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News for a New Year

Marcello D. Bronstein1

https://orcid.org/0000-0002-0113-5201

Dear colleagues, 

A new year begins for the AE&M and we have some important information to 
share.

1) Two new associate editors for the area of   Obesity and Metabolic Disorders are 
joining us: Dr. Simone Van der Sande Lee and Dr. Bruno Halpern, who will face the 
arduous mission of replacing Dr. Erika Parente and Prof. Rogerio Friedman, leaving 
their positions due to other commitments assumed. Welcome Simone and Bruno to 
your new task!

2) As already stated in the Journal’s instructions to the authors, only Brazilian 
manuscripts with CAAE number (Certificate of Presentation for Ethical Consideration) 
generated at Plataforma Brasil will be considered for review (1). I believe that, 
unfortunately, many important articles will no longer be evaluated, but this measure 
will certainly improve the level of our Journal.

3) Finally, I hope that everyone has accepted the absence of the print edition, 
a general trend in medical journals. This measure undoubtedly streamlines, reduces 
costs and should, therefore, be maintained.

With my best regards.

Disclosure: no potential conflict of interest relevant to this article was reported. 

REFERENCE
1. Plataforma Brasil - Conselho Nacional de Saúde conselho.saude.gov.br › plataforma-brasil-conep.
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Polycystic ovary syndrome: new 
insights on the puzzle of adiposity, 
chronic low-grade inflammation 
and metabolic disturbances

Poli Mara Spritzer1,2

https://orcid.org/0000-0002-5204-107X

P olycystic ovary syndrome (PCOS) is a frequent and complex condition affecting 
women of reproductive age and is characterized by hyperandrogenism, irregular 

menstrual cycles and polycystic ovarian morphology (PCOM). Women with PCOS 
also present higher prevalence of obesity, metabolic disturbances and functional 
perturbations in adipose tissue. Emerging evidence suggests that hyperandrogenism 
may induce adipocytes proliferation, as observed in women with PCOS. Also, higher 
percentage of body fat mass and androgen excess have been associated with insulin 
resistance (1). Expansion of adipose tissue has been linked to altered secretion of 
adipokines, inflammation and apoptosis. The hypertrophy of adipocytes and androgen 
excess in PCOS lead to chronic low-grade inflammation related to compression 
phenomena in the stromal vessels, local hypoperfusion and disturbed cytokines 
production. These derangements on the adipose tissue function and secretion may 
influence the pathophysiology of PCOS through their impact on metabolism and on 
sex steroid secretion (2). 

In this issue of AE&M, Cardoso and cols. (3) report the associations between 
adiposity, metabolic traits and adipose tissue-secreted products in a sample of women 
with PCOS compared to controls. The subjects were stratified according to body fat 
percentage (BFP) classes and both PCOS and controls were similar regarding age, 
body mass index (BMI), waist-to-hip ratio, body fat and lipid profile in each BFP class. 
In turn, considering the same body fat class, insulin-resistance markers (insulin and 
HOMA-IR) as well as testosterone levels were higher in PCOS compared to controls. 
Leptin levels were similarly higher and adiponectin levels were lower in both PCOS 
and control subgroups presenting greater adiposity. In contrast, in these subjects with 
greater body fat, inflammation markers – TNFα and IL6 levels were higher in PCOS 
compared to controls. The outcomes of this study, analyzing adipokine levels associated 
to body fat instead of BMI, expand previous published data about leptin circulating 
levels in PCOS and controls that indicated a direct relationship between leptin and the 
amount of body fat, being significantly increased in overweight or obese subgroups, 
in the presence of PCOS or not (4,5). Conversely, current data are not yet conclusive 
in relation to adiponectin serum levels, as also cited by Cardoso and cols., and other 
studies have found lower adiponectin levels in women with PCOS compared with 
controls (6). The disagreement among studies may be related to distinct factors, such 
as ethnicity or to differences in the methods of adiponectin determination. Recently, 
the measurement of high molecular weight-active adiponectin forms instead of total 
adiponectin has shown to increase the accuracy of assessments of the relationship 
between adiponectin and insulin resistance in PCOS (7,8). Interestingly, the results of 
the Cardoso et al study also reinforce the notion that higher/dysfunctional fat mass 
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in PCOS may release inflammatory mediators, such 
as TNF and IL6, contributing to pathophysiological 
mechanisms related to the development of metabolic 
and reproductive dysfunctions of the syndrome (2,9). 

Emerging evidence also suggests vitamin D 
deficiency or related gene variants may play a role on 
the endocrine and metabolic disturbances associated 
to PCOS (10-13). However, even if its nuclear 
receptor (VDR) is observed in many tissues, including 
the ovary, the exact mechanism of action of vitamin 
D has yet to be established in PCOS. Previous trials 
addressing its circulating levels have shown lower, 
similar or higher serum concentrations in women with 
PCOS (12,14-16). 

In this context, Eftekhar and cols. (17) sought 
to examine serum vitamin D levels among the four 
phenotypes of infertile women with PCOS. A control 
group consisting of healthy women with a background 
of male factor for infertility was also included in this 
retrospective study. The evaluation revealed lower 
serum vitamin D levels in the PCOS group compared to 
control women and no differences among the distinct 
phenotypes of participants with PCOS. It’s noteworthy 
that BMI was similar among the PCOS sub-groups. 
This is an interesting approach toward associations 
between vitamin D and reproductive traits in PCOS 
and, as the authors suggest, further prospective studies 
with larger sample sizes and other ethnicities are needed 
to confirm the present results. In another recent study 
addressing the prevalence of vitamin D deficiency in 
women with PCOS and different phenotypes, those 
presenting androgen excess had higher crude odds ratio 
for vitamin D deficiency, but the significance was lost 
after adjustment for BMI and ethnicity (18). Indeed, 
considering that obesity has been linked to lower serum 
vitamin D levels (19) and women with PCOS present 
higher prevalence of overweight/obesity as well as 
insulin resistance, assessing a potential independent role 
of vitamin D in PCOS still remains a challenge (14). 

Disclosure: no potential conflict of interest relevant to this article was 
reported. 
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ABSTRACT
Objective: The aim of this study was to investigate polycystic ovary syndrome (PCOS) and to explore 
the relationship between body fat percentage and metabolic markers. Subjects and methods: 
Sedentary women were assigned to PCOS (N = 60) and CONTROL (N = 60) groups. Each group 
was subdivided into three subgroups according to body fat percentage (22-27%, 27-32% and 32-
37%). The protocol consisted of assessments of glucose, insulin, androgens, follicle stimulating 
hormone (FSH), luteinizing hormone (LH), 17-hydroxyprogesterone (17-OHP), leptin, adiponectin, 
tumor necrosis factor (TNF-α) and interleukin-6 (IL-6). Results: The PCOS subgroups showed higher 
concentrations of androgens, LH and 17-OHP. Leptin showed direct relationship with increased 
body fat percentage, whereas adiponectin showed the inverse effect. However, both were 
unaffected by PCOS. TNF-α and IL-6 were higher in PCOS women and showed a direct relationship 
with increased body fat percentage. Glucose showed direct relationship with body fat percentage, 
whereas insulin presented higher values in PCOS women and direct relationship with increased 
body fat percentage. Conclusions: Our findings indicate that PCOS and body fat percentage directly 
influence concentrations of insulin, TNF-α and IL-6, whereas leptin and adiponectin are influenced only 
by the increase in body fat percentage in these women. Arch Endocrinol Metab. 2020;64(1):4-10
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most 
common endocrinopathy that occurs during 

reproductive life and it affects approximately 5% to 
15% of women worldwide (1). The characteristics 
associated with PCOS, such as hirsutism, acne, 
ovaries with a polycystic pattern and increased 
body fat percentage are not consistent. Thus, the 
diagnosis is made based on at least two of the three 
Rotterdam consensus criteria: 1) menstrual irregularity 

(oligomenorrhea/amenorrhea), 2) clinical and/
or laboratory hyperandrogenism, and 3) Standard 
ultrasound diagnosis of polycystic ovaries (presence 
of at least one ovarian follicle having 12 or more 
measuring from 2 to 9 mm in diameter, and/or 
total volume > 10 cm3) (2). Moreover, metabolic 
disorders are commonly associated with PCOS and 
include hyperinsulinemia, dyslipidemia and type II 
diabetes, which are associated with the development of 
cardiovascular disorders and disease (2-4) 
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According to studies in the literature, women 
with PCOS may experience dysregulation in adipose 
tissue, in the synthesis of hormonal factors known as 
adipokines and gene expression profile of omental 
adipose tissue of women with PCOS demonstrates 
that genes in several classes are dysregulated (5). Some 
of these changes are characterized by increased serum 
concentrations of leptin, tumor necrosis factor (TNF)-α 
and interleukin (IL)-6 and by the reduced production 
of adiponectin (4-6). The relationship between PCOS 
and adipokines is controversial because this endocrine-
metabolic disorder is often associated with an increased 
body fat percentage (7). However, there is controversy 
about adiponectin role in inflammation since its plasma 
concentration decreases in some inflammatory diseases, 
for example in obesity and PCOS, and increases under 
some other inflammatory conditions – rather than 
decreased – in classic chronic inflammatory/autoimmune 
diseases that are unrelated to increased adipose tissue, 
such as rheumatoid arthritis type 1 diabetes (8).

The aim of this study was to investigate whether 
the changes observed in the serum levels of leptin, 
adiponectin, TNF-α e IL-6 in women with PCOS 
resulted from increased body fat or were the main result 
of endocrinopathy. Thus, we evaluated the relationship 
among three body fat percentage levels (22%-27%, 27%-
32% and 32%-37%) and androgenic and metabolic lipid 
profiles, with an emphasis on adipokines, by analyzing the 
concentrations of leptin, adiponectin, TNF-α and IL-6.

SUBJECTS AND METHODS

Sampling

We studied 120 sedentary women, who did not perform 
regular exercise (aged 33 ± 3 years), and were screened 
at the outpatient clinic of Gynecology and Obstetrics, 
Clinical Hospital of the Ribeirão Preto Medical School, 
University of São Paulo (HCFMRP/USP). The women 
were assigned to one of two groups: PCOS group (N = 60) 
according to the Rotterdam consensus and CONTROL 
group (N = 60) without PCOS. They were at the clinic 
for routine gynecological exams. All volunteers with 
PCOS selected for the study had polycystic ovaries, 78,3% 
had biochemical hyperandrogenism, 73,3% had clinical 
hyperandrogenism and 90% had irregular menstrual cycles.

Each group was subdivided into three smaller 
subgroups (n = 20) according to body fat percentage 
(22%-27%, 27%-32% and 32%-37%) (9). The women 
were randomly selected and evaluated for percentage of 

fat, and subsequently included in the study to complete 
the number of 20 volunteers per subgroup.

The exclusion criteria for the study were women 
younger than 18 or older than 40 years, the use of 
contraceptives, pharmacological treatment, smoking, 
drinking, cognitive disorders that would hinder 
the understanding and execution of tests, disabling 
musculoskeletal and cardiovascular diseases, Cushing’s 
syndrome, congenital adrenal hyperplasia, androgen-
secreting neoplasm and any form of endocrine disorders.

All of the women were informed of the study’s 
objectives and provided their consent to participate 
in the study. The study was approved by the Research 
Ethics Committee of the HCFMRP/USP, São Paulo, 
Brazil (Process no 11613/2008).

Laboratory tests

Blood samples were collected between 7 and 10 hours, 
on an empty stomach, in the follicular period of 
the cycle (2nd-7th day of menstruation) or during 
amenorrhea, using vacutainer tubes (BD-Becton 
Dickinson, Plymouth, UK). After blood collection, the 
samples were centrifuged for 10 min at 4 °C and 2.500 
rpm. The plasma isolated from each patient was stored 
in Eppendorf tubes (1.5-mL), which were immediately 
placed in a freezer at -80 °C for subsequent analysis. The 
only exception was serum glucose, which was analyzed 
immediately after obtaining the blood samples using 
the Hexokinase-UV method. The volunteers were 
instructed to fast for 12 hours, to avoid physical activities 
and beverages containing alcohol or caffeine 48 hours 
before the blood sampling. Serum levels of triglycerides 
(TG) and cholesterol (LDL, low-density lipoprotein; 
HDL, high-density lipoprotein) were measured 
using an enzymatic spectrophotometer (DU-640; 
Beckman, Fullerton, CA). Specific radioimmunoassay 
procedures (Siemens Medical Diagnostics, Los 
Angeles, CA, USA) were conducted to quantify the 
plasma levels of leptin, total adiponectin, testosterone, 
androstenedione, 17-hydroxyprogesterone (17-OHP), 
luteinizing hormone (LH) and follicle stimulating 
hormone (FSH). IL-6 and TNF-α concentrations 
were determined using chemiluminescence 
immunoassays. Insulin resistance was assessed using  
HOMA-IR = [fasting glucose (mg/dL) × 0.05551] 
× [fasting insulin (μU/mL)]/22.5, and considered 
resistance when HOMA-IR > 2.71 (10). 

Body composition and body fat percentage 

Anthropometric measurements including body mass 
index (BMI), waist circumference, hip circumference and 
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waist/hip ratio were taken. BMI was obtained using the 
formula W/H2, where W was the weight of the women 
in kilograms and H was the height of the women in 
meters. Body composition and body fat percentage were 
evaluated using the bioelectrical impedance method 
(BIA 310, Biodynamics Corporation, Shoreline, WA). 

Statistical analysis

All of the statistical tests were performed using 
SigmaStat 3.5 software (Systat Software Inc., San Jose, 
CA, USA). The results are shown as the mean ± SEM 
(standard error of the mean). The effects of PCOS 
and body fat percentage were assessed using two-way 
analysis of variance (ANOVA). When appropriate, post 
hoc comparisons were performed using the Student 
Newman-Keuls test. Differences were considered to be 
statistically significant when p < 0.05. 

RESULTS 

As seen on Table 1, the body composition data show 
no significant differences in age and height between 

CONTROL and PCOS groups (intergroup comparison). 
Also there were no significant differences in body weight, 
body mass index (BMI), waist/hip ratio and average 
percentage of body fat. However, when these parameters 
were compared intragroup (22%-27%; 27%-32%; and 
32%-37%), we observed significant increase related to 
the range of the percentage of body fat.

The metabolic parameter analysis illustrated in 
Table 2 show no differences in lipoproteins intra 
(adiposity) and intergroup (CONTROL vs. PCOS). 
Triglycerides analyses showed differences related to 
adiposity within each group. The CONTROL subgroup 
with the greater body fat percentage (32%-37%) showed 
increased triglyceride values when compared to the 
other subgroups (22%-27% e 27%-32%). On the other 
hand, comparisons within the PCOS group showed 
that the triglycerides increased directly proportional to 
the increase in the percentage of body fat.

Table 2 also illustrates the glycemia, insulin and 
HOMA-IR index values obtained in all groups. There 
were no differences within the CONTROL group. 
However, PCOS group showed several differences.  

Table 1. Anthropometric values of women from the CONTROL and PCOS groups subdivided according to body fat percentage

Anthropometric values
22%-27% 27%-32% 32%-37%

CONTROL (20) PCOS (20) CONTROL (20) PCOS (20) CONTROL (20) PCOS (20)

Age (years) 32 ± 7 34 ± 5 33 ± 7 35 ± 7 31 ± 4 33 ± 7

Height (cm) 165 ± 7 162 ± 7 166 ± 7 165 ± 5 163 ± 5 161 ± 6

Weight (kg) 63 ± 6 59 ± 4 72 ± 7a 69 ± 6d 79 ± 11a,b 76 ± 9d, e

BMI, kg/m2 23,1 ± 2,6 22,6 ± 2,9 26,3 ± 3,0a 25,5 ± 3,0d 29.8 ± 4.3a,b 29,9 ± 4,5d,e

WHR 0.75 ± 0,02 0.74 ± 0,01 0.79 ± 0,02a 0.81 ± 0,02d 0.84 ± 0,01a,b 0.83 ± 0,02d,e

Body fat, % 23,6 ± 1,7 24,4 ± 2,1 29.8 ± 3.2a 30,3± 1,5d 35.7 ± 3.2a,b 35,2 ± 1,5d,e

Data is expressed as the mean ± SEM values. PCOS, polycystic ovary syndrome; BMI, body mass index; WHR, waist-to-hip ratio.aP < 0.05 vs. CONTROL (22%-27%); bP < 0.05 vs. CONTROL (27%-
32%); dP < 0.05 vs. PCOS (22%-27%); and eP < 0.05 vs. PCOS (27%-32%).

Table 2. Metabolic parameters of women from the CONTROL and PCOS groups subdivided according to body fat percentage

Metabolic parameters
22%-27% 27%-32% 32%-37%

CONTROL (20) PCOS (20) CONTROL (20) PCOS (20) CONTROL (20) PCOS (20)

Cholesterol, mg/dL 196 ± 19 200 ± 24 212 ± 45 205 ± 32 209 ± 16 219 ± 32 

HDL, mg/dL 45 ± 8 44 ± 8 42 ± 11 42 ± 5 43 ± 7 41 ± 6 

LDL, mg/dL 107 ± 11 103 ± 16 107 ± 16 108 ± 17 114 ± 13 118 ± 25 

TG, mg/dL 115 ± 21 109 ± 19 121 ± 34 140 ± 33d 149 ± 39a,b 165 ± 44d,e

FPG, mg/dL 86 ± 8 85 ± 12 88 ± 11 93 ± 12d 90 ± 10 95 ± 9d

FI, U/ml 9,14 ± 1,5 10,2 ± 2,8 9,6 ± 2,9 12.9 ± 2,8b,d 9,7 ± 2,1 14,3 ± 2,5c,d

HOMA – IR 1,94 ± 0,33 2,16 ± 0,77 2,09 ± 0,65 2,98 ± 0,77b,d 2,14 ± 0,41 3,35 ± 0,76c,d

Data is expressed as the mean ± SEM values. PCOS, polycystic ovary syndrome; HDL, high-density-lipoprotein-cholesterol; LDL, low-density-lipoprotein-cholesterol; TG, triglycerides; FPG, fasting 
plasma glucose; FI, fasting plasma insulin. aP < 0.05 vs. CONTROL group (22%-27%); bP < 0.05 vs. CONTROL group (27%-32%); cP < 0.05 vs. CONTROL group (32%-37%); dP < 0.05 vs. PCOS 
group (22%-27%); and eP < 0.05 vs. PCOS (27%-32%).
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PCOS subgroups with the greater body fat percentages 
(27%-32% and 32%-37%) showed increased values 
for glycemia, insulin and HOMA-IR index when 
compared to the PCOS subgroup with lower body fat 
percentage (22%-27%). While there were no intergroup 
(CONTROL vs. PCOS) differences in glycemia, fasting 
insulin and HOMA-IR index were higher for the PCOS 
subgroups with greater body fat percentages (27%-
32% and 32%-37%) when compared to their respective 
CONTROL subgroups (27%-32% and 32%-37%).  

As seen on Table 3, intergroup (CONTROL 
vs. PCOS) analysis of androgens (testosterone and 
androstenedione) show higher values for the PCOS 
subgroups when compared to their respective 
CONTROL subgroups. On the other hand, intragroup 
(adiposity) analysis showed no differences within the 
CONTROL group, while the PCOS subgroups with 
the greater body fat percentages (27%-32% and 32%-
37%), showed higher testosterone levels when compared 
to the lower body fat percentage subgroup (22%-
27%). The PCOS subgroup with the greater body fat 
percentage (32%-37%) showed higher androstenedione 
levels when compared to the other PCOS subgroups 
(22%-27% and 27%-32%). 

Intergroup analysis (CONTROL vs. PCOS) 
of 17-OHP and LH show higher values for the 
PCOS subgroups when compared to their respective 
CONTROL subgroups. On the other hand, intergroup 
analysis (CONTROL vs. PCOS) of FSH show lower 
values for the PCOS subgroups. Adipokines analysis 
show significant increase in leptin positively correlated 
with increase in body fat for both the CONTROL 

and the PCOS groups, while adiponectin showed the 
opposite. In this way it was possible to observe that 
PCOS patients (32%-37%) exhibited higher levels of 
testosterone and also lower levels of adiponectin than 
PCOS (22%-27%). Interestingly, some previous studies 
have shown in vitro (11), as well in vivo (12) that 
adiponectin can decrease androgen production in theca.

In addition, while intragroup comparisons (adiposity) 
within the CONTROL and the PCOS showed no 
differences in adiponectin for the subgroups with 
the greater body fat percentages (27%-32% and 32%-
37%), these groups showed lower adiponectin levels 
when compared to the subgroups with lower body 
fat percentage (22%-27%). Intergroup comparisons 
(CONTROL vs. PCOS) showed no differences in leptin 
and adiponectin. Intragroup comparisons (adiposity) 
showed higher levels of TNF-α and IL-6 for the 
subgroup with greater body fat percentage (32%-37%) 
when compared to the other subgroups (22%-27% and 
27%-32%).  Intergroup comparisons (CONTROL vs. 
PCOS) showed higher levels of TNF-α and IL-6 for the 
subgroup with greater body fat percentage (32%-37%) 
when compared to the respective CONTROL subgroup.

DISCUSSION 

We have investigated the relationship between important 
metabolic parameters and body fat percentage in 
women with PCOS. Our results indicate that there 
are important differences among metabolic parameters 
evaluated in women with and without PCOS, especially 
when body fat was considered.

Table 3. Hormonal parameters of women from the CONTROL and PCOS groups subdivided according to body fat percentage

Hormonal parameters
22%-27% 27%-32% 32%-37%

CONTROL (20) PCOS (20) CONTROL (20) PCOS (20) CONTROL (20) PCOS (20)

Testosterone, nmol/L 1,55 ± 0,69 2,51 ± 1,13a 1,59 ± 0,39 3,81 ± 1,69b,d 1,62 ± 0,88 4,08 ± 1, 62c, d

Androstenedione, nmol/L 4,22 ± 2,07 7,78 ± 2,95a 4,26 ± 1,48 8,92 ± 3,12b 4,45 ± 2,26 9,29 ± 3,32c

17-OHP (ng/mL) 0,86 ± 0,37 1,17 ± 0,36a 0,92 ± 0,45 1,21 ± 0,43b 0,91 ± 0,34 1,27 ± 0,48c

FSH (U/L) 6,63 ± 2,55 4,84 ± 1,47a 7,11 ± 2,17 5,11 ± 2,29b 6,81 ± 2,35 3,84 ± 1,12c 

LH (U/L) 6,41 ± 2,46 7,91 ± 2,19 6,22 ± 1,66 8,41 ± 2,58b 6,74 ± 1,88 9,11 ± 1,45c

Leptin, ng/ml 16,51 ± 6,89 18,14 ± 7,94 22,61 ± 7,25a 24,71 ± 9,12d 33,49 ± 8,32a, b 33,05 ± 9,05d, e

Adiponectin, ng/mL 12,35 ± 5,38 11,81 ± 5,33 8,75 ± 5,92 8,72 ± 5,75 7,13 ± 4,83a 7,28 ± 4.38d

TNF-α, pg/mL 3,78 ± 2,91 4,25 ± 3,07 4,41 ± 2,40 5,36 ± 1,95b 5,68 ± 1,97a, b 6,86 ± 2,63c, d, e

IL-6, pg/mL 1,82 ± 1,77 2,04 ± 1,80 1,92 ± 1,58 3,03 ± 2,54 4,24 ± 2,68a, b 6,72 ± 3,46c, d, e 

Date are expressed as the mean ± SEM values. PCOS, polycystic ovary syndrome; 17-OHP, 17-hydroxyprogesterone; FSH, follicle stimulating hormone; LH, luteinizing hormone; TNF-α, tumor 
necrosis factor-α; IL-6, interleukin-6. aP < 0.05 vs. CONTROL group (22%-27%); bP < 0.05 vs. CONTROL group (27%-32%); cP < 0.05 vs. CONTROL group (32%-37%); dP < 0.05 vs. PCOS group 
(22%-27%); and eP < 0.05 vs. PCOS (27%-32%).
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In our study, increased insulin resistance was found 
in PCOS group when compared to the CONTROL 
group, corroborating the data from previous studies 
(13). Obesity is often associated with insulin resistance 
and hyperinsulinemia. However, eutrophic individuals, 
may also exhibit these conditions, mainly due to 
visceral fat accumulation and metabolic and endocrine 
differences (13-15). The increased insulin resistance 
might be playing a central role in the development of 
endothelial dysfunction (early event in atherosclerosis 
process), increasing oxidative stress and secretion of 
hormones and adipokines by the adipose tissue (16-
18). Endothelial dysfunction is also characterized by 
lower production of nitric oxide and its production not 
only modulates the tone of vascular smooth muscle, 
but also inhibits several atherogenic processes (16-
19). These processes are the adhesion of platelets and 
monocytes, LDL oxidation, synthesis of inflammatory 
cytokines and proliferation of vascular smooth muscle 
cells (16-19). In addition, these results can influence 
hormonal regulation, since increased insulin resistance 
may interfere with the steroidogenesis by increasing the 
androgens synthesis (20).

Further, according to the literature, the increase 
of testosterone and other androgens may influence 
the mechanisms involved in the modulation of insulin 
receptors (21). These alterations contribute to increased 
insulin resistance and hyperinsulinemia which reveal a 
cascade and cyclic effect among the various components 
present in the syndrome (20-21). In this study, serum 
levels of testosterone and androstenedione were higher 
in PCOS women. In addition, testosterone levels were 
significantly elevated in the PCOS group with the 
highest fat percentage. This finding is consistent with 
previous results reported in literature and suggests that 
testosterone can induce a proliferative effect in pre-
adipocytes (22).

It has also been suggested that androgenic hormones 
and insulin resistance interfere directly in adipokines 
concentrations, which are considered important 
metabolic and inflammatory markers (4,6). They are 
produced by adipose tissue and several of them are 
involved in the development of complications associated 
with increased body fat, for example, insulin resistance 
(4). Therefore, it is common to observe an increase 
in serum leptin, TNF-α and IL-6 levels accompanied 
by reduced levels of adiponectin (4-6). However, the 
association between these adipokines and PCOS is 
still controversial and there is no conclusion whether 

these changes in adipokines levels in PCOS women are 
correlated to increased body fat or endocrine disorder. 

In our study, analysis of serum adiponectin and 
leptin showed no differences between PCOS and 
CONTROL groups, however, there was a direct 
relationship between these hormones and body fat 
percentage values. Adiponectin levels decreased 
with an increase in body fat percentage, confirming 
the results of other authors which also related 
to the presence of hyperandrogenism (4,6). The 
consequences of this decrease have been reported in 
other studies. It has been associated with progression 
of type II diabetes, endothelial dysfunction (23) and 
increased risk of cardiovascular disease in women 
(24). On the other hand, leptin levels had a positive 
correlation with body fat percentage, since their 
values were significantly higher when the percentage 
increased, which has been reported in other studies 
(4,6-7). However, no significant differences in leptin 
levels were detected intergroup. 

Thus, despite the controversies in the literature, 
there is strong evidence from the present study as well 
as other studies, indicating that the increase in body fat 
percentage could be responsible for increased production 
of leptin and decreased adiponectin (25). While other 
studies have suggested that leptin production might be 
regulated by insulin action, higher body fat percentage 
has been shown to play a central role in leptin increase 
(8,25). The results in the present study corroborate 
this idea. Although, we observed an increase in fasting 
insulin and in HOMA-IR in PCOS women, their leptin 
levels were similar to the women in their CONTROL 
group. 

However, the production of other adipokines may 
involve more than one mechanism. This statement 
is based on the findings of the present study. Such as 
leptin, the elevated concentrations of TNF-α and IL-6 
in groups with higher fat body percentages (27%-32% 
and 32%-37%) suggest an effect of body fat. In turn, 
the PCOS group also had higher serum concentrations 
of TNF-α and IL-6 compared to the CONTROL 
group, suggesting in this case an effect of PCOS. 
Possible explanations suggest an association between 
hyperinsulinemia and the expression of these pro-
inflammatory markers has been described (26-27).

In this regard, some studies have suggested that 
increased TNF-α concentrations may impair the 
translocation of GLUT4 receptors (28-29), while IL-6 
may have pro-inflammatory properties that lead to 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

9

Adipokines and polycystic ovary syndrome

Arch Endocrinol Metab. 2020;64/1

insulin resistance (26). Increases in IL-6 and TNF-α 
were also observed, particularly in the PCOS insulin 
resistance group (18). In addition, TNF-α can reduce 
the activity of lipoprotein lipase (30) and IL-6 increase 
the uptake of fatty acids to adipose tissue and to the 
liver, which in turn promotes hypertriglyceridemia (31). 
On the other hand, the reverse situation also appears to 
be true, since it was observed that insulin and obesity 
stimulates the gene expression of TNF-α and IL-6 in 
adipose tissue (32). There is evidence that the increase 
of testosterone levels may be a trigger for producing 
these markers (33). These studies may help us explain 
why women with PCOS in our study displayed higher 
levels of TNF-α and IL-6 when compared to their 
counterparts. Additionally, PCOS patients show also 
increase in the generation of reactive oxygen species 
by mononuclear cells which are located in the stromal 
vascular compartment of visceral adipose tissue. This 
increase happens in response to their hyperglycemia 
and it might play an important role in the development 
of hyperandrogenism and insulin resistance through 
the activation of NF-κB and increased transcription 
of the TNF-α gene. This characterizes the PCOS as a 
proinflammatory state (34).

Finally, our study shows that there are differences 
in the behavior of adipokines in women with PCOS; 
however, the increase in percentage of body fat is an 
important factor for these changes. Thus, decreased 
body fat shows lower expression of inflammatory 
markers, elucidating the hypothesis that the expression 
of these markers is therefore primarily due to excess 
body fat, as observed in groups with lower fat 
percentage (22%-27%). However, TNF-α and IL-6, in 
addition to the increase in the percentage of body fat, 
were also found to be higher in the PCOS group when 
compared to the control when the fat percentage was 
32%-37% and the TNF-α higher in the PCOS group in 
relation to the control also in the percentage 27%-32%.

In general, our study presented important and very 
representative results. However, there is limitation. To 
evaluate body fat, we use bioimpedance equipment. 
For future studies that need to perform the same 
stratification we suggest the use of Dual X-ray 
absorptiometry (DXA) that has been referenced as 
reference standard (35).

We conclude that serum levels of leptin and 
adiponectin are altered in women with intermediate 
and high degrees of adiposity and is independent of 
the presence of PCOS, showing that the degree of 

alteration in the serum levels of these adipocytokines 
is proportional to the degrees of adiposity. Differently, 
serum levels of TNF-α and IL-6 are increased only 
when the level of adiposity is very high, and are even 
higher in the presence of PCOS, suggesting that the 
role of obesity in the etiology of PCOS is mainly related 
to higher secretion of TNF-α and IL-6 adipocytokines 
by adipocytes, being little influenced by leptin and 
adiponectin in this population.
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ABSTRACT
Objective: The aim of this study was to assess the serum vitamin D level in a retrospective study in 
women with polycystic ovary syndrome (PCOS), according to the different phenotypes of the disease. 
Subjects and methods: In this retrospective study, the records of 351 infertile women who were 
diagnosed with PCOS were examined, and 200 of them were enrolled in the study randomly in 4 
PCOS phenotypes. Fifty normal ovulatory women with the history of male factor were selected as 
the control group. Parameters, including age, infertility duration, body mass index (BMI), hormone 
profile, as well as the serum vitamin D level were compared among the 4 phenotypes, with the P-value 
≤ 0.05 considered statistically significant. Results: The findings showed a higher serum vitamin D 
level in the control group than in PCOS patients, which was statistically significant (P < 0.001). In 
addition, there was no significant difference in the serum vitamin D level among the four phenotypes 
of PCOS. Conclusions: No significant difference was found in the serum vitamin D level of the 
different phenotypes of PCOS. Further studies with larger sample sizes are recommended to be done 
to establish the role of the serum vitamin D level in PCOS patients. Arch Endocrinol Metab. 2020;64(1):11-6
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INTRODUCTION 

Polycystic ovary syndrome (PCOS) is referred to the 
conditions that affect the endocrine system. About 

5-21 percent of women at the reproductive age are at 
the risk of this fertility problem. The major common 
symptoms of PCOS are a defect in the menstrual 
cycle, ovulatory deficiencies, and hirsutism. PCOS is a 
disorder of various types, with metabolic syndromes, 
including hyperandrogenemia, dyslipidemia, and 
insulin resistance being the other characteristics of this 
disease (1).

The Rotterdam criteria are the guidelines for the 
diagnosis of PCOS. These criteria are highly accepted 
for the diagnosis of PCOS, with this disease being 
diagnosed typically in women who show at least two 
of the three symptoms of I; oligo or anovulation, II; 
hyperandrogenemia, and III; poly cysts in the ovaries 
on ultrasonography (2).

PCOS can increase the infertility risk and affect the 
patient’s health in many ways (3). The term ‘polycystic 

ovarian syndrome’ does not reflect the complications of 
this disorder fully or correctly. It involves a wide range 
of clinical expressions and related diseases. Women with 
PCOS have the indications of reproductive defects, 
including insulin resistance; in addition, they are at a higher 
risk of type 2 diabetes mellitus, high blood pressure, low 
HDL, high LDL, depression, and anxiety (4).

Pregnant women with PCOS are at a high risk of 
gestational diabetes, preeclampsia, fetal macrosomia, 
small-for-gestational age infants, and perinatal 
mortalities (5). 

In the past decades, significant attempts were made to 
categorize PCOS types. The initial data included chronic 
anovulation and hyperandrogenism as the indicators of 
PCOS classification. In the end, the collected data were 
integrated into the Rotterdam criteria (6). Based on 
the Rotterdam criteria, four different phenotypes can 
be defined for PCOS, including hyperandrogenism, 
chronic anovulation, and polycystic ovaries (PCO); 
hyperandrogenism and chronic anovulation but 
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normal ovaries; hyperandrogenism and polycystic 
ovaries but ovulatory cycles; and chronic anovulation 
and polycystic ovaries but no clinical or biochemical 
hyperandrogenism (7).

Clinical researchers have recently focused on vitamin 
D supplementation as an adjuvant treatment for PCOS. 
It has been confirmed that women with PCOS have a 
high level of vitamin D deficiency. Hence, a correlation 
has been established between the serum vitamin D level 
and several metabolic symptoms in PCOS patients. It 
has recently been suggested that vitamin D deficiency 
may be responsible for the pathogenesis of PCOS (8). 
Numerous studies have shown that the biomarker of 
vitamin-D, i.e. 25-hydroxy vitamin D (25 OH D), is 
negatively correlated with the body fat level, waist 
circumference, and the body mass index (BMI) (9-11). 
In the literature review for the present study, we found a 
paper that examined the serum vitamin D level in various 
phenotypes of PCOS. Davis and cols. in this paper 
evaluated vitamin D level in Intrauterine insemination 
(IUI) cases based on PCOS phenotype (12).

In the present retrospective study, we assessed the 
serum vitamin D level in women with PCOS, according 
to the different phenotypes of the disease.

SUBJECTS AND METHODS

In this retrospective cohort study, over a 30-month 
period from April 2015 to August 2017, the clinical 
and laboratory records of 3000 patients were reviewed. 
The present study was approved by the Ethics 
Committee of Yazd Reproductive Sciences Institute, 
Shahid Sadoughi University of Medical Sciences, 
Yazd, Iran, under the ethics code of IR.SSU.RSI.
REC.1396.31. Three hundred and fifty one infertile 
women aged 18-40 were diagnosed with PCOS. Next, 
50 cases in each phenotype group (200/351 women) 
were enrolled randomly in the study. Fifty normal 
ovulatory women with the history of male factor 
were then selected as the control group. In control 
group women with regulatory menses, normal ovarian 
reserve (AMH>1.2 ng/mL) and non PCOS based on 
Rotterdam criteria selected.

Inclusion criteria: women aged between 18-40 years 
old were diagnosed with polycystic ovary syndrome 
based on Rotterdam criteria, 

Exclusion criteria: women with history of 
endometriosis, hyperprolactinemia, recurrent abortion, 
and sever male factor including testicular sperm 

extraction (TESE), percutaneous epididymal sperm 
aspiration (PESA), oligospermia were excluded.

PCOS was diagnosed based on the Rotterdam 
criteria (2). PCOS would be diagnosed if at least two 
of the following criteria were met: ‘oligomenorrhea/
anovulation’ (defined as the delay in menses over 
35 days or less than 8 spontaneous hemorrhagic 
episodes per year), clinical and/or biochemical 
hyperandrogenism (defined as the total circulating 
testosterone levels being over 95 percent (0.481  
ng/mL) of the levels detected in the group of women 
with no clinical evidence of hyperandrogenism or 
menstrual disturbances and taking no hormonal 
medication), and polycystic ovary on ultrasonography 
(≥ 12 small follicles measuring 2-9 mm in at least one 
ovary and/or the ovarian volume > 10 cm3).

The patients were categorized into four 
groups, according to the following defined criteria: 
Hyperandrogenism, chronic anovulation and polycystic 
ovaries; hyperandrogenism and chronic anovulation but 
normal ovaries; hyperandrogenism and polycysticovaries 
but ovulatory cycles; and chronic anovulation and 
polycystic ovaries but no clinical or biochemical 
hyperandrogenism. The data were collected from the 
hospital records. All hormonal and vitamin D level were 
tested in the hematology laboratory of Yazd research 
and clinical center for infertility. Biochemical assay 
to determine vitamin D level was VD3 (Vitamin D3) 
ELISA Kit (Elabscience; E-EL-0014) and detection 
range of this test was between 1.56 to 100 ng/ml. Other 
hormones were determined by specific ELISA kits.

The patients’ data included age, duration of 
infertility, body mass index (BMI), hormone profile, 
and the serum vitamin D level. 

Statistical analysis

Data was analyzed using Statistical Package for the 
Social Sciences 20.0 (SPSS, SPSS Inc, Chicago, 
Illinois). Continuous data were presented as mean ± 
standard deviation (SD) and assessed by independent 
Student’s t-test. Analysis of variance (ANOVA) with 
post hoc LSD were used to comparison between 
mean of parameters pair ways. P-value less than 0.05 
considered statistically significant.

RESULTS 

The data from 200 PCOS cases were analyzed in this 
study and compared to 50 male factor infertility cases 
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as the control group. The patients’ characteristics are 
summarized in Table 1. The mean age and duration of 
infertility were similar in the two groups. The statistical 
analysis demonstrated a higher serum vitamin D level in 
the control group than in PCOS patients, having been 
statistically significant (P < 0.001). Other factors, including 
body mass index (BMI), anti-mullerian hormone (AMH), 
follicle stimulating hormone (FSH), luteinizing hormone 
(LH), and fasting blood sugar (FBS) were significantly 
different between the two groups (Table 1). 

As Table 2 shows, the parameters were compared 
among PCOS phenotypes. There was no significant 
difference in the serum vitamin D level among the four 
phenotypes of PCOS. Three parameters of AMH, LH, 
and testosterone were significantly different among 

Table 1. Comparison of Women’ characteristics between PCOS patients 
and control

p-value Control (n = 50) PCOS (n = 200) Variables

NS 28.46 ± 4.18 28.19 ± 5.37 Women’s age (years)

NS 5.44 ± 3.53 5.82 ± 3.78 Infertility duration (years)

0.001 29.08 ± 5.50 20.60 ± 9.22 Vit D3 (ng/mL)

0.001 3.76 ± 1.22 8.70 ± 4.07 AMH (ng/mL)

0.001 23.96 ± 2.63 28.54 ± 3.45 BMI (kg/m2)

0.001 5.36 ± 2.96 9.14 ± 5.51 LH (IU/l)

0.001 6.66 ± 1.69 5.42 ± 2.21 FSH (IU/l)

0.001 0.88 ± 0.44 1.97 ± 2.06 LH/FSH ratio ≥2.5

0.001 97.56±14.12 99.16±17.76 FBS (mg/dl)

Note: Values are presented by mean ± SD. P-values obtained from difference between means 
were tested for significance by one way ANOVA on ranks. 
PCOS: polycystic ovarian syndrome; AMH: anti-mullerian hormone; BMI: body mass index; LH: 
luteizing Hormone; FSH: follicle stimulating hormone; FBS: fasting blood sugar.

Table 2. Comparison of study variables in four PCOS phenotypes

p-value Phenotype D (n = 50) Phenotype C (n = 50) Phenotype B (n = 50) Phenotype A (n = 50) Variables

NS 27.20 ± 6.13 28.12 ± 4.81 29.44 ± 4.57 27.98 ± 5.71 Women’s age (years)

NS 5.28 ± 4.04 6.00 ± 3.91 6.08 ± 3.40 5.90 ± 3.80 Infertility duration (years)

NS 19.97 ± 9.33 20.54 ± 9.53 20.92 ± 9.43 20.97 ± 8.80 Vit D3 (ng/mL)

0.001 9.71 ± 5.39b 8.53 ± 3.33 7.13 ± 2.35a, b 9.43 ± 4.19a AMH (ng/ml)

NS 28.27 ± 4.30 28.44 ± 3.57 28.43 ± 3.03 29.00 ± 2.75 BMI (kg/m2)

0.01 8.54 ± 5.46d 7.61 ± 5.07c 9.26 ± 4.87 11.14 ± 6.12c, d LH (IU/l)

NS 5.39 ± 2.26 5.19 ± 1.88e 5.94 ± 2.62e 5.16 ± 1.97 FSH (IU/l)

NS 2.16 ± 3.48 1.52 ± 1.06 1.73 ± 0.92 2.41 ± 1.66 LH/FSH ratio

0.01 98.04 ± 10.66 102.30 ± 21.85 91.86 ± 12.85 98.52 ± 16.73 FBS (mg/dl)

0.001 0.56 ± 0.28f 0.75 ± 0.41 0.94 ± 0.35 0.91 ± 0.38f Testosterone (IU/l)

Note: values are presented by mean ± SD. P-values obtained from difference between means were tested for significance by one way ANOVA on ranks. Different letters indicate statistical difference 
for comparisons between PCOS phenotypes. a: Significant between A and B phenotypes. b: Significant between B and D phenotypes. c: Significant between A and C phenotypes. d: Significant between 
A and D phenotypes. e: Significant between B and C phenotypes. f: Significant between A and D phenotypes.
AMH: anti-mullerian hormone; BMI: body mass index; LH: luteizing hormone; FSH: follicle stimulating hormone; FBS: fasting blood sugar.

the four phenotypes. Significant differences of the 
parameters and the results of the comparison between 
the PCOS phenotypes pair ways showed by letters. 
Significant differences were observed between A and 
B phenotypes (P-Value = 0.02) in terms of AMH. In 
addition, LH was significantly different between A and 
C phenotypes (P-Value = 0.007), and also between A 
and D phenotypes (P-Value = 0.08). There was also a 
significant difference between B and C phenotypes in 
terms of the FBS parameter (P-Value = 0.008) (Table 2). 
The analysis results of comparison between vitamin D 
levels in associate with PCOS variables showed that 
there was no significant difference between the serum 
vitamin D level and the study parameters (Table 3).

DISCUSSION 

This study focused on the serum vitamin D level and 
the prevalence of vitamin D deficiency in patients with 
different phenotype of PCOS. The results showed a 
significant difference in the total serum vitamin D level 
and the occurrence of vitamin D deficiency between 
women with PCOS and the controls. However, there 
was no significant difference in the serum vitamin D 
level among various PCOS phenotypes.

Since a great deal of evidence verifies that vitamin 
D plays an essential role in reproductive activities, all 
patients in the present study were infertile (13). Studies 
have verified the presence of the receptors of vitamin 
D in many tissues and in the reproductive system, 
including ovaries, the endometrium, and the placenta 
(14). It has been proved that the vitamin D deficiency 
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Table 3. Comparison between vitamin D levels in associate with PCOS variables

p-value
Toxicity level  
(>100 ng/mL)  

(n = 0)

Sufficiency  
(30 to 100 ng/mL)  

(n = 74)

Insufficient  
(20 to <30 ng/mL)  

(n = 99)

Deficiency  
(<20 ng/mL)  

(n = 27)
Variables

NS - 28.04 ± 5.10 28.30 ± 5.91 28.15 ± 3.93 Women’s age (years)

NS - 5.36 ± 3.58 6.30 ± 5.82 5.26 ± 4.07 Infertility duration (years)

NS - 8.61 ± 4.08 8.73 ± 3.80 8.84 ± 5.09 AMH (ng/mL)

NS - 28.22 ± 2.86 28.76 ± 3.21 28.57 ± 5.35 BMI (kg/m2)

NS - 8.74 ± 5.57 9.06 ± 5.41 10.51 ± 5.73 LH (IU/l)

NS - 5.29 ± 2.09 5.44 ± 2.35 5.68 ± 2.22 FSH (IU/l)

NS - 1.80 ± 1.14 2.09 ± 2.70 2.02 ± 1.20 LH/FSH ratio

NS - 98.68 ± 12.91 97.05 ± 17.58 97.26 ± 20.59 FBS (mg/dL)

NS - 0.85 ± 0.39 0.77 ± 0.36 0.71 ± 0.44 Testosterone (IU/l)

Note: values are presented by mean ± SD. P-values obtained from difference between means were tested for significance by one way ANOVA on ranks. 
AMH: anti-mullerian hormone; BMI: body mass index; LH: luteizing hormone; FSH: follicle stimulating hormone; FBS: fasting blood sugar.

is related to calcium dysregulation. This condition is 
responsible for the increase in the follicular arrest and 
results in menstrual and fertility disorders in women 
with PCOS (12).

Consistent with the findings of the present study, Wehr 
and cols. (15) reported that the serum vitamin D level in 
women with PCOS (n = 545) was lower than that of the 
control group (n = 145), being 25.7 and 32 ng/mL, 
respectively. A substantial number of studies suggest that 
serum vitamin D levels are similar in women with and 
without PCOS (16-18). In the search for the correlation 
between vitamin D and PCOS, only one study was found 
that reported women with PCOS had a significantly 
higher serum vitamin D level than the control women, 
with the similar age and BMI (19). Thus, there are varied 
findings in the literature about serum vitamin D levels in 
women with and without PCOS. 

Newly Davis and cols. in 2018 published a paper 
and evaluated vitamin D level in all PCOS cases 
and male infertility as control group in intrauterine 
insemination (IUI) cycles. They reported in androgen 
excess patients level of vitamin D was lower than other 
PCOS phenotypes (12). This finding was in contrast 
to our result however they don’t show the androgen 
level to find androgen excess but we presented 
testosterone level as androgen in 4 phenotypes. In our 
results androgen level in patients who had vitamin D 
deficiency was lower than other categories of vitamin D 
however this difference was not statistically significant 
(Table 3). Also we presented fertility hormones level in 
4 phenotypes and this was the strengths of the study.

Kim and cols. reported that in PCOS patients with 
vitamin D deficiency, a 2-month treatment with 1500 
mg calcium on a daily basis and 50,000 units of vitamin 
D on a weekly basis improved menstrual cycles in 7 out 
of 9 cases (18). In the same vein, some other studies 
reported that the serum vitamin D level was negatively 
correlated with BMI, body fat, insulin resistance, 
and hyperinsulinemia; they also reported a negative 
correlation between the serum vitamin D level and 
metabolic disorders in PCOS patients (20-22).

Research has found a correlation between PCOS 
and other metabolic problems, including high blood 
pressure, depression and anxiety, dyslipidemia, and 
chronic inflammation. It has also been verified that 
metabolic disorders are common in women with PCOS 
(23). Hang Wun and cols., in their study, stated that 
vitamin D deficiency was highly prevalent in women 
with PCOS in Scotland, with this rate having been 
higher than that of ovulatory control women and the 
general UK population. They also demonstrated that 
vitamin D deficiency in PCOS women was correlated 
with metabolic risk factors, including insulin resistance 
and low HDL-C levels, independent of obesity 
measures (17). 

Although we did not find any study evaluating 
the serum vitamin D level in different phenotypes of 
PCOS in the literature review of the present study, 
there were some studies that evaluated the correlation 
between PCOS and clinical manifestations. In their 
study, Reza Ghadimi and cols. concluded that 
although hypovitaminosis D was common in PCOS 
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patients, it did not correlate with the clinical features 
or complications of obesity and insulin resistance. 
However, it was established that in PCOS patients, there 
was a correlation between the severity of vitamin-D 
deficiency and some features and complications of 
PCOS, including obesity and insulin resistance (24).

Vakili and cols. conducted a study on 260 PCOS 
women (cases) and 221 normo-ovulatory women 
(controls), who were recruited from a reproductive 
endocrinology clinic. They classified the cases into the 
two groups of severe and mild PCOS phenotypes, based 
on their clinical and para-clinical features. The adenosine 
to guanine single nucleotide polymorphismn of the 
VDR gene (rs757343) was genotyped using the PCR–
RFLP method. They reported that the distribution 
of genotypes and alleles did not change between 
the cases and the controls, indicating that the single 
nucleotide polymorphism (SNP) was not correlated 
with the increased risk of PCOS. However, the SNP 
was responsible for the severity of PCOS phenotypes. 
In cases that an allele was present, the risk of a severe 
phenotype was by 74% higher than in other patients 
(OR, 1.74; 95% CI, 1.07–2.82). They also showed that 
the genetic variant of the VDR was correlated with the 
severity of the clinical appearance of PCOS, but not with 
the chance of PCOS occurrence (25). In a genetic study 
by Dasgupta and cols. they evaluated the correlation 
between VDR and PCOS in Indian patients. They 
found a significant correlation between the genotypes 
of VDR and some PCOS manifestations (26). 

In conclusion, we did not find any significant 
differences in vitamin D level among different 
phenotypes of PCOS. Further studies with larger samples 
size are recommended to conclusively establish the role 
of serum vitamin D level on PCOS patients, particularly 
including data PCOS phenotypes. This study was 
retrospective and this was the first limitation of study 
and Insulin resistance and metabolic abnormalities have 
been associated with vit D deficiency in PCOS and the 
lack of these data in the manuscript was the limitation 
of the study.
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ABSTRACT
Objective: We aimed to identify the frequency of monogenic diabetes, which is poorly studied 
in multiethnic populations, due to GCK or HNF1A mutations in patients with suggestive clinical 
characteristics from the Brazilian population, as well as investigate if the MODY probability calculator 
(MPC) could help patients with their selection. Subjects and methods: Inclusion criteria were patients 
with DM diagnosed before 35 years; body mass index < 30 kg/m2; negative autoantibodies; and family 
history of DM in two or more generations. We sequenced HNF1A in 27 patients and GCK in seven 
subjects with asymptomatic mild fasting hyperglycemia. In addition, we calculated MODY probability 
with MPC. Results: We identified 11 mutations in 34 patients (32.3%). We found three novel mutations. 
In the GCK group, six cases had mutations (85.7%), and their MODY probability on MPC was higher 
than 50%. In the HNF1A group, five of 27 individuals had mutations (18.5%). The MPC was higher 
than 75% in 11 subjects (including all five cases with HNF1A mutations). Conclusion: Approximately 
one third of the studied patients have GCK or HNF1A mutations. Inclusion criteria included efficiency 
in detecting patients with GCK mutations but not for HNF1A mutations (< 20%). MPC was helpful in 
narrowing the number of candidates for HNF1A screening. Arch Endocrinol Metab. 2020;64(1):17-23
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INTRODUCTION

The frequency of monogenic diabetes mellitus 
(DM) has been underestimated in various 

populations (1). Most cases are caused by mutations 
in GCK [glucokinase gene] (GCK MODY [maturity 
onset diabetes of the young]) or HNF1A [hepatocyte 
nuclear factor 1-alpha gene] (HNF1A MODY) 
(2). Their molecular diagnosis is expensive but 
promotes the improvement of genetic counseling and 
treatment (3). Strategies to select the ideal subjects 
to screen for monogenic DM (MDM) in different 
populations are necessary to establish cost-effective 
diagnostic algorithms.

Different authors have developed clinical criteria 
for MODY screening based on age, family history and 
clinical characteristics (4,5). Although their use appears 
to be cost-effective (6), there is a concern that the 
screening based on clinical criteria would either miss 
part of the affected patients or still result in an excessive 
number of genetic tests (7). Therefore, authors have 
pursued optimal strategies for selecting patients. Shields 
and cols. developed a clinical prediction model that 
generates a probability of MODY (8) and shows good 
discrimination between MDM and type 1 (T1DM) or 
type 2 DM (T2DM) in European patients diagnosed 
under 35 years. The performance of this calculator in 
non-Caucasians is unknown. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

18

How to identify multiethnic MODY mutations?

Arch Endocrinol Metab. 2020;64/1

The Brazilian population is very diverse and 
comprises individuals from multiple ethnic backgrounds, 
especially Caucasoid and Afro-descendants. There 
are scarce data about the prevalence of MDM and its 
optimal screening strategy in this setting. Our aim in 
this study was to estimate the frequency of MDM due to 
GCK or HNF1A mutations in patients with suggestive 
clinical characteristics and to investigate if the MODY 
probability calculator (MPC) could improve patient 
detection in this population (8,9).

SUBJECTS AND METHODS 

In this cross-sectional observational study, we selected 
patients clinically defined with monogenic diabetes 
from two specialized centers in Rio de Janeiro, between 
March 2012 and June 2015. MODY screening is not 
part of the routine laboratory panel of either center. We 
analyzed thirty-four unrelated probands from Brazilian 
families for mutations in GCK and HNF1A. 

The inclusion criteria were age of DM diagnosis ≤ 
35 years, body mass index (BMI) ≤ 30 kg/m2 or 95th 
percentile at onset, negative anti-glutamic decarboxylase 
antibody (anti-GAD) and anti-islet antigen 2 antibody 
(anti-IA2) antibodies and family history of diabetes in 
at least two generations, excluding the generation of the 
index case, and/or two or more first-degree relatives 
at the same side of the family. We excluded patients 
with T1DM; past diabetic ketoacidosis; clinical signs 
of insulin resistance (acanthosis nigricans, increased 
abdominal circumference and obesity); and secondary 
causes of diabetes.

The Ethics and Research Committee of the 
Clementino Fraga Filho University Hospital and State 
institute of Diabetes and Endocrinology of Rio de 
Janeiro approved this study protocol. We informed all 
participants about the aim of this study and provided 
verbal and written consent.

We calculated the positive predictive value (PPV) 
for MODY based on the MPC for each patient (8) and 
divided the patients into two groups. The GCK group 
included patients with fasting hyperglycemia (100-154 
mg/dL); increased glycaemia after 75 g anhydrous 
dextrose <54 mg/dL and HbA1c < 7.5% (58 mmol/
mol); and evolutionarily stable disease (even without 
antidiabetic drugs), most often asymptomatic and with 
hyperglycemia since birth (10). The HNF1A group 
included all other cases that met the inclusion criteria 
and that did not have the profile for the GCK group. 

We isolated genomic DNA from peripheral blood 
leukocytes using QIAamp DNA Blood Mini Kit 
(Qiagen, Hilden, Germany). Also, we purified PCR 
products using Clean Sweep PCR Purification Reagent 
(Applied Biosystems, Vilnius, Lithuania). Then, we 
performed screening of the entire coding sequence 
of GCK and HNF1A genes through bidirectional 
Sanger sequencing using the Big Dye Terminator 
Kit v3.1 (Applied  Biosystems, Austin,  TX, USA), 
conducted on an ABI 3130 Automatic Genetic Analyzer 
(Applied  Biosystems). Primers sequences are available 
upon request. We confirmed all mutations by bidirectional 
sequencing of a second PCR reaction. Then, we estimated 
the serum levels of anti-GAD and anti-IA2 antibodies 
by means of an enzyme-linked immunosorbent assay 
method (ELISA) using a EUROIMMUN kit.

We checked the variants identified against public 
Databases PubMed, Clinvar, dbSNP (https://www.
ncbi.nlm.nih.gov/), Human Genome Mutation 
Database (HGMD®) (http://www.hgmd.cf.ac.uk/
ac/), ExAC Browser (http://exac.broadinstitute.
org), GnomAD (http://gnomad.broadinstitute.
org/) and 1000 Genomes project database (http://
www.internationalgenome.org/) to investigate their 
previous identification in the literature. We performed 
functional analyses using Mutation Taster (http://
www.mutationtaster.org) (11-13). 

We evaluated the differences between patients 
with mutations and others with Student’s t-test and 
chi-square tests. In addition, we performed statistical 
analysis using SPSS software (version 22.0).

RESULTS

Characteristics of the study group

We included 34 individuals (61.7% females) with 
a mean age of DM diagnosis and a duration of 19.8 
± 8.8 and 14.6 ± 9.9 years, respectively, as well as a 
mean BMI of 22.8 ± 3.2 kg/m2. 55.8% used insulin, 
and 41.2% used oral antidiabetic drugs (OAD). Their 
previous DM classifications included the following: 
non-classified in 38.2%, T1DM in 35.3%, T2DM in 
23.5% and gestational diabetes (GDM) in 3%. Patients 
in the GCK (n = 7) and HNF1A (n = 27) groups had 
similar age at onset (16.1 ± 7.8 vs 20.8 ± 9.0 years; p = 
0.286), diabetes duration (9.88.8 vs 15.4 ± 10.1 years; 
p = 0.82) or BMI (20.6 ± 4.0 vs 23.3 ± 2.8; p = 0.143). 

None of the patients in the GCK group used 
insulin, and one used OAD. Most patients (70.3%) in 
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the HNFA group used insulin (mean dose: 0.9 ± 0.4 
UI/kg/day), and 48.1% used OAD.

Genetic tests

We found MODY mutations (GCK or HNF1A) in 11 
patients (32.3%). Fifty per cent of patients with non-
classified DM had mutations in GCK or HNF1A. We 
fond mutations in 16.6% of those previously classified 
as T1DM and in none classified as T2DM. The only 
patient classified as GDM had a GCK mutation.

In the GCK-suspicious group, six cases had 
mutations (85.7%): Five were missense mutations: 
p.Tyr61Asp (c.181T>G; novel); p.Arg191Trp 
(c.571C>T); p.Thr228Met (c.683C>T); p.Ala384Val 
(c.1151C>T); p.Gly227Asp (c.680G>A); and one 
in-frame deletion p.Phe150del (c.449_451delTCT). 
We tested the patient in this group without the GCK 
mutation for HNF1A, and we found no mutations.

In the MODY-HNF1A-suspicious group, we 
found five mutations (5/27-18.5%); three missense 

substitutions: p.Gly31Asp (c.92G>A), p.Val133Glu 
(c.398T>A; novel) and p.Trp165Arg (c.493T>C); 
one nonsense mutation: p.Arg171Ter (c.511C>T); 
and one frameshift insertion: p.Thr433Hisfs*116 
(c.1296_1297insC; (novel). Patients with HNF1A 
mutations used insulin less frequently than others. 
Those who used insulin reported a lower insulin 
dose/kg (Table 1). Other characteristics of those with 
or without HNF1A mutations are shown in Table 1. 

Among the 11 mutations, eight had already been 
described, and three were novel mutations. The mutation 
p.Tyr61Asp (c.181T>G), found in exon 2 of the GCK 
gene of one patient, is a missense mutation classified as 
pathogenic. The other two novel mutations occurred in the 
HNF1A gene (exons 2 and 6). We considered the missense 
mutation p.Val133Glu (c.398T>A) and the frameshift 
insertion p.Thr433Hisfs*116 (c.1296_1297insC) 
pathogenic because they alter the codon reading frame 
due to the insertion of a nucleotide (Table 2).

Table 1. Clinical characteristics of patients according to mutations in the HNF1A gene

Mutation
p

Present (n = 5) Absent (n = 22)

Sex      

Female 1 (20%) 15 (68.2%) 0.048

Male 4 (80%) 7 (31.8%)

Age of diagnosis (years) 17.6 ± 6.8 21.5 ± 9.4 0.237

BMI* (kg/m2) 22.08 ± 3.73 23.6 ± 2.6 0.154

Insulin use 1 (20%) 18 (81.8%) 0.006

OAD** use 3 (60%) 10 (45.4%) 0.557

Affected generations      

1 0 5 (22.7%) 0.054

2 or more 5 (100%) 17 (77.3%)

Age of diagnosis/grade      

Childhood 0 3 (13.6%) 0.323

Adolescence 3 (60%) 6 (27.3%)

Adult 2 (40%) 13 (59.1%)

Diabetes presentation     0.583

Insidious 1 (20%) 3 (13.6%)  

Abrupt# 4 (80%) 19 (82.6%)  

Diabetes Duration (years) 8.6 ± 7.06 16.95 ± 10.13 0.432

MODY probability (PPV) 75.5 ± 0.0 35.7 ± 30.9 < 0.001

Mean insulin dose per kg of weight (units/kg) 0.37 0.9 ± 0.37 -

Note: Quantitative variables are presented as mean and standard deviation. Categorical variables are presented as total number (n) and percentage (%). The age groups used included the following: 
childhood, 0-9 years, adolescence, 10-19 years and adult, over 20 years (17).
* BMI: body mass index; ** OAD: oral anti diabetic drug; # Symptoms of insulinopenia such as polyuria, polydipsia and weight loss.
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Table 2. Mutations identified in this study

Gene Exon Patient Change in 
protein Change in DNA Consequence SIFT 

prediction 
SIFT 
score Polyphen Mutation Taster 

prob. ClinVar Reference

GCK 2 P40 p.Tyr61Asp c.181T>G Missense Deleterious 0
Probably 
harmful

0.999999998323156 NA
This study, 

novel

4 P1 p.Phe150del c.449_451delTCT
In-frame 
deletion

NA NA NA 0.999999999980624 NA
Massa and 
cols., 2001

5 P7 p.Arg191Trp c.571C>T Missense Deleterious 0
Probably 
harmful

0.999999947468603 Pathogenic
Ellard and 

cols., 2000

7 P29 p.Gly227Asp c.680G>A Missense Deleterious 0
Probably 
damaging

0.999999999998095 NA
Domínguez-
López and 
cols., 2013

7 P9 p.Thr228Met c.683C>T Missense Deleterious 0
Possibly 
harmful

0.99999999999911 Pathogenic
Stoffel and 
cols., 1992

9 P32 p.Ala384Val c.1151C>T Missense Tolerated 0.06
Possibly 
harmful

0.999999998673333
Uncertain 
meaning

Costantini 
and cols., 

2014

HNF1A 1 P4 p.Gly31Asp c.92G>A Missense Tolerated 0.29
Possibly 
harmful

0.995035768629034 Pathogenic
Chèvre and 
cols., 1998

2 P28 p.Val133Glu c.398T>A Missense Deleterious 0
Possibly 
harmful

0.999999999738075 NA
This study, 

novel

2 P13 p.Trp165Arg c.493T>C Missense Deleterious 0
Possibly 
harmful

0.999999998737327 NA
Tatsi and 

cols., 2013

2 P37 p.Arg171Ter c.511C>T Nonsense NA NA NA 1 Pathogenic
Vaxillaire 
and cols., 

1999

6 P5 p.Thr433Hisfs*116 c.1296_1297insC
Frameshift-

insertion
NA NA NA 1 NA

This study, 
novel

NA: not applicable; prob: probability of causing disease.

We recruited the family of all three probands with 
novel mutations, as presented in the pedigrees (Figure 1). 
We recruited four family members of the patient with the 
p.Tyr61Asp mutation in GCK. Then, we tested all four 
individuals with diabetes. The brother and sister had the 
same p.Tyr61Asp mutation, and we observed that it was 
inherited from the mother with diabetes. The father with 
recent onset DM (after 50 years of age) did not have the 
mutation. We recruited the mother with DM of the patient 
with the mutation p.Thr433Hisfs*116. She also had the 
same mutation. Four family members of the patient (three 
sisters and the mother) with the mutation p.Val133Glu in 
HNF1A were recruited. The only sister with diabetes also 
had the same mutation of the patient, and they inherited 
the mutation from their healthy mother. We believe it 
may be a case of incomplete penetrance uncommon with 
HNF1A mutations but already observed by other authors 
(14,15). In addition, the mutation p.Val133Glu was 
absent in the two healthy sisters. 

MODY probability calculator

In the sample as a whole, 61.8% of patients (n = 21) 
had PPV > 50%, and 50% (n = 17) had PPV > 75%, 

according to the MPC. In those with PPV > 50%, 
47.6% had mutations, and in those with PPV > 75%, 
52.9% had mutations.

HNF1A group

The probability of MODY, according to MPC, was ≥ 
50% in 14 patients (51.8%) and ≥ 75% in 11 patients 
(40.7%). All five patients in the HNF1A group with 
mutations had PPV for MODY ≥75% (Table 1). We 
found a mutation in 5/11 (45%) patients with PPV 
≥75% and in 5/14 (35.71%) of those with PPV ≥ 50%. 

GCK group

Six patients had PPV ≥ 75%, and 1 had PPV between 
50 and 75%. We detected GCK mutations in 5 patients 
with PPV ≥ 75% and in patients with PPV between 50 
and 75%, but not in 1 individual with PPV ≥75%.

DISCUSSION

In this study, we identified patients with phenotypes 
suggestive of MDM and performed mutation screening for 
GCK and HNF1A genes. We found mutations in 32.3%. 
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Figure 1. Pedigree and genotype of novel mutations. (A) Family 40 with the GCK p.Tyr61Asp (c.181T>G) in heterozygous state. K: allele T or G. (B) Family 
5 showing the novel insertion HNF1A p.Thr433Hisfs*116 (c.1296_1297insC). The blue arrow indicates where the insertion occurs. (C) Family 28 
presenting the HNF1A p.Val133Glu (c.398T>A). W: allele T or A. Filled symbols and empty symbols represent subjects with diabetes and healthy 
individuals, respectively. The present age of the individuals is show below the symbols in years, followed by age of diagnosis (AOD) in years and genotype 
interpretation. Genotypes are expressed by normal allele (N) and mutated allele (M); NT: Not tested. An arrow indicates the index case.
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Although a high frequency of mutations in these two genes 
have been reported in individuals with a clinical diagnosis 
of MDM from several populations, especially from 
Northern Europe (16,17), others (including Southern 
Europeans, Asians and Brazilians) have found a lower 
frequency of mutations, as true with our findings (18-21). 
In some populations, other types of diabetes might share 
clinical features with MDM more frequently than others. 
Alternatively, other genes implicated in the pathogenesis 
of MODY could be more frequent in these groups, such 
as HNF4A, insulin promoter factor-1 (IPF-1), HNF1B, 
NeuroD1 and others. In the other two studies with 
Brazilian cohorts (20,21), approximately 60% of patients 
with clinical suspicion of MDM did not have mutations in 
HNF1A, GCK or HNF4A genes, but we did not test other 
MODY genes. 

In those with mild fasting hyperglycemia, we found 
GCK mutations in 85.7%, which suggests a high 
sensitivity for the clinical criteria. The frequency of 
GCK mutations in this study was slightly higher than 
previously reported for most populations (42.4 to 61%), 
including Brazilians (21-23). We found mutations in 
HNF1A, the most common gene for non-GCK MDM, 
in 18.5%, which was much like the data obtained by 
Santana and coworkers in the Brazilian population but 
lower than reported in other populations (16-19,24). 
Therefore, the clinical criteria for the selection of 
patients for GCK testing seem to be adequate in most 
populations, including ours. Surprisingly, we found the 
opposite for non-GCK MODY. This suggests that an 
improvement in the clinical criteria to adequately select 
patients for screening is necessary or that, alternatively, 
other genes should also be investigated.

We have evaluated if MPC (8) could help identify 
a group of patients that would be more suitable for 
screening. All patients with HNF1A mutations had 
PPV > 75%. If we had selected only subjects above 
this cutoff, 60% of the patients would not have been 
tested. This strategy would make the screening more 
cost-effective. However, the frequency of mutations in 
other genes in patients with a clinical diagnosis of non-
GCK MODY is still not known for our population. It is 
possible that patients without HNF1A mutations could 
have alterations in other MODY genes, which would be 
overlooked with this strategy. 

In this study, a cutoff for MODY probability of 
> 75% and >62%, based on MPC, was found in all 
patients with HNF1A and GCK mutations, respectively. 
Although in UK the current pick-up rate for MODY 

testing is PPV > 25% (9), other authors have found a 
good specificity and negative predictive value in higher 
cutoff values (> 62.5%) for detecting MODY in non-
Caucasian population (25). Our findings suggest that 
higher cutoff values should be considered for MODY 
screening in non-Caucasian populations.

This study has some limitations. First, we included 
a limited number of patients. Secondly, we tested only 
two MODY genes for financial reasons. Additionally, 
we used only one methodology (Sanger sequencing) to 
investigate mutations. This method is unable to detect 
copy number variations, large deletions and duplications 
that can represent up to 3% of all genetic alterations of 
the GCK, HNF1A and HNF4A (26). Another concern 
is related to the absence of a control group. The selection 
of the studied population was done in a pragmatic 
way when the patient did not present clinical criteria 
of T1 or T2 DM. An additional potential limitation 
is the lack of C-peptide measurement as a screening 
tool for MODY. The strengths of our study included 
finding three novel mutations not previously reported 
and providing new information about the screening 
of monogenic diabetes in individuals with multiethnic 
backgrounds. For future studies, we aim to bypass these 
limitations and to perform functional genomic studies 
to confirm novel mutations as pathogenic ones. 

In conclusion, we investigated MODY mutations 
in patients with clinical features suggestive of MDM 
from a multiethnic background. Approximately one 
third of patients with clinical features suggestive of 
MDM from a multiethnic background had GCK 
or HNF1A mutations. While clinical criteria were 
efficient for detecting patients with GCK mutations, 
we found HNF1A mutations in less than 20% of the 
cases. Although MPC has not been validated for non-
Caucasians, its use as a screening tool for selecting 
patients to test for HNF1A mutations, using a cutoff 
of 75%, would reduce the number of tests in 60% and 
increase the percentage of positive cases to 45%. These 
data suggest that the use of the MPC could be a cost-
effective strategy for selecting patients to screening for 
non-GCK MODY mutations, but it is important to 
consider the possible role of non-HNF1A mutations in 
non-Caucasian populations such as ours.
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ABSTRACT
Objective: A large number of studies have used abdominal computed tomography (CT) to quantify 
body composition, and different software programmes have been used to perform these analyses. 
Thus, this comparison is important to enable researchers to know the performance of more accessible 
software. Subjects and methods: Fifty-four abdominal CT scans of obese (BMI 30 to 39.9 kg/m²), 
sedentary adults (24-41 years) patients from a Brazilian single center were selected. Two software 
programs were compared: Slice-O-Matic (Tomovision, Canada) version 5.0 and OsiriX version 5.8.5. 
The body composition analysis were segmented using standard Hounsfield unit (HU) (adipose tissue: 
-190 to +30 and skeletal muscle: -29 to +150) and measured at the mid third lumbar vertebra (L3) level 
on a slice showing both transversal processes. Bland-Altman limits of agreement analyses were 
used to assess the level of agreement between Slice-O-Matic and OsiriX. Results: A total of fifty-
four participants were evaluated, with majority women (69%), mean of age 31.3 (SD 6.5) years and 
obesity grade I most prevalent (74.1%). The agreement, in Bland-Altman analysis, between Slice-
O-Matic and OsiriX analisys for the muscle mass tissue, visceral adipose tissue and subcutaneous 
adipose tissue were excellent (≥ 0.954) with P-values < 0.001. Conclusion: These findings show that 
Slice-O-Matic and OsiriX softwares agreement in measurements of skeletal muscle and adipose 
tissue and sarcopenia diagnosis in obese patients, suggesting good applicability in studies with body 
composition in this population and clinical practice. Arch Endocrinol Metab. 2020;64(1):24-9
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INTRODUCTION

Obesity can be defined as a pathologic accumulation 
of body fat (1). It is associated with increased 

cardiovascular morbidity and mortality, due to a wide 
spectrum of prevalent metabolic, inflammatory and 
clotting abnormalities that can accelerate the process 
of atherosclerosis (2,3). Obesity is one of the most 
common diseases on a global scale. In 2010, overweight 
and obesity were estimated to cause 3.4 million deaths, 
3.9% of years of life lost, and 3.8% of disability-adjusted 
life-years worldwide (4). Although clinically defined as 
a Body Mass Index (BMI) ≥ 30 kg/m2 (5), a better 

characterization of obesity can be made evaluating body 
composition, especially body fat and muscle mass (6).

Among different adipose tissues, the visceral adipose 
tissue (VAT) has been recognized as the most related 
to several clinical and laboratoristic parameters of 
cardiovascular disease risk and the metabolic syndrome (7). 
Subcutaneous adipose tissue (SAT) does not appear to 
have the pro-inflammatory activity of VAT, but some 
studies did find an association between SAT – especially 
at abdominal level – and insulin resistance (IR) (8). So, 
over the last few decades, the evaluation and differential 
quantification of specific adipose tissue compartments in 
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the body has gained paramount importance. Computed 
tomography (CT) and magnetic resonance imaging 
(MRI) are considered to be the gold standard for measuring 
different adipose tissues, as well as skeletal muscle mass (9). 
The widespread use of these techniques, particularly 
MRI, is limited by their high cost, low availability, time 
requirements, and, for CT, X-ray exposure (10). 

A large number of studies have used abdominal 
CT to quantify body composition parameters in 
a variety of clinical situations, such as renal (11) 
and hepatic (12,13) disease, obesity (3) and cancer 
(14-16). Different software programmes have been 
used to perform these body composition analyses. It 
has been previously found that the software system 
used to analyze CT images can affect data analysis and 
interpretation (17). In the available literature, different 
software programs have been used to analyze body 
composition images by CT, such as Slice-O-Matic, Fat 
Seg, OsiriX (18) and NIH ImageJ (17). It is important 
that the comparability of these various software 
programmes should be known. However, only very 
few studies have looked into this comparison, and the 
different authors assessed different clinical situations 
and populations. It is known that body composition is 
influenced by health status and ethnicity (6); therefore, 
studies in specific populations may contribute to the 
comparison and validation of these software packages. 
Therefore, the aim of this study was to investigate 
the agreement of two different software packages for 
the assessment of body composition, specially cross-
sectional skeletal muscle and subcutaneous and visceral 
adipose tissue measurements on abdominal CT scans 
of obese individuals. Currently, Slice-O-Matic is the 
most used software for body composition analyses 
of CT scans, but your price is upper than all others 
commercially available softwares, as OsiriX. Thus, this 
comparison is important to enable researchers to know 
the performance of more accessible software. 

SUBJECTS AND METHODS

Subjects

Fifty-four abdominal CT scans of patients from a 
Brazilian single center – Hospital de Clínicas de 
Porto Alegre (Porto Alegre, RS, Brazil) – obtained 
between 2009 and 2011 were selected. Data for sample 
characterization were collected directly by researchers. 
All patients were obese adults (BMI 30 to 39.9 kg/m²), 

of both sexes, aged 22-41 years, sedentary, and not 
taking any drugs. The present study was conducted in 
accordance with the Declaration of Helsinki, and all 
procedures involving human subjects/patients were 
approved by the Ethics Committee of the Hospital de 
Clínicas de Porto Alegre (08-282). Written informed 
consent was obtained from all subjects. 

Anthropometric evaluation

Anthropometric measurements for sample 
characterization included body mass, height, waist 
and hip circumference. Height was measured with a 
fixed stadiometer (Tonelli Ltda., Brazil), with a 1 mm 
precision. Body weight was measured on a digital scale 
(MEA-03200; Plenna, Brazil) in light indoor clothes, 
without shoes. Waist circumference was measured 
with an inelastic tape measure (Sanny, Brazil), halfway 
between the last rib and the iliac crest. The nutritional 
status was classified by the BMI (kg/m2), according to 
standard cutoffs (5).

CT image analysis protocol – Skeletal muscle and 
adipose tissue area measurements

The SAT and VAT areas (cm2) were measured at the 
mid third lumbar vertebra (L3) level, on a single slice 
showing both transversal processes. The cross-sectional 
muscle area measurements included the following 
muscles: psoas, paraspinal, transverse abdominal, 
external oblique, internal oblique, and rectus abdominis. 
All abdominal CT scans were assessed on identical 
slices in a random order by three trained observers 
(G.O., I.M.G.R and E.R.B.), with great expertise on 
radiological anatomy and extensive experience in skeletal 
muscle and adipose tissue area measurements using 
software programmes. The observers were blinded for 
each other’s measurements and for patient details.

Two software programmes were compared: Slice-
O-Matic (Tomovision, Canada) and OsiriX. The 
CSMA, VAT, and SAT were segmented using standard 
Hounsfield unit (HU) thresholds in both software 
programmes. An intensity window between -30 and 
+150HU was used for skeletal muscle tissue. For 
adipose tissue, an intensity window between -190 and 
-30 HU was used. 

SliceOmatic analysis protocol

Slice-O-Matic (Tomovision, Canada) version 5.0 was 
used. Tissue was semi-automatically selected with 
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the ‘Region Growing’ mode using the ‘Grow 2D’ 
and ‘Paint’ tools. Non-skeletal muscle tissue regions 
adjacent to skeletal muscle having radiological density 
between the predefined HU thresholds were manually 
erased using the ‘Paint’ tool. Cutaneous tissue was 
included in the SAT measurement. A 3.2 GHz Intel® 
CoreTM i5 Dell personal computer was used.

OsiriX analyses protocol

The open-source 32-bit edition of OsiriX version 5.8.5 
was used. The ‘Grow Region (2D/3D Segmentation)’ 
tool was used to semi-automatically select skeletal 
muscle and adipose tissue regions within the chosen HU 
intensity thresholds. Non-skeletal muscle tissue regions 
adjacent to skeletal muscle were manually removed from 
the area selection using the brush option. The brush 
option was also used to manually erase intraluminal areas 
with contents having radiological densities between 
-190 and 30HU, resembling fat content. Cutaneous 
tissue was not included in the SAT measurement. The 
skeletal muscle and adipose tissue areas were computed 
automatically and expressed in square centimeter using 
a 1.3GHz Intel® Core™ i5 MacBook Air (Apple Inc., 
Cupertino, CA, USA) computer.

Statistical analysis

The Shapiro-Wilk test was used to verify data normality. 
Normally distributed data that were presented as mean 
and standard deviation. Data that were not normally 
distributed were expressed as median and interquartile 
amplitude. Independent samples t-test was used to 
compare differences between genders. Paired samples 
t-test (for normally distributed data) or Wilcoxon’s 
signed rank test were used to compare differences 
between the different software packages’ results. 
Intra-class correlation coefficient (ICCs – two-way 
mixed single measures model and absolute agreement) 
with 95% confidence interval was used to verify inter-
software agreement for the cross-sectional skeletal 
muscle estimation. The ICCs were interpreted as poor 
(0.00-0.49), fair to good (0.50-0.74), and excellent 
(0.75-1.00), as proposed by Shrout and Fleiss. Finally, 
Bland-Altman limits of agreement analyses were used 
to assess the level of agreement between Slice-O-Matic 
and OsiriX. All statistical analyses were carried out on 
SPSS version 21.0 for Windows (Statistical Package 
for Social Sciences, Chicago, IL, USA). The Jaccard 
similarity coefficient was used to verify the inter-software 

similarity of measurements (19). Initially, an overlap 
of two measurements was created by the calculation 
of the index of dissimilarity, according to formula: 

, where, ‘ai’ and ‘bi’ are each value 
of variables measures (i.e. each value of SliceOmatic 
and OsiriX), and ‘A’ e ‘B’ are the sum of all values of 
each variable (i.e sum of values of SliceOmatic and 
sum of values of OsiriX). Finally, the Jaccard similarity 
coefficient was defined as 1 – D (index of dissimilarity). 
A Jaccard similarity coefficient of 1 represents perfect 
overlap of two samples, whereas 0 represents no overlap.

RESULTS

Table 1 shows the anthropometric characterization of 
the sample. The majority of the sample were women 
(69%), with grade I obesity (74.1%). In line with the 
prevalence of obesity, high mean values were found for 
abdominal circumference, waist circumference and hip 
circumference, with differences between genders.

The agreements between Slice-O-Matic and 
OsiriX analisys for muscle tissue mass, visceral adipose 
tissue and subcutaneous adipose tissue were excellent  
(≥ 0.954) with P-values < 0.001. Additionally, the 
mean Jaccard similarity coefficients for the inter-
software were closely the perfect (Table 2). Figure 1 
shows the Bland-Altman 95% agreement plots, with 
the mean difference and 95% limits of agreement for 
the MMT, VAT, and SAT 7 between Slice-O-Matic 
and OsiriX analysis. The limits of agreement were 
-22.3 to 21.3 for MMT, -6.1 to 3.9 for VAT, and -13.2 
to 7.9 for SAT. In all plots, the limits include the mean 
difference between Slice-O-Matic and OsiriX analyses 
for all variables analyzed.

Table 1. Clinical and anthropometric patients characteristics (n = 54)

Variables Mean ± SD 

Age (years) 31.3 ± 6.5

Weight (kg) 94.3 ± 17.1

Height (m) 1.66 ± 0.1

Body Mass Index (kg/m2) 33.9 ± 3.7

Male (n = 17) Female (n = 37)

Abdominal circumference (cm) 112.6 ± 8.9 108.5 ± 6.6

Waist circumference (cm) 107.7 ± 7.4 96.1 ± 6.2*

Hip circumference (cm) 116.9 ± 6.2 121.4 ± 5.4

Waist-to-hip ratio (a.u.) 0.92 ± 0.05  0.79 ± 0.05*

* Paired t test (p < 0.05).
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Table 2. Mean cross-sectional skeletal muscle and adipose tissue measurements on abdominal and inter-software agreement (n=54)

Variables SliceOmatic OsiriX Mean difference 
(95% CI) P-value ICC (95% CI) Mean Jaccard Index

(range)

MMT (cm²) 155.2 ± 35.9 
(112.3; 239.8)

155.7 ± 36.8

(100.2; 241.0)

-0.5 (-3.6; 2.6) 0.967b 0.954 

(0.921 – 0.973)

0.990

(0.984-0.995)

VAT (cm²) 127.0 ± 56.8  
(42.4; 277.9)

128.0 ± 57.4

(44.6; 286.2)

-1.1 (-1.8; -0.4) 0.004a 0.999 

(0.998 – 0.999)

0.990

(0.978-0.997)

SAT (cm²) 388.3 ± 94.6 
(171.0; 630.6)

391.0 ± 97.0

(170.8; 644.5)

-2.7 (-4.1; -1.2) 0.001b 0.998 

(0.996 – 0.999)

0.990

(0.984-0.996)

Data expressed as mean ± standard deviation (minimum and maximum values); CI, confidence interval; ICC, Intra-class correlation coefficient. a paired sample t-test. b Wilcoxon’s signed rank test. 

MMT: muscle mass tissue; VAT: visceral adiposity tissue; SAT: subcutaneous adiposity tissue.

Figure 1. Bland-Altman 95% limits of agreement plots for the agreement between the SliceOmatic and OsiriX analysis for MMT (Panel A), VAT (Panel B), 
and SAT (Panel C). The continuous line is the mean of the difference and the dotted lines are the 95% limits of agreement. 
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Regarding the classification of low muscularity 
(MMT), there was an inter-software agreement 
(Cohen’s k) of 1.00 between Slice-O-Matic and OsiriX 
(P < 0.001). There was no difference in classification 
of individuals with and without sarcopenia between 
software programmes. According to the cut-off values 
used, Slice-O-Matic and OsiriX analysis diagnosed 
sarcopenia in the same 6 individuals (11.1%). All 
individuals that presented sarcopenia were male. 

DISCUSSION

Currently, CT is considered one of the most accurate 
methods for analyzing quantitative and qualitative 
changes in body composition, especially when 
investigating skeletal muscle mass and distinguishing 
adipose tissue in different body compartments (12,20). 
A dedicated computer software is required to quantify 
and determine components in different tissues. In our 
study, we found a strong correlation of muscle mass, 
visceral adipose tissue and subcutaneous adipose tissue 
as evaluated by Slice-O-Matic and OsiriX. To date, 
this is the second study to compare these softwares. 
Previously, van Vugt and cols. (18) had compared both 
these and other software packages, with similar results 

to our. However, they evaluated the performance of 
software in cancer patients, which have different body 
composition from the population evaluated in the 
present study. Irving and cols. (17) also observed good 
agreement between Slice-O-Matic and NIH Image J 
for analysis of adipose tissue and skeletal muscle mass, 
but they did not evaluate OsiriX. Thus, it is important 
to compare the performance of these software in 
different clinical situations and populations, since these 
characteristics can impact the body composition.

Since Mourtzakis and cols. (21) demonstrated 
that cross-sectional areas of fat and fat-free tissues 
at lumbar level measured on CT scanning correlate 
strongly with whole-body tissues, innumerous studies 
have been published with CT images of abdominal area 
quantifying body composition. The technique has found 
a potential clinical application in oncology, for research 
suggests that the technique may help identify patients 
at higher risk for chemoterapy toxicity (14,22-26) 
based on higher percentages of VAT or muscle mass 
depletion. Other diseases may benefit from the study 
of body composition by imaging. In obese persons, 
this may especially important, because of the many 
contributions of adipose tissue to the disease. Evaluation 
and quantification of adipose tissue are fundamental 
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in the field of body composition. Understanding 
body composition is crucial for understanding human 
metabolism and its alterations (27).

CT imaging has potential methodological 
limitations and patient-related limitations. An 
important patient-related limitation is the presence of 
ascites/end stage of liver diseases (28). Fluid in the 
abdominal cavity confounds the reading of Hounsfield 
units for each component of the body composition in 
Slice-O-Matic software, leading to an underestimation 
of adipose tissue. The main methodological limitation 
is the potential intra- and inter-observer variability. 
Lack of standardization, or careless conducting of the 
image obtaining procedures (with consequent loss of 
accuracy) must be minimized by thorough operator’s 
training and the observance of a proper fasting period 
before the examination. 

In the present study, was observed significant 
differences in VAT and SAT measurements between 
softwares. This could be due to the greater complexity 
of the measurement technique for VAT, that needs to 
be manually erased. In relation to SAT analysis, the 
difference could partly been explained by the fact that 
in OsiriX the cutaneous adipose tissue in not included in 
the SAT, in contrast to Slice-O-Matic (18). Due to the 
fact that every tissue of interest needs to be manually 
selected in OsiriX, in contrast to the other programmes 
in which methods of delineating or a painting brush 
can be used to select regions of interest, the use of 
OsiriX may produce different results in the analysis of 
body composition.

Since BMI has been shown to be an imprecise 
measurement of fat free mass and fat mass, body 
composition analysis with CT images presents great 
practical significance for some disease, especially when 
physicians routinely use CT for diagnosis and follow-
up of their patients. However, the heterogeneity of the 
populations evaluated, as well as the use of different 
softwares and scanning sites hampers the very definition 
of a “gold standard”.

It is important to highlight the drawbacks of the CT 
technique for the evaluation of body composition. CT 
is an expensive technique for the health system. The 
patient is exposed to X-ray radiation. It is estimated 
that 1.5%-2.0% of all cancers in the United States may 
be attributable to radiation from CT studies (29). 
Nevertheless, the exposure in this technique is only a 
fraction of the usual, since a single slice is used. Either 
software demands expertise in its use. Slice-O-Matic is 

more user-friendly, but it is not freely distributed and a 
paid, relatively expensive license is required. For a setting 
of limited funding like the Brazilian health system, this 
may represent a decisive characteristic. Additionally, 
these softwares present limitations about the operating 
systems: OsiriX is only compatible with Macintosh, 
while Slice-O-Matic is only compatible with Windows.

In conclusion, the findings suggest that the 
use of either software (Slice-O-Matic and OsiriX) 
package should to assess changes body composition. 
Thus, the decision about the use may be based on 
characteristics of each health system and the presence 
of technical expertise. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objectives: The aim of our study was to evaluate the survival rate of all thyroid carcinomas (TCs) 
diagnosed in the 1999–2015 period in the Republic of North Macedonia and to analyze the prognostic 
influence of several characteristics on development of distant metastases, as well as to analyze the 
prognostic effect of seven clinical and constitutional features on mortality. Material and methods: 
A retrospective analysis of medical data from all TCs diagnosed in 1999–2015 was performed. The 
survival rate of all types of TCs was estimated using the Kaplan Meier method. Univariate and 
multivariate logistic regression analysis was applied for evaluation of the predictive role of seven 
clinical and constitutional characteristics for development of distant metastases, and the univariate 
Cox-proportional model was applied for evaluation of the predictors for mortality. Results: A total 
of 422 TC cases were diagnosed in the 17-year period, with an average survival time of 212.99 
months. Results of the univariate regression analysis showed that dimension at initial ultrasound 
and histopathological type of tumor were significantly predictive variables for distant metastases. 
Multifocal tumors vs. unifocal tumors < 15 mm significantly increased the probability of distant 
metastases by 7.401 (p = 0.005, 95% CI = 1.817–30.190) times. Age, initial lymph node involvement, 
number of radioiodine therapies, and histopathology of the tumor were selected as independent 
significant predictors for mortality. Conclusion: Our results showed an excellent overall prognosis 
of thyroid tumors in the Macedonian population. The dimension of the tumor, multifocality, and 
histopathological type were the most relevant prognostic predictive features for development of 
distant metastases. Arch Endocrinol Metab. 2020;64(1):30-7
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INTRODUCTION

Thyroid carcinomas (TCs) usually arise from follicular 
epithelial cells. Less frequent are medullary TCs 

of neuroendocrine origin, and extremely rare are 
thyroid tumors of mesenchymal origin (1). Further 
classification taking into consideration genetic profiling 
is necessary (2). According to histopathological 
findings, there are three main groups of TCs: well-
differentiated (DTCs), poorly differentiated (PDTCs), 
and undifferentiated or anaplastic TCs (ATCs). DTCs 
are most prevalent, with papillary thyroid carcinoma 
(PTC) being the most frequent, followed by follicular 
thyroid carcinoma (FTC). Great diversity exists even in 

the PTC group, consisting of several subtypes according 
to distinct histopathological features, genetic molecular 
findings, aggressiveness, and prognosis (1-6). The most 
frequent are typical and follicular variants, but the most 
adverse are tall cell and diffuse sclerosing variants of 
PTC (5-8). FTC is the second most common TC, and 
according to the WHO classification is characterized by 
relatively well-differentiated cancer cells and absence of 
typical nuclear features of PTC (9-13). 

Since 2004, based on their features, PDTCs have 
been introduced into the WHO classification as a 
separate category (between DTCs and ATCs) (14,15). 
Undifferentiated or ATC is a rare form, represented by 
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1–2% of TCs, but characterized by aggressive biology. 
It accounts for 14–50% of all deaths in TC patients, 
with an average survival rate of 3–5 months, despite 
the use of available multimodality therapy (16). 
Clinical and constitutional findings are important 
for the initial risk stratification and prognosis, but 
dynamic risk stratification and reevaluation of the 
prognostic factors are also important during the 
follow-up period (17,18).

The objective of our study was to evaluate the 
survival rate of all TCs diagnosed in Republic of North 
Macedonia during the 1999–2015 period and to 
analyze the prognostic influence of seven parameters on 
development of distant metastases during the follow-up 
period, as well as to analyze the prognostic effect of 
seven clinical and constitutional features on mortality.

MATERIALS AND METHODS

A retrospective analysis was performed of the medical 
data of all TCs in the 1999–2015 period, diagnosed at 
the Institute of Pathophysiology and Nuclear Medicine 
in Skopje, as well as the Nuclear Medicine department 
at the Clinical Hospital in Bitola. These departments 
were the two main centers treating TC patients in 
our country during the evaluated period; hence, 
we believe that in the absence of a regional cancer 
registry, the presented number of TCs is the most 
precise and representative for the whole country. The 
two centers used the same therapy protocol and total 
and near total thyroidectomy was mostly applied in all 
differentiated TCs larger than 1 cm; iodine ablation 
and radioiodine therapies were performed according 
appropriate protocols (10). ATCs were further treated 
at the Oncology department, and medullary TCs were 
only surgically treated. Therapy with tyrosine kinase 
inhibitors was not available in our country for the 
evaluated period. We divided TC cases into five groups: 
(1) Carcinoma anaplasticum (ATC); (2) Carcinoma 
folliculare (FTC), including Hurthle cell carcinoma; (3) 
Carcinoma papillare (PTC); (4) Carcinoma medullare 
(MTC); and (5) mixed group of rare types of thyroid 
tumors (RTTs), such as tumors from mesenchymal 
origin lymphomas, sarcomas, and metastatic tumors in 
the thyroid. Cumulative proportional survival rate was 
analyzed using the Kaplan-Meier method for the entire 
sample of TCs and separately for the five distinct types. 

Statistical analysis was performed using SPSS, v.21.0 
for Windows. Data are expressed as percentages, mean, 

and standard deviation. Univariate and multivariate 
logistic regression analysis was performed for evaluation 
of the possible predictive role of seven clinical and 
constitutional characteristics for development of distant 
metastases. We evaluated the possible predictive role 
of gender, age, familial anamnesis, echogenicity of 
the primary tumor, dimension of the tumor at initial 
ultrasound (US), preoperative thyroid hormonal status, 
and histopathological type of the tumor. 

The univariate Cox-proportional model was applied 
for evaluation of the independent predictors for 
mortality. Seven clinical and constitutional variables 
were included: age at initial diagnosis, gender, presence 
of lymph node involvement at initial presentation, 
number of applied radioiodine therapies for 
differentiated TCs, total received dose of radioiodine 
only for differentiated TCs, period from surgery to 
radioiodine ablation, and histopathology type of the 
tumor. The level of significance was P < 0.05.

RESULTS

A total of 422 TC cases were diagnosed and treated 
in the 17-year period (1999–2015) at two main 
thyroid departments. From the total of 422 cases, 
histopathological findings and precise histopathological 
diagnosis of the tumor were well documented in 386 
(91.47%) cases, the most common being PTC with 307 
cases (79.5%), followed by FTC with 42 cases (10.9%), 
MTC with 16 (4.1%), ATC with 12 (3.1%), and other 
RTT with 9 (2.3%) cases. We found appropriate data 
for evaluation of distant metastases in half of the TC 
patients (218/422; 51.66%), of which 70 (32.11%) 
had metastatic disease (Table 1). 

Results of the univariate logistic regression 
analysis showed dimension of the tumor at initial US 

Table 1. Analysis of TC patients according to developed metastases

Metastatic status Number %

Without 148 67.88

Undefined 10 4.6

Skeletal 2 0.92

Lung 25 11.47

Skeletal and lung 2 0.92

Parotid gland 3 1.38

Neck lymph nodes 25 11.47

Local recurrence 3 1.38

Total 218 100
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examination and histopathological type of tumor to 
be significant predictive variables for distant metastases 
(Table 2). We found that a tumor dimension of 16–
50 mm vs. tumor < 15 mm (p < 0.05) significantly 
increased the probability of distant metastases by 6.154 
(p = 0.004, 95% CI = 1.762–21.489) times. Multifocal 
tumors vs. tumors < 15 mm (p < 0.05) significantly 
increased the probability of distant metastases by 7.401 
(p = 0.005, 95% CI = 1.817–30.190) times (Table 2). 

Analysis of histopathology results showed that FTC 
vs. PTC (p < 0.05) significantly increased the probability 
of distant metastases by 2.568 (p = 0.018, 95% CI = 
1.176–5.608) times (Table 2). 

All variables selected through univariate logistic 
regression analysis as significant predictors for 
development of distant metastases were analyzed using 

multiple logistic regression analysis (Table 3). The results 
obtained with this method confirmed the following 
independent predictors for metastatic disease: dimension 
of the tumor (16–50 mm, > 51 mm and multifocal) 
compared to tumors < 15 mm and histopathological 
type ATC vs. PTC (Table 3).

The mean survival time of all TC patients was 212.99 
(95% CI = 204.6–221.4) months (Figure 1). The mean 
survival time by histopathological type was as follows: for 
PTC, 223.07 (95% CI = 218.6–227.5) months; for FTC, 
161 (95% CI = 138.8–184.7) months; for MTC, 179 
(95% CI = 155.5–203.3) months; for RTT, 8.7 (95% CI 
= 3.3–14.0) months; and for ATC, 22.3 (95% CI = 10.2–
34.4) months. There was a significant difference between 
different histopathological types (p < 0.05) (log-rank/
Mantel-Cox: chi-square = 62.245; df = 4; p < 0.0001).

Table 2. Predictive role of seven variables and probability for distant metastases, univariate logistic regression analysis

Variable B S.E. Wald df Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

Gender – reference category/male

Female (0.655) 0.349 3.516 1 0.061 0.520 0.262 1.030

Age - reference category/≤45 years

>45 years (0.018) 0.291 0.004 1 0.951 0.982 0.555 1.738

Dimension of the tumor on US/< 15 mm

16-50 mm 1.817 0.638 8.111 1 0.004* 6.154 1.762 21.489

>51 mm 2.708 0.771 12.337 1 0.000* 15.000 3.310 67.978

Multifocal 2.002 0.717 7.803 1 0.005* 7.407 1.817 30.190

Echogenicity – reference category/hyperechogenic

Anechogenic (19.006) 14210.361 0.000 1 0.999 0.000 0.000 .

Hypoechogenic 1.759 1.092 2.593 1 0.107 5.806 0.682 49.406

Isoechogenic 2.197 1.269 2.997 1 0.083 9.000 0.748 108.310

Inhomogeneous 1.099 1.089 1.018 1 0.313 3.000 0.355 25.339

Familial anamnesis – reference category/no

Positive (0.376) 0.375 1.003 1 0.316 0.687 0.329 1.433

Hormonal status – reference category/euthyroid

Hypothyroid (20.321) 40192.970 0.000 1 1.000 0.000 0.000 .

Hyperthyroid 0.323 0.657 0.241 1 0.623 1.381 0.381 5.009

Subclinical hyper. 0.372 0.757 0.241 1 0.623 1.450 0.329 6.390

Subclinical hypo. (0.322) 0.687 0.219 1 0.640 0.725 0.188 2.789

Histopathological type - reference category/PTC

FTC 0.943 0.399 5.600 1 0.018* 2.568 1.176 5.608

MTC (20.195) 17974.843 0.000 1 0.999 0.000 0.000 .

RTT 22.211 40192.970 0.000 1 1.000 44.644 0.000 .

ATC 2.617 1.109 5.570 1 0.018* 13.696 1.558 120.361

Dependent variable – distant metastases. * Significant for p < 0.05.
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Table 3. Multiple logistic regression analysis of predictors for distant metastases

Variable B S.E. Wald Df Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

Dimension of the tumor on US/< 15 mm

16-50 mm 1.492 0.650 5.268 1 0.022* 4.447 1.244 15.905

> 51 mm 2.637 0.802 10.817 1 0.001* 13.966 2.902 67.210

Multifocal 1.984 0.718 7.626 1 0.006* 7.271 1.779 29.723

Histopathological type – reference category/ PTC

FTC 0.527 0.503 1.098 1 0.295 1.694 0.632 4.544

MTC (20.269) 19039.427 0.000 1 0.999 0.000 0.000 .

RTT 22.211 40192.970 0.000 1 1.000 44.644 0.000 .

ATC 2.729 1.127 5.865 1 .015* 15.310 1.682 139.324

Dependent variable – distant metastases. * Significant for p < 0.05.

Figure 1. Overall survival in patients with TCs according to histopathological 
types.
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Table 4. Analysis of survival rate according to different histopathological 
types of TC

Histopathological 
types of TC

Mean

Estimation 
(months)

Std. 
Error

95% confidence interval

Lower 
bound

Upper 
bound

PTC 223.068 2.255 218.648 227.488

FTC 161.768 11.713 138.810 184.726

MTC 179.400 12.173 155.541 203.259

RTT 8.667 2.722 3.332 14.001

ATC 22.333 6.183 10.214 34.453

For all types 212.993 4.267 204.630 221.356

The worst prognosis was observed in the mixed 
group consisting of other RTTs, with a survival time 
longer than 10 months in 67% of patients, while only 
58% of ATC patients survived more than 25 months 
(Table 4). 

Four parameters (age, lymph node involvement at 
initial presentation, number of radioiodine therapies, 
and histopathological type of the tumor) were selected 
through the Cox-proportional model as independent 
significant predictors for mortality (Table 5). Age > 
45 significantly increased likelihood of death events 
by 42.9%/month (Cox-proportional model: Exp (B) 
(HR) = 8.429 [p = 0.005, 95% CI = 1.933–36.759]) 

(p < 0.05). Neck lymph node metastases at initial 
examination of the patients also significantly increased 
probability of death events by 46.7%/months (Cox-
proportional model: Exp (B) (HR) = 3.467 [p = 0.009, 
95% CI = 1.368–8.787]) (Table 5). 

DISCUSSION

Our analysis revealed 422 cases of TCs in the period 
of 17 years in the total population of 2,020,157, or a 
1.22/105 prevalence rate of TCs, in the Republic of 
North Macedonia. We evaluated seven parameters to 
understand the possible implications in their predictive 
role for development of distant metastases and mortality 
of TCs in the Macedonian population over the analyzed 
period. The average survival time for all TCs for the 
Macedonian population was 212.99 months, with the 
longest average survival time for PTC. Ninety-eight 
percent of patients with PTC survived longer than 16 
years; similar findings were presented in the study of Ito 
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Table 5. Univariate Cox Proportional model in evaluation of seven parameters as predictors for mortality

Variables B S.E. Wald Df Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

Gender – reference category/ male

Female (.234) 0.567 0.170 1 0.680 0.791 0.260 2.406

Age - reference category / ≤45 years

>45 years 2.132 0.751 8.048 1 0.005* 8.429 1.933 36.759

Initial lymph node involvement- reference category / absent

Present 1.243 0.474 6.870 1 0.009* 3.467 1.368 8.787

Number of radioiodine therapies (RAI) 

Number of RAI 0.257 0.063 16.563 1 0.000* 1.293 1.142 1.463

Total dose of RAI therapy

Total dose (0.001) 0.003 0.165 1 0.685 0.999 0.993 1.005

Period from operation till radioiodine ablative therapy 

Months (0.067) 0.103 0.429 1 0.513 0.935 0.765 1.143

Histopathological type of TC - reference category / Ca papillare

FTC 1.866 0.638 8.557 1 0.003* 6.462 1.851 22.557

MTC 1.418 1.097 1.669 1 0.196 4.127 0.480 35.458

RTT 3.720 1.128 10.885 1 0.0001* 41.267 4.527 376.172

ATC 3.694 0.755 23.964 1 0.000* 40.224 9.164 176.559

Dependent variable – alive/dead. * Significant for p < 0.05.

Y and cols. (19,20). On the other hand, only 59% of 
FTC patients survived longer than 13 years; the average 
survival time for FTC patients was 161 months. Ninety-
four percent of patients with MTC survived longer than 
12 years, which is similar to the findings in the literature 
(10,21-24). Differences were detected in the survival 
of ATC group of patients, because our results showed a 
longer average survival of 22.3 months (95% CI = 10.2–
34.4), compared to the average survival of 6 months 
reported in the literature (10). In the study of Nachalon 
Y and cols., the outcome of ATC patients varied greatly 
depending on the type of selected treatment, whether 
it was radiotherapy, chemotherapy protocol, palliative 
surgery alone, or combined therapy (10,25). 

Our results from multiple logistic regression 
analyses revealed a significant association of dimension 
and histopathological type of tumor as independent 
predictors for appearance of metastases. Tumors with 
a dimension of 15–50 mm, > 51 mm, and multifocal 
tumors were more often associated with distant 
metastases during the follow-up period compared to 
tumors smaller than 15 mm at initial US examination, 
underlining the importance of early diagnosis. This 
finding suggest that the US-guided fine needle 
aspiration biopsy (FNAB) should be considered even 
in smaller lesions (less than 10 mm) when there is 

a suspicious US, because this could lead to earlier 
diagnosis and better prognosis (26). 

Our research revealed that multifocal PTCs are 
frequent and were associated with more aggressive 
nature of the disease and with metastatic disease, 
compared to tumors smaller than 15 mm. One study 
analyzed the molecular characteristics of multifocal 
PTCs in 17 patients with RET/PTC rearrangements, 
and in 15 cases, different types of this genetic 
rearrangement were identified, suggesting that they 
were different tumors independently developed 
in the organism with genetic predisposition and 
appropriate external influences (27). A recent 
meta-analysis comprising 21 articles showed that 
multifocality was associated with an increased risk of 
lymph node involvement, extrathyroidal extension, 
and disease recurrence (28). Another study also 
found that multifocality and increasing number of 
tumor foci were associated with disease recurrence, 
with more aggressive features and poorer prognostic 
outcome (29). Multifocality was the most common 
feature in PTCs, leading to the conclusion that total 
thyroidectomy might be more appropriate in this type 
of tumor due to the possibility of small foci of disease 
present in the contralateral thyroid lobe, thus lowering 
the possibility of locoregional recurrence of the disease.
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The second independent predictor for distant 
metastasis was histopathological type of the thyroid 
tumor. In the subgroup of DTC, FTC was more 
frequently associated with metastatic disease 2.568-fold 
in comparison with PTC. This is important because 
FNAB is more prone to erroneous and inappropriate 
diagnosis of FTC because very often, a small capsular 
and vascular invasion might not be detected in the 
FNAB sample. Lee EK and cols. analyzed the serum 
thyroglobulin (sTg) level as a potential biomarker in 
differentiation among FTC and benign thyroid follicular 
lesions, and according to their study, preoperative Tg 
levels had high specificity in predicting thyroid cancer 
in the case of suspicious follicular neoplasm, suggesting 
possible usefulness as a marker in the cytological 
diagnosis of indeterminate nodules (30). 

Clinical experiences showed that the dimension 
of the tumor is not always correlated with biological 
aggressiveness and prognosis in DTC (31,32). These 
observations and advances in molecular techniques 
imposed the need for new TC classification, and in 
addition to histopathological evaluation, introducing 
molecular genetic profiling should be considered in 
reclassifying TCs and preparing for individualized 
therapeutic maneuvers adjusted according to specified 
genetic mutation profiles (33,34). 

Prognostication of thyroid tumors can be made at 
initial presentation with several different, but similar, 
prognostic scoring systems. For follicular cell-derived 
tumors, the AGES (age, histologic grade of the tumor, 
extent of extrathyroidal invasion or distant metastases, 
and size of the primary tumor) score system, AMES 
(patient age, presence of distant metastases, extent and 
size of the primary tumor) score, MACIS (metastasis, 
patient age, completeness of resection, local invasion, 
and tumor size) score, and the TNM (tumor, node, 
metastasis) system were introduced (35).

Few risk stratification systems have been introduced 
for scoring the disease, such as AMES, MACIS, and 
American Joint Committee on Cancer (AJCC) TNM 
classifications (10). These classification systems enable 
initial risk stratification of the patients, but Tuttel and 
cols. and Momesso and cols. also suggested ongoing, 
dynamic risk stratification during follow-up of the 
patients (18,36,37). Age is one constitutional factor 
that is considered in many stratification systems for 
TCs. Differentiated TC patients under a certain age 
cutoff are considered to be at less risk than those who 
are older. For example, age 55 was the cutoff point for 

continuous variables in the Memorial Sloan Kettering 
(grade, age, metastasis, extent, size, or GAMES) and 
AJCC/UICC systems (8th edition) (37), but there is a 
lack of consensus among the staging systems regarding 
the age threshold that has to be adopted (38). 

We evaluated the prognostic influence of seven 
independent characteristics on the outcome of the 
disease, and four characteristics, according to the 
Cox-proportional model, were revealed as significant 
prognostic predictors for survival: age, lymph node 
involvement at initial presentation, number of 
radioiodine therapies, and histopathological type of 
thyroid tumor. In our study, age > 45 years compared 
to ≤ 45 years, as well as histopathological type FTC vs. 
PTC, significantly (p < 0.05) increased the probability 
of a death event. Another feature evaluated in our study 
was the need for an increased number of radioiodine 
therapies, which pointed out an unfavorable prognosis 
in PTC and FTC, probably due to dedifferentiation 
of the TCs. Due to enlargement of the tumor for one 
evaluated group, the radioiodine therapy was increased 
by 15.038 mCi. 

Approximately 80% of patients with DTC are cured 
after initial therapy and have excellent prognosis (10, 
18). Mazzaferri and cols. performed a similar analysis in 
the Italian population, and of 213 patients with DTC, 
75% reached complete response to treatment after 
12 months. The same group of authors analyzed the 
prognostic relevance of a few factors on survival rate 
in 1510 patients, without initial distant metastases. 
They concluded that the probability of a death event 
increased with age above 40 years, size of the tumor 
> 1 cm, local tumor invasion and initial neck lymph 
node involvement, FTC histopathology, and delay 
in treatment. Their findings are similar to the results 
obtained in our study. These data point out the 
importance of careful initial risk stratification and 
appropriate initial treatment, as well as wise selection 
of the methods used in treatment in terms of avoiding 
overtreatment or incomplete therapy at the start (27).

The prognostic significance of initial neck lymph 
node involvement in DTC is still controversial. Several 
studies found an increased risk for local recurrence 
in patients with initial lymph node involvement, and 
our study revealed a significant correlation between 
the initial metastatic disease in neck lymph nodes and 
total radioiodine therapy received by patients and more 
frequent recurrence in this group of patients (31,32,39). 
Due to these findings, there is still an ongoing debate 
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about the extent of surgical treatment with respect to 
neck lymphadenectomy. According to contemporary 
guidelines, there are two possibilities: bilateral central 
neck lymphadenectomy and/or modified lateral neck 
compartment dissection, only if enlarged lymph nodes 
have been detected preoperatively or intraoperatively 
(7,18,28). According to our findings, a careful 
preoperative neck examination is necessary for initial 
risk assignment and for selection of an appropriate 
surgical approach. 

The limitations in our study were the heterogeneity 
of the thyroid tumors included in the analyses, 
considering the different types of TCs together, as 
well as possible influence of different therapy protocols 
applied. However, the limitations of this research point 
toward topics to be addressed in the future.

In conclusion, our results showed an excellent 
overall prognosis of thyroid tumors in the Macedonian 
population. From seven clinical and constitutional 
features, dimension and histopathological type of 
thyroid tumors were the most relevant prognostic 
predictive features for development of distant 
metastases in the evaluated group of patients. Our 
findings suggest that diagnosis of small primary tumors 
is important in improving survival rate, and detection 
of multifocality and neck lymph node involvement 
should be considered as increasing risk stratification 
factors. These characteristics, according to our 
analyses, could be important because they could have 
a significant impact on selecting the appropriate type of 
surgical treatment. Further studies including analysis of 
different therapy approaches on the outcome of TCs, as 
well as studies evaluating prognostic factors separately 
for different histopathological types of TCs, are needed 
for completing the evaluation of our group of patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: Activated macrophages (M1-type macrophages) in adipose tissue secrete many 
proinflammatory cytokines that induce insulin resistance (IR). Oncostatin M (OSM), a member of 
the interleukin-6 (IL-6) family of Gp130 cytokines, plays an important role in a variety of biological 
functions, including the regulation of inflammatory responses. Proinflammatory cytokines released 
in patients with IR trigger a chronic, low-grade inflammatory reaction in blood vessel walls. This 
inflammator response leads to endothelial damage, which is the main mechanism for atherosclerosis 
and many cardiovascular diseases. Animal studies have reported a relationship between OSM and 
IR. To the best of our knowledge, however, few clinical studies have examined this topic. Therefore, 
we studied the relationship between serum levels of OSM and IR. Subjects and methods: This 
prospective cross-sectional case-control study enrolled 50 people with IR (according to the HOMA-IR 
and QUICKI indices) and 34 healthy controls. The fasting blood concentrations of insulin, glucose, 
blood urea nitrogen (BUN), creatinine, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 
triglyceride, total cholesterol, C-reactive protein (CRP), and OSM were determined. Results: There 
were no significant differences between the two groups in age, sex, and HbA1c levels. Univariate 
analyses showed that waist circumference (WC) and levels of fasting glucose, insulin, CRP, HDL-C, 
OSM, HOMA-IR, and QUICKI differed between the two study groups. In multivariate analyses, both 
IR indices (QUICKI and HOMA) and OSM differed between the two groups. Conclusion: OSM was 
correlated with the IR indices (QUICKI and HOMA). For simplicity, it might replace the other IR indices 
in the future. Further detailed studies are needed to confirm this. Arch Endocrinol Metab. 2020;64(1):38-44
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INTRODUCTION

Metabolic syndrome (MS) is an important health 
problem. It is a multi-factorial disorder influenced 

by interactions between genetic and environmental 
factors. Obesity and insulin resistance (IR) are closely 
associated with a state of chronic inflammation (1). 
Proinflammatory cytokines released in patients with IR 
trigger chronic, low-grade inflammation in blood vessel 
walls (2,3). The number of adipose tissue macrophages 
(ATMs) is higher in obese individuals and they participate 
in inflammatory pathways after activation in the adipose 
tissues. ATMs are the primary sources of proinflammatory 
and prothrombotic molecules in adipose tissue. 
Consequently, IR deepens in these tissues (4,5).

Hyperglycaemia triggers arterial inflammation via 
an increase in the production of advanced glycation 
end products. IR makes a significant contribution to 
atherosclerosis, even before diabetes develops (3).

Oncostatin is a member of the Gp130 cytokine 
family. By activating the JAK/STAT pathways, it affects 
cell growth, neuron development, the inflammatory 
response, and other physiological process (6,7). OSM 
signals via the LIF receptor-alfa (LIFR) and OSM 
receptor (OSMR) (8). OSM and the OSMR are 
potential therapeutic targets in chronic inflammatory 
diseases that cause endothelial dysfunction, such as 
rheumatoid arthritis, atherosclerosis, thrombosis, and 
abnormal angiogenesis (9-12).

OSM signalling may be required for homeostasis 
in both the liver and adipose tissue. The absence of 
OSM signalling causes obesity, hepatic steatosis, and IR 
(13). Although the relationship between OSM and IR 
has clearly been demonstrated in animal experiments, 
few clinical trials in humans have been conducted. 
Therefore, this clinical study examined the relationship 
between serum levels of OSM and IR.

SUBJECTS AND METHODS

This prospective cross-sectional study was approved 
by our hospital’s ethics committee (protocol no. 
731, dated 10/10/2017). The study enrolled 81 
participants with a diagnosis of treatment-naïve IR. 
After a thorough evaluation, 30 were excluded based on 
the below-mentioned exclusion criteria. The remaining 
51 comprised the IR group. The healthy controls 
were 33 sex- and age-matched non-IR individuals. 
Informed consent was obtained from all participants. 
All participants’ detailed medical and socio-cultural 

history and physical examination findings were recorded, 
including vital signs, weight, height, body mass index 
(BMI), and waist circumference (WC). After an overnight 
8 h fast, a venous blood sample was obtained from each 
participant and analysed using standard procedures. 

IR was evaluated using the homeostasis model 
assessment of insulin resistance (HOMA-IR) and 
quantitative insulin sensitivity check index (QUICKI). 
The two indices are calculated as follows: HOMA-IR = 
insulin (μU/mL) × Glucose (mg/dL)/405 QUICKI 
= (1/log insulin + log glucose) (mg/dL). Because 
there is no recommended threshold for IR in children, 
adolescents, or adults, a cut-off of 2.5 was used to 
separate participants into normal or elevated HOMA-IR 
groups (14). A QUICKI < 0.339 indicates IR. Both 
HOMA-IR and QUICKI compensate for fasting 
hyperglycaemia, and the results of the indices correlate 
reasonably well with those using the euglycaemic clamp 
technique (15).

Exclusion criteria were as follows: 1) a psychiatric 
or chronic illness (e.g., hypertension, diabetes 
mellitus, chronic renal failure, congestive heart disease, 
hyperlipidaemia, chronic obstructive pulmonary disease); 
2) using drugs (antioxidants, vitamins, antibiotics, oral 
antidiabetics, antihypertensive, and psychiatric and other 
drugs); 3) younger than 18 years or older than 80 years; 
4) any inflammatory disease or medication that could 
potentially interfere with the measurement of OSM; and 
5) inability to give informed consent.

Measurements

BMI was calculated as weight (kg)/height2 (m2). 
Obesity was defined as BMI > 30 kg/m2. WC was 
measured by placing a tape in the horizontal plane 
at the level of the iliac crest. Following an 8 h fast, 
blood samples were collected from all participants at 
07.00–08.00 AM and stored at –80°C until testing. 
Serum levels of cholesterol, triglycerides, high-density 
lipoprotein cholesterol (HDL-C), glucose, creatinine, 
and urea were measured via enzymatic colorimetric 
methods using commercial kits (COBAS-8000, Roche 
Diagnostics, Mannheim, Germany), and low-density 
lipoprotein cholesterol (LDL-C) was calculated using 
the Friedewald formula.

Blood levels of HbA1c were determined via high-
performance liquid chromatography usingr a Premier 
Hb9210 kit (Trinity Biotech). Final results were expressed 
as percent HbA1c of the total haemoglobin according to 
the protocol of the Diabetes Control and Complications 
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Trial/National Glycohaemoglobin Standardisation 
Program (DCCT/NGSP). The insulin level was 
determined through an electrochemiluminescence 
immunoassay using a COBAS-8000 kit (Roche 
Diagnostics, Mannheim, Germany). Serum levels of 
C-reactive protein (CRP) were quantified using an 
enzyme-linked immunosorbent assay (ELISA).

OSM measurements

A Human Oncostatin M kit (catalogue number: 
E-EL-H2247 by ELISA) was used for the measurements. 
The linear analytical detection range was 1 to 1000  
pg/mL. The minimum detection limit was 0.14 pg/mL 
and the sensitivity was 1 pg/mL. The lower limit of 
detection was determined by assaying replicates of zero 
and the standard curve. To estimate OSM levels, 10 
mL peripheral venous blood was put in plain blood 
collection tubes with no additives and immediately 
immersed in ice and allowed to clot for 1 h before 
centrifugation (2000 g at 4°C for 15 min). The serum 
was stored at –80°C until analysed. The samples were 
thawed and OSM levels were measured using ELIZA 
(Farmasina Lab, Okmeydani, Istanbul, Turkey).

Statistical analyses

SPSS 22.0 (IBM Corporation, CA, USA) was used for 
the statistical analyses. Normally distributed data are 
expressed as the mean ± SE. Otherwise, the median and 
range are given. Independent quantitative measures 
were analysed using the independent samples t-test and 
Mann–Whitney U-test. Independent qualitative data 
were analysed using the chi-square test. A two-sided P 
< 0.05 was considered significant.

RESULTS
There were no significant differences in descriptive 
statistics between the two groups in terms of 
age, sex, HbA1c, blood urea nitrogen (BUN), 
creatinine, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), LDL-C, triglyceride, and total 
cholesterol. BMI, WC, glucose, insulin, HOMA-IR, 
QUICKI, CRP, HDL-C, and OSM differed significantly 
between the two groups in univariate analyses (Table 1). 
In multivariate analyses, only the IR indices (QUICKI 
and HOMA) and OSM differed between the groups 
(Table 2). There was a strong correlation between OSM 
and the inflammation marker CRP (Figure 1).

Table 1. IR and non-IR group laboratory features

 
Control Group (non-IR)  Case Group (IR) 

p
Mean ± s.d /n%  Median Mean ± s.d /n%  Median

Age 42,9 ± 11,0 43,0 47,7 ± 11,4 47,0 0,064t

Gender

Male 6  18,2% 15 29,4% 0,246X²

Female 27 81,%  36 70,6% 

Weight (kg) 79,1 ± 15,7 80,0 86,5 ± 10,9 85,0 0,055t

Length (cm) 161,8 ± 8,0 163,0 162,8 ± 7,6 162,0 0,542t

BMI (kg/m2) 30,4 ± 6,3 30,1 32,7 ± 4,3 32,3 0,064t

WAIST (cm) 82,4 ± 8,4 80,0 92,3 ± 8,8 92,0 0,000m

F. glucose (mg/dL) 87,5 ± 9,3 87,0 99,3 ± 12,5 101,0 0,000m

F. insulin (mg/dL) 7,7 ± 2,8 8,1 22,0 ± 12,2 20,2 0,000m

QUICKI index 0,4 ± 0,0 0,4 0,3 ± 0,0 0,3 0,000m

HOMA index 1,6 ± 0,5 1,8 5,4 ± 3,2 4,7 0,000m

HbA1C (%) 5,7 ± 0,4 5,6 5,7 ± 0,4 5,8 0,351m

OSM (pg/mL) 28,8 ± 27,7 15,0 93,7 ± 58,6 75,8 0,000m

CRP (mg/dL) 2,8 ± 0,9 2,5 5,8 ± 3,2 4,9 0,000m

BUN (mg/dL) 22,0 ± 6,6 22,0 24,1 ± 7,4 24,0 0,062m

Creatinine (mg/dL) 0,8 ± 0,5 0,7 2,4 ± 11,8 0,8 0,097m

T. Cholesterol (mg/dL) 189,9 ± 34,5 189,0 198,2 ± 47,3 185,0 0,677m

LDL (mg/dL) 108,8 ± 38,9 110,0 123,4 ± 43,0 120,0 0,276m

HDL (mg/dL) 50,5 ± 11,0 50,0 44,0 ± 10,6 42,0 0,015m

TG (mg/dL) 115,5 ± 56,2 102,0 170,8 ± 112,8 132,0 0,011m

m Mann-whitney u test; t t test; X² Chi-square test.
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DISCUSSION

OSM is a member of IL-6 family of cytokines. In obese 
individuals, it is associated with increased levels of 
macrophages in adipose tissue and IR (16,17). In obese 
mice, OSM is produced by pro-inflammatory cytokines 
such as TNF-α. It is secreted by M1 adipose tissue 
macrophages (ATMs) and inhibits insulin-activated 
glucose transport to the tissues, particularly skeletal 
muscles, inducing IR (18,19). M2 ATMs secrete the 
anti-inflammatory cytokine IL-10. A change in the 
M1/M2 ratio of ATMs in adipose tissue leads to a 
change in the pro-inflammatory/anti-inflammatory 
cytokine ratio and the development of IR. Animal 

Table 2. Univariative and multivariative analysis

 
Univariate model Multivariate Model

OR % 95 CI p OR % 95 CI p

WAIST (cm) 1,145 1,073 - 1,223 0,000      

F. Glucose (mg/dL) 1,106 1,050 - 1,165 0,000

F. Insulin (mg/dL) 2,630 1,555 - 4,448 0,000

QUICKI index 0,000 0,000 - 0,000 0,000 0,000 0,000 - 0,000 0,006

HOMA index 1,6 1,3 - 1,9 0,000 1,054 1,152 - 1,741 0,036

OSM (pg/mL) 1,046 1,025 - 1,068 0,000 1,072 1,002 - 1,147 0,043

CRP (mg/dL) 8,746 3,392 - 22,549 0,000

HDL (mg/dL) 0,946 0,905 - 0,988 0,012

TG (mg/dL) 1,009 1,002 - 1,016 0,016    

Logistic regression analysis.

Figure 1. Relation between serum oncostatin M by CRP.
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studies have reported an association between OSM 
and IR and have suggested that it is a novel therapeutic 
target for metabolic syndrome (6). We also found a 
close relationship between OSM and IR indices (Tables 
1 and 2, Figures 2 and 3).

Many methods are used to assess IR in basic 
and clinical studies, including the insulin tolerance 
test, hyperinsulinaemic euglycaemic clamp test, 
HOMA-IR, QUICKI, and continuous infusion of 
glucose with model assessment (CIGMA) (20,21). 
We evaluated IR using the widely used HOMA-IR 
and QUICKI formulas. Univariate analyses indicated 
differences in HOMA-IR, QUICKI, WC, CRP, and 
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Figure 2. OSM levels in IR (case group) and non-IR (control group).

Figure 3. Relation between serum oncostatin M with HOMA-IR.
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OSM between the groups. In multivariate analyses, 
however, only IR indices and OSM differed significantly 
(Table 2). Some studies have suggested that QUICKI 
assesses IR better than HOMA-IR (22). In our study, 
the OSM level was correlated with both indices.

Could OSM replace these indices for the 
determination of IR? Further studies are needed 
to assess this. Although our sample size was small 
for determining a cut-off point, receiver operating 
characteristic analyses showed that a 30 ng/dL cut-
off level for OSM predicted IR with a sensitivity of 
94.1% and specificity of 69.7% (Table 3). Therefore, 
this single serum parameter might replace the multi-
parametric IR estimation tests such as QUICKI or 
HOMA-IR for screening and diagnosing complicated 
IR-associated diseases such as metabolic syndrome 
and diabetes. Further detailed studies are needed to 
examine this.

Table 3. Sensitivity and specificity for OSM

  AUC % 95 CI p

Oncostatin M 0,864 0,783 - 0,945 0,000

Cut Off 30 0,819 0,716 - 0,922 0,000

Sensitivity 94,1%

Positive predictive value 82,8%

Specificity 69,7%

    Negative predictive value 88,8%

Analysis with ROC curve. 

In obesity, Timp1 (tissue inhibitor of 
metalloproteinases 1), Spp1 (osteopontin/secreted 
phosphoprotein 1), PAI-1 (plasminogen activator 
inhibitor-1) and Igfbp3 (insulin-like growth factor-
binding protein 3) significantly increase in adipose 
tissue and contribute to the insulin resistance (23-
27). OSM treatment regulates the expression of many 
proinflammatory adipokines causing insulin resistance 
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(Timp1, PAI-1, Igfbp3, and Spp1) in adipose tissue 
(28). The ability of OSM to regulate the expression 
of these mediators, which cause insulin resistance, can 
give directions to insulin resistance monitoring and 
treatment. In these studies, the fact that OSM is in 
close relationship with proinflammatory cytokines in 
insulin resistance supports our study. In a study of 
pregnant women, it was shown that the serum OSM 
levels, and IL-6 and IL-1β expressions correlated with 
each other in relation to the inflammatory process 
(29). In another study by Li and cols. on patients with 
coronary artery disease, it was found that serum OSM 
and CRP levels were elevated in the patient group. 
Elevation of OSM levels in combination with CRP as 
an inflammatory marker was also consistent with our 
results (30).

One of the limitations of our study was that it 
was a cross-sectional observational study. We cannot 
determine whether improving the IR status (by lifestyle 
modification or medicines) would affect the OSM level.

Both obesity and IR are associated with chronic 
inflammation. In our study, WC was significantly higher 
in the IR group, while the BMI difference did not 
reach significance (Table 1). Central obesity (i.e., an 
increased WC) is a mandatory International Diabetes 
Federation diagnosis criterion for metabolic syndrome 
(i.e., IR associated status). BMI > 30 kg/m2 can 
replace WC for the diagnosis of this IR-related disease 
condition. This may explain the increased WC in the 
IR group. Another point supporting our interesting 
finding is the increased OSM levels in cachectic IR 
cancer patients (13). This close association between 
OSM levels and central obesity and IR makes OSM a 
potential marker in screening for central obesity and 
IR. Further detailed studies with larger sample sizes are 
needed to confirm these findings.

In conclusion, OSM is associated with IR and 
chronic inflammation. Our results indicate that 
OSM correlated with the IR indices HOMA-IR and 
QUICKI. Given its simplicity, OSM may replace these 
time-consuming IR-determining indices in the future. 
Further detailed studies need to examine this further.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1. Sanchez-Infantes D, White UA, Elks CM, Morrison RF, Gimble JM, 

Considine RV, et al. Oncostatin m is produced in adipose tissue 

and is regulated in conditions of obesity and type 2 diabetes. J 
Clin Endocrinol Metab. 2014;99(2): E217-25.

2. Greenberg AS, Obin MS. Obesity and the role of adipose tissue 
in inflammation and metabolism. Am J Clin Nutr. 2006;83(2): 
461s-5s.

3. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel 
RL, Ferrante AW Jr. Obesity is associated with macrophage 
accumulation in adipose tissue. J Clin Invest. 2003;112(12): 
1796-808.

4. Després JP, Lemieux I. Abdominal obesity and metabolic 
syndrome. Nature. 2006;444(7121):881-7.

5. Bornfeldt KE, Tabas I. Insulin resistance, hyperglycemia, and 
atherosclerosis. Cell Metab. 2011;14(5):575-85.

6. Komori T, Morikawa Y. Oncostatin M in the development of 
metabolic syndrome and its potential as a novel therapeutic 
target. Anat Sci Int. 2018;93(2):169-76.

7. White UA, Stewart WC, Stephens JM. Gp130 cytokines exert 
differential patterns of crosstalk in adipocytes both in vitro and in 
vivo. Obesity (Silver Spring). 2011;19(5):903-10.

8. Van Keulen D,  Pouwer MG,  Pasterkamp G,  Gool AJ,  Sollewijn 
Gelpke MD, Prinsen HMG, et al. Inflammatory cytokine oncostatin 
M induces endothelial activation in macro and microvascular 
endothelial cells and in APOE*3Leiden. CETP mice. PLOS ONE. 
2018;13(10):e0204911.

9. Kisucka J, Chauhan AK, Patten IS, Yesilaltay A, Neumann C, Van 
Etten RA, et al.  Peroxiredoxin1 prevents excessive endothelial 
activation and early atherosclerosis. Circ Res. 2008;103:598-605.

10. Rajashekhar G, Willuweit A, Patterson CE, Sun P, Hilbig A, 
Breier G, et al. Continuous endothelial cell activation increases 
angiogenesis: Evidence for the direct role of endothelium linking 
angiogenesis and inflammation.  J Vasc Res. 2006;43:193-204. 
10.1159/000090949

11. Wilder RL, Case JP, Crofford LJ, Kumkumian GK, Lafyatis R, 
Remmers EF, et al.  Endothelial cells and the pathogenesis of 
rheumatoid arthritis in humans and streptococcal cell wall 
arthritis in Lewis rats.  J Cell Biochem. 1991;45:162-6. 10.1002/
jcb.240450207

12. Zwaginga JJ, Sixma JJ, de Groot PG. Activation of endothelial 
cells induces platelet thrombus formation on their matrix. 
Studies of new in vitro thrombosis model with low molecular 
weight heparin as anticoagulant. Arteriosclerosis. 10:49-61.

13. Stephens JM, Elks CM. Oncostatin M: Potential implications for 
malignancy and metabolism. Curr Pharm Des. 2017;23(25):3645-57.

14. Andrade MI, Oliveira JS, Leal VS, Lima NM, Costa EC, Aquino 
NB, et al. [Identification of cutoff points for Homeostatic 
Model Assessment for Insulin Resistance index in adolescents: 
Systematic review]. Rev Paul Pediatr. 2016 Jun;34(2):234-42. 

15. Mari A, Ahrén B, Pacini G. Assessment of insulin secretion in 
relation to insulin resistance. Curr Opin Clin Nutr Metab Care. 
2005;8(5):529-33.

16. Hong EG, Ko HJ, Cho YR, Kim HJ, Ma Z, Yu TY, et al. Interleukin-10 
prevents diet-induced insulin resistance by attenuating 
macrophage and cytokine response in skeletal muscle. Diabetes. 
2009;58(11):2525-35.

17. Hirosumi J, Tuncman G, Chang L, Görgun CZ, Uysal KT, Maeda 
K, et al. A central role for JNK in obesity and insulin resistance. 
Nature. 2002;420(6913):333-6.

18. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, et al. 
The fat-derived hormone adiponectin reverses insulin resistance 
associated with both lipoatrophy and obesity. Nature Med. 
2001;7(8):941-6.

19. Williams LM, Ricchetti G, Sarma U, Smallie T, Foxwell BM. 
Interleukin-10 suppression of myeloid cell activation: A continuing 
puzzle. Immunology. 2004;113(3):281-92.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

44

Relationship between OSM and insulin resistance

Arch Endocrinol Metab. 2020;64/1

20. Ascaso JF, Pardo S, Real JT, Lorente RI, Priego A, Carmena R. 
Diagnosing insulin resistance by simple quantitative methods 
in subjects with normal glucose metabolism. Diabetes Care. 
2003;26(12):3320-5.

21. Berg AH, Combs TP, Scherer PE. ACRP30/adiponectin: An 
adipokine regulating glucose and lipid metabolism. Trends 
Endocrinol Metab. 2002;13(2):84-9.

22. Antuna-Puente B, Faraj M, Karelis AD, Garrel D, Prud’homme D, 
Rabasa-Lhoret R, et al. HOMA or QUICKI: Is it useful to test the 
reproducibility of formulas? Diabetes Metab. 2008;34(3):294-6.

23. Kahles F, Findeisen HM, Bruemmer D.  Osteopontin: a novel 
regulator at the cross roads of inflammation, obesity and 
diabetes. Mol Metab. 2014;3:384-39. 

24. Nomiyama T, Perez-Tilve D, Ogawa D, Gizard F, Zhao Y, Heywood 
EB, et al. Osteopontin mediates obesity-induced adipose tissue 
macrophage infiltration and insulin resistance in mice.  J Clin 
Investig. 2007;117:2877-88. 

25. Chan SS, Twigg SM, Firth SM, Baxter RC. Insulin-like growth factor 
binding protein-3 leads to insulin resistance in adipocytes. J Clin 
Endocrinol Metab. 2005;90:6588-95.

26. Meissburger B, Stachorski L, Röder E, Rudofsky G, 
Wolfrum C.  Tissue inhibitor of matrix metalloproteinase 
1 (TIMP1) controls adipogenesis in obesity in mice and in 
humans. Diabetologia. 2011;54:1468-79. 

27. Chavey C, Mari B, Monthouel MN, Bonnafous S, Anglard P, Van 
Obberghen E, et al. Matrix metalloproteinases are differentially 
expressed in adipose tissue during obesity and modulate 
adipocyte differentiation. J Biol Chem. 2003;278:11888-96.

28. Carrie ME, Peng Z, Ryan WG, Hardy H, Jennifer LB, David HB, et 
al. Loss of Oncostatin M Signaling in Adipocytes Induces Insulin 
Resistance and Adipose Tissue Inflammation  in Vivo. J Biol 
Chem. 2016;291(33):17066-76. 

29. Emma B, Åsa E, Anna RP, Inger SP, Alkistis S. Inflammatory and 
anti-inflammatory markers in plasma: from late pregnancy to 
early postpartum. Sci Rep. 2019;9:1863.

30. Li X, Zhang X, Wei L, Xia Y, Guo X. Relationship between serum 
oncostatin M levels and degree of coronary stenosis in patients 
with coronary artery disease. Clin Lab. 2014;60(1):113-8.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

45

original article

Arch Endocrinol Metab. 2020;64/1

Impact of overweight and obesity on 
pregnancy outcomes in women with 
gestational diabetes – results from 
a retrospective multicenter study 

Catarina Machado1

https://orcid.org/0000-0003-3098-1789

Sara Monteiro1

https://orcid.org/0000-0002-1122-1648

Maria João Oliveira1

https://orcid.org/0000-0001-9546-3347

Grupo de Estudo de Diabetes e Gravidez da Sociedade Portuguesa de Diabetologia 

ABSTRACT
Objective: The aim of this study was to evaluate the impact of pre-pregnancy body mass index (BMI) on 
pregnancy outcomes in women with gestational diabetes (GD). Subjects and methods: Retrospective 
multicenter study using data from the Portuguese National Register. We included women with GD with 
a singleton pregnancy. GD diagnosis was according to the International Association of the Diabetes and 
Pregnancy Study Group criteria. Women were divided into groups according to their pre-pregnancy BMI: 
< 18.5 kg/m2 (underweight), ≥ 18.5 and < 25.0 kg/m2 (normal weight), ≥ 25 and < 30 kg/m2 (overweight) 
and ≥ 30 kg/m2 (obese). Results: We included 3,103 pregnant women with GD, 29.6% (n = 918) were 
overweight and 27.3% (n = 846) were obese. Compared to normal weight, the overweight and obese 
groups had a higher percentage of gestational hypertension (4.0% and 8.5% vs. 2.1%), cesarean delivery 
(32.8% and 41.3% vs. 27.9%), macrosomia (3.9% and 6.7% vs. 2.4%), and large for gestational age (LGA) 
newborns (8.3% and 13.5% vs. 6.0%). Obesity increased the risk of gestational hypertension (OR 4.5, p < 
0.001), preeclampsia (OR 1.9, p = 0.034), cesarean delivery (OR 2.0, p < 0.001), macrosomia (OR 3.1, p < 
0.001) and LGA (OR 2.3, p < 0.001). Conclusion: In pregnant women with GD, pregnancy complications 
increase with pre-pregnancy BMI. In obese women, appropriate diet and counseling prior to gestation 
and more aggressive medical intervention during pregnancy are needed in order to prevent macrosomic 
and LGA newborns and to reduce maternal complications. Arch Endocrinol Metab. 2020;64(1):45-51
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INTRODUCTION

Traditionally, gestational diabetes (GD) is a term 
used to describe the presence of glucose intolerance 

with onset or first detected during pregnancy (1). More 
recently, the American Diabetes Association defined 
GD as diabetes diagnosed in the second or third 
trimester of pregnancy in a patient without prior history 
of overt diabetes (2). Regardless of the definition of 
GD or the chosen screening criteria, it is the most 
common metabolic pregnancy complication (3), and its 
incidence is increasing, as the epidemic of obesity and 
type 2 diabetes mellitus (DM2) continues worldwide 
(2,4-6). There have been studies reporting that half of 
women are overweight or obese at the beginning of 
their pregnancies (6-10). 

Maternal hyperglycemia in GD is associated with 
adverse maternal, fetal, and neonatal outcomes, when 

compared with women with no history of GD (4,11-13). 
Importantly, maternal obesity is independently associated 
with adverse maternal and neonatal outcomes (9,11,14), 
and increasing BMI is a well-known risk factor for the 
development of GD (6). There is an increased risk of 
preeclampsia and caesarean section for the mother, and 
an increased risk of macrosomia, LGA, congenital birth 
defects, or postnatal hypoglycemia for the fetus (4,11-
13), among others. Moreover, the combination of GD 
and obesity is associated with more adverse pregnancy 
outcomes compared to GD or obesity alone (10). Recently, 
a study showed that women with GD and obesity had 
an increased risk of cesarean section, preeclampsia, and 
maternal morbidity when compared to either non-obese 
patients with GD and obese patients without GD (15).

As the prevalence of GD and obesity is increasing 
worldwide, the aim of this study was to evaluate the 
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impact of pre-gestational BMI on pregnancy outcomes 
in women with GD. 

SUBJECTS AND METHODS 

We retrospectively reviewed the Portuguese National 
Register of women with GD between January 1, 2016, 
and December 31, 2016. This database included 
women with no prior diagnosis of diabetes mellitus 
who received prenatal care in 26 medical institutions of 
the National Health System (NHS) in Portugal. 

The diagnosis of GD was established following 
the recommendations from the Portuguese Society of 
Diabetologia (16). First, fasting blood glucose levels 
(FBG) were evaluated during the first trimester in all 
women; results of ≥ 92 mg/dL were diagnostic of 
GD, and an oral glucose tolerance test (OGTT) was 
not performed in these women. A 75-g 2-hour OGTT 
was performed in all women with normal first trimester 
FBG, between 24-28 weeks of gestation, with OGTT 
thresholds according to the International Association 
for Diabetes in Pregnancy Study Group’s (IADPSG) 
(17): fasting glucose ≥ 92mg/dL, 1-hour ≥ 180mg/dL 
and 2-hour ≥ 153 mg/dL. FBG and OGTT were not 
repeated, according to the recommendations from 
the Portuguese Society of Diabetologia (16). Women 
with FBG ≥ 126 mg/dL or random/2-hour following 
OGTT glucose levels ≥ 200 mg/dL were diagnosed 
with overt diabetes mellitus and were excluded from 
this study. We only included women with a singleton 
pregnancy. Women with missing information regarding 
initial BMI, FBG, or OGTT values and pregnancy 
outcomes were excluded from this study.

Women with GD were divided into four groups 
according to their pre-pregnancy BMI: < 18.5 kg/m2 
(underweight), ≥ 18.5 and < 25.0 kg/m2 (normal 
weight), ≥ 25 and < 30 kg/m2 (overweight) and ≥ 30 
kg/m2 (obese). The weight gained during pregnancy 
was evaluated based on pre-pregnancy BMI according 
to the Institute of Medicine (IOM) recommendations: 
range of adequate weight gain in pregnancy in 
underweight women between 12.5 and 18.0 kg, in 
normal weight women between 11.5 and 16.0 kg, in 
overweight women between 7.0 and 11.5 kg, and in 
obese women between 5.0 and 9.0 kg (18).

Pregnancy outcomes were defined according to 
IADPSG (19). We evaluated preeclampsia, gestational 
hypertension, hydramnios, preterm delivery, induction 
of labor, caesarean section, gestational age at delivery, 

fetal birth weight, fetal macrosomia, LGA, small for 
gestation age (SGA), neonatal hypoglycemia, neonatal 
hyperbilirubinemia, fetal congenital birth defects, 
admission in an intensive care unit, and fetal death. 

The statistical analysis was performed with SPSSv20®. 
The Kolmogorov-Smirnov test of normality was used to 
analyze all data for normality of distribution. Continuous 
variables were expressed as the mean ± SD if normally 
distributed, or as median and interquartile range (IQR) 
if not normally distributed. Categorical variables were 
displayed as frequencies using the Fisher’s exact test 
or the chi-square test. For continuous variables, the 
appropriate parametric (Student t-test) or non-parametric 
(Mann-Whitney) test was used. Logistic regressions were 
performed to access the odds ratios (OR) for the maternal 
and fetal adverse outcomes using normal weight (18.5 ≤ 
BMI < 25.0) as the reference group. The results of logistic 
regression are presented as adjusted OR with the 95% 
confidence interval (CI), which included maternal age, 
education, and parity as covariates. Statistical significance 
was awarded if p value < 0.05. 

RESULTS 

A total of 3,868 women were registered on our 
database. Of these, 3,103 met inclusion criteria and 
were included in this study (Figure 1). Women were 
divided into four categories according to their pre-

Figure 1. Flowchart of patient inclusion and exclusion in the study.

Women included in 
the database
N = 3,868

Women included in 
the study

N = 3,103

N = 3,528

N = 3,416

Multiple pregnancy: N = 95
Missing data regarding pre-gestational 

BMI: N = 83
Missing data regarding FBG or OGTT 

values: N = 162

Missing data on pregnancy outcomes: 
N = 313

Overt diabetes on FBG or OGTT: 
N = 112
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pregnancy BMI: 29.6% women (n = 918) were classified 
as overweight and 27.3% (n = 846) as obese. Mean 
age of the overweight patients was higher compared 
to normal weight and obese women. A total of 1,217 
women (39.2%) required pharmacological treatments 
(30.2% insulin, 5.4% metformin and 3.5% insulin plus 
metformin), and 1,886 (60.8%) continued on diet and 
lifestyle modifications throughout pregnancy. Most 
women (n = 1729, 55.7%) were diagnosed following an 
abnormal OGTT. Maternal characteristics in relation to 
BMI are shown in Table 1.

Pregnancy outcomes in GD according to pre-
pregnancy BMI are shown in Table 2. The prevalence 
of preeclampsia and gestational hypertension was higher 

in the obese group (3.9% and 8.5%, respectively). The 
median gestational age at delivery was similar between 
all groups [39 weeks (IQR 38–40 in the underweight 
group and IQR 38-39 in the normal weight, overweight, 
and obesity groups)], even though preterm delivery 
was more prevalent in the overweight group, compared 
to the normal weight and obese groups. Overweight 
and obese women had less spontaneous delivery, and 
the rate of caesarean section was highest in the obese 
women (41.3%), followed by the overweight (32.8%). 
Fetal birth weight was higher in the overweight and 
obese groups, so was the prevalence of LGA. The 
incidence of SGA was highest in the underweight 
group (14.3%). Congenital birth defects, hypoglycemia, 

Table 1. Maternal characteristics in relation to BMI

BMI

Underweight
n = 63 (2.0%)

Normal weight
n = 1,276  (41.1%)

Overweight
n = 918 (29.6%)

Obese
n = 846 (27.3%)

Mean age (years) 30.4 ± 6.0* 33.2 ± 5.5 33.6 ± 5.3* 33.3 ± 5.4

Maternal education  –  n (%)

No education 0 (0.0) 9 (0.8) 9 (1.2) 2 (0.3)†

Primary education 28 (52.8)* 297 (27.1) 268 (34.5)* 312 (42.2)*†

Secondary education 10 (18.9)* 358 (32.6) 254 (32.7) 262 (35.5)

Post-secondary education 15 (28.3) 433 (39.5) 246 (31.7)* 163 (22.1)*†

Nulliparity  –  n (%) 40 (63.5)* 631 (49.5) 359 (39.2)* 291 (34.4)*†

Previous DG  –  n (%) 3 (11.5) 136 (18.2) 121 (19.3) 123 (20.5)

Previous macrosomia  –  n (%) 1 (3.8) 41 (5.5) 62 (9.9)* 54 (9.0)*

Family history of diabetes  –  n (%) 25 (41.0) 507 (40.5) 428 (47.4)* 422 (51.8)*†

Median weight gained (kg) 13.0 [9.0 – 16.3] 11.3 [8.9 – 15.0] 10.0 [6.0 – 13.5]* 7.0 [3.0 – 11.1]*†

Excessive weight gained  –  n (%) 11 (19.0) 206 (17.1) 319 (36.7)* 290 (36.9)*

Inadequate weight gained  –  n (%) 28 (48.3) 606 (50.2) 239 (27.5)* 266 (33.8)*

Diagnosis  –  n (%)

Fasting plasma glucose levels 1st trimester 26 (41.3) 519 (40.7) 392 (42.7) 437 (51.7)*†

OGTT 37 (58.7) 757 (59.3) 526 (57.3) 409 (48.3)*†

Median gestational age at diagnosis (week) 24 [9 – 26] 24 [9 – 26] 24 [9 – 26] 18 [8 – 25]*†

Median fasting glucose levels 1st trimester (mg/dL) 94.0 [92.0 – 99.3] 94.0 [93.0 – 97.0] 95.0 [93.0 – 99.0]* 96.0 [93-0 – 100.0]*†

Median glucose levels on 75-g OGTT (mg/dL)

0’ 75.0 [69.8 – 79.8] 79.0 [73.0 – 88.0] 83.0 [76.0 – 92.0]* 87.0 [79.0 – 94.0]*†

60’ 181.0 [158.0 – 189.0] 180.0 [157.0 – 190.0] 181.0 [156.0 – 193.0] 181.0 [162.0 – 192.0]*

120’ 156.0 [143.5 – 162.5] 156.0 [131.0 – 165.0] 155.0 [131.0 – 169.0] 151.0 [124.0 – 166.0]*†

Diet and lifestyle modification  –  n (%) 53 (84.1)* 912 (71.5) 530 (57.7)* 391 (46.2)*†

Pharmacological treatment  –  n (%) 10 (15.9)* 364 (28.5) 388 (42.3)* 455 (53.8)*†

Insulin 10 (90.0) 292 (80.2) 294 (75.8) 343 (75.4)

Metformin 0 (0.0) 54 (14.8) 59 (15.2) 56 (12.3)

Insulin plus metformin 1 (10.0) 18 (4.9) 35 (9.0) 56 (12.3)

* p < 0.05 vs. normal weigh (BMI < 18.5–24.9); † p < 0.05 vs. overweight (BMI 25.0–29.9).
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hyperbilirubinemia, fetal death, or need for admission 
in an intensive care unit were similar between groups. 

In Table 3, the pregnancy outcomes are shown 
according to the pre-pregnancy BMI. Obese women had 
an increased risk of gestational hypertension, preeclampsia, 
and cesarean delivery (OR: 4.5, 1.9, and 2.0, respectively). 
A spontaneous delivery was less likely to occur in overweight 
and obese patients. A higher pre-pregnancy BMI increased 
the risk of macrosomia and LGA newborns.

In addition to different pregnancy outcomes, the 
management of GD was different according to maternal 
BMI. Pharmacological treatment was progressively 
more needed as BMI increased (42.3% in the overweight 
group, p < 0.001, and 53.8% in the obese group, p < 
0.001, compared to 28.5% in the normal weight group), 
and treatment with insulin was more frequent in obese 
(47.2%) and overweight (35.8%) women, compared to 
24.3% in the normal weight group. 

Table 2. Pregnancy outcomes in GD according to pre-pregnancy BMI

BMI

Underweight
n = 63 (2.0%)

Normal weight
n = 1,276 (41.1%)

Overweight
n = 918 (29.6%)

Obese
n=846 (27.3%)

Maternal complications

Gestational hypertension – n (%) 1 (1.6) 26 (2.1) 35 (4.0)* 65 (8.5)*†

Preeclampsia – n (%) 1 (1.6) 25 (2.0) 26 (2.8) 33 (3.9)*

Hydramnios – n (%) 2 (3.2) 22 (1.7) 17 (1.9) 22 (2.6)

Preterm delivery – n (%) 6 (9.5) 85 (6.7) 80 (8.7)* 48 (5.7)†

Induction of labor – n (%) 26 (41.3) 446 (35.0) 366 (39.9)* 391 (46.2)*†

Caesarean delivery –  n (%) 15 (23.8) 356 (27.9) 301 (32.8)* 349 (41.3)*†

Fetal and neonatal complications

Median birth weight (grams) 3040.0 [2680.0 – 3285.0] 3120.0 [2820.0 – 3410.0] 3240.0 [2945.0 – 3511.0]* 3285.0 [2980.0 – 3590.0]*†

Macrosomia – n (%) 0 (0.0) 30 (2.4) 36 (3.9)* 57 (6.7)*†

LGA – n (%) 3 (4.8) 77 (6.0) 76 (8.3)* 115 (13.6)*†

SGA – n (%) 9 (14.3) 124 (9.7) 65 (7.1)* 61 (7.2)*

Neonatal hypoglycemia – n (%) 2 (3.2) 58 (4.5) 46 (5.0) 34 (4.0)

Neonatal hyperbilirubinemia – n (%) 8 (12.7) 134 (10.5) 109 (11.9) 104 (12.3)

Congenital defects – n (%) 1 (1.6) 45 (3.5) 33 (3.6) 27 (3.2)

Admission in an intensive care unit – n (%) 5 (7.9) 74 (5.8) 60 (6.5) 61 (7.2)

Fetal death – n (%) 0 (0.0) 1 (0.1) 1 (0.1) 1 (0.1)

* p < 0.05 vs. normal weigh (BMI <18.5–24.9); † p<0.05 vs. overweight (BMI 25.0–29.9).

Table 3. Logistic regression of pregnancy outcomes by maternal BMI

Outcome Underweight OR 
[IC 95%] p-value Normal weight 

OR [IC 95%]
Overweight OR 

[IC 95%] p-value Obese OR 
[IC 95%] p-value

Gestational hypertension 1.118 [0.143; 8.764] 0.916 1.0 1.851 [1.061; 3.229] 0.030* 4.473 [2.681; 7.462] 0.001*

Preeclampsia -- -- 1.0 1.321 [0.734; 2.392] 0.351 1.872 [1.049; 3.343] 0.034*

Hydramnios 0.487 [0.104; 2.291] 0.362 1.0 0.915 [0.456; 1.837] 0.804 1.323 [0.696; 2.516] 0.393

Preterm delivery 0.553 [0.207; 1.478] 0.237 1.0 1.702 [1.201; 2.410] 0.003* 0.908 [0.602; 1.370] 0.646

Cesarean delivery 1.269 [0.634; 2.539] 0.501 1.0 1.268 [1.035; 1.553] 0.022* 1.963 [1.598; 2.410] 0.001*

Induction of labor 0.820 [0.462; 1.458] 0.499 1.0 1.235 [1.021; 1.495] 0.030* 1.635 [1.345; 1.988] 0.001*

Macrosomia -- -- 1.0 1.831 [1.048; 3.200] 0.034* 3.140 [1.873; 5.265] 0.001*

LGA 0.622 [0.380; 6.920] 0.513 1.0 1.431 [1.001; 2.044] 0.049* 2.260 [1.613; 3.166] 0.001*

SGA 0.520 [0.232; 1.170] 0.114 1.0 0.635 [0.448; 0.901] 0.11* 0.689 [0.483; 0.983] 0.040*

*p < 0.05.
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DISCUSSION

In this study, more than half of the women (56.9%) 
who were diagnosed with GD were overweight or 
obese. This worrying percentage reflects the dramatic 
increase in overweight and obesity among women of 
reproductive age. There are some reports in the literature 
that showed similar results (3,9,20,21) with Ovesen 
and cols. and Scifres and cols. reporting a percentage 
of obese women with GD of more than 70.0% (22,23). 
Obesity and GD can lead to adverse outcomes, and, in 
our study, women who were overweight and obese prior 
to gestation had an increased risk of adverse pregnancy 
outcomes. Similar to reports in the literature, in our 
study, women who were overweight or obese were 
more often diagnosed with gestational hypertension 
or preeclampsia (11,15,20,21,23,24), labor was more 
likely to be induced (20), and the rate of cesarean 
section was higher (9,15,20,24,25). 

The risk of developing gestational hypertension was 
significantly higher in overweight and obese women. 
In fact, the risk of gestational hypertension increased 
with increasing BMI, and obese women had a 4.5-fold 
risk of developing gestational hypertension, as shown in 
Table 3. We reported a prevalence of 8.5% gestational 
hypertension in the obese group, which was higher 
when compared to the normal weight and overweight 
groups. Some studies similar to ours showed higher 
rates of pregnancy-induced hypertension in the obese 
women: Sugiyama and cols. reported a 14.8% rate of 
pregnancy-induced hypertension (20), Miao and cols. 
11.4% (24), and Sun and cols. 11.8% (11). Pregnancy-
induced hypertension complicates 6–10% of all 
pregnancies (26), and GD is a well-known risk factor 
for the development of hypertension (13). Apart from 
GD, other factors, such as maternal age or ethnicity, 
could explain the development of hypertension (27), 
however, the association with pre-pregnancy BMI is 
well established (3,28). 

The overall rate of cesarean delivery in our study 
was 32.9%, a higher percentage compared to the rate 
of cesarean sections in the Portuguese NHS hospitals 
in 2016 (23.5%) (29). Compared to the normal weight 
group, there was a higher rate of cesarean delivery 
in the overweight and obese groups (32.8% and 
41.3%, respectively), possibly in relation to increased 
macrosomic and LGA newborns. Both obesity and 
GD are independent risk factors for cesarean delivery 
(6,12,15). In this study, there was a progressive 

increase in OR with the increasing BMI category 
regarding cesarean section. In some studies, the 
cesarean delivery rate reported in obese women with 
GD was approximately 40.0% (6,15,20), with one 
study reporting a 72.7% rate with a 3.2-fold increased 
risk of cesarean section (OR 3.26; IC 95% 1.57–6.76, 
p = 0.002) (24). The high percentage of cesarean 
delivery in this population could be due to suspected 
macrosomia or failure to induce labor. 

Regarding neonatal outcomes, similar to what was 
described in previous reports, newborns of overweight 
and obese women were more likely to be macrosomic 
(11,21,23-25) and LGA (20,21,23,24). This is of 
particular importance once these infants have higher 
risk of future development of metabolic syndrome 
and cardiovascular disease (13,20,30,31). One of the 
reasons that could explain this is an inadequate glycemic 
control in the overweight and obese women, thereby 
exposing the fetus to hyperglycemia. Diet modification 
is the primary choice of treatment in GD, with 
pharmacological approaches used when it fails (11). 
Because pharmacologic treatment was more often 
needed in these groups, the assumption they had worse 
glycemic control can be speculated. However, data 
on glycemic control was not available, therefore, we 
cannot establish whether glycemic control was achieved 
in any of the groups. Another explanation could be 
gestational weight gain. Excessive weight gained is 
associated with an increased risk of fetal overgrowth in 
obese women (23), and, in this study, 36.9% of obese 
women gained excessive weight according to the IOM 
recommendations. Although there was an increased risk 
of LGA infants born from obese women, the frequency 
of this adverse fetal outcome in our study (13.6%) 
was lower compared to similar studies that reported a 
percentage of approximately 20.0% (6,15). 

In our study, GD was diagnosed earlier in overweight 
and obese women. More specifically, the obese group 
was more often diagnosed following an elevated fasting 
blood glucose level during the first trimester of pregnancy, 
whilst the other three groups were diagnosed later in 
pregnancy following an abnormal OGTT. The median 
fasting glucose levels were superior in overweight and 
obese women, but, contrasting with other reports, 
glucose levels following OGTT were similar between 
the four groups. Previous reports in the literature 
showed a gradual increase in glucose levels on 75g 
OGTT according to pre-pregnancy BMI (20,32). This 
is possibly a result of different diagnostic methods, as in 
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most studies an OGTT after the 24th week of gestation 
is the only screening approach. In our study, an elevated 
fasting blood glucose level at the first trimester made 
the diagnosis of GD in 42.7% of the overweight women 
and in 51.7% of the obese women. For that reason, the 
OGTT was not performed in a considerable proportion 
of women with overweight and obesity. This difference 
in screening methods could also explain the differences 
between our study and similar reports, regarding the 
lower frequencies of gestational hypertension (11,15), 
preeclampsia (6), macrosomia (6,11,23), and LGA 
newborns (6,15,20). Impaired fasting glucose levels due 
do insulin resistance and increased liver gluconeogenesis 
are common in obese women and may be present 
early in gestation. As obese women were more often 
diagnosed in the first trimester of pregnancy, this may 
have led to a prompt approach in order to restore 
euglycemia, thereby reducing the incidence of these 
adverse outcomes. FBG as a screening test for GD in 
the first trimester of pregnancy is not widely accepted, 
as many expert panels advocate the 2-hour OGTT at 
24–28 weeks of gestation for all pregnant women. 
As a diagnostic tool, FBG presents some limitations 
as it seems to be more sensitive than specific for the 
screening of GD (33,34). Physiologically, there is a 
fall in FBG in early pregnancy, so mild hyperglycemia 
at the beginning of the pregnancy may represent early 
glucose intolerance. As there is a continuous relation 
between maternal hyperglycemia and adverse pregnancy 
outcomes (12), we believe FBG should be evaluated in 
all pregnant women during the first trimester, especially 
if overweight or obese, in order for early detection of 
GD and to prevent possible adverse outcomes. 

Gestational weight gain in the obese and overweight 
group was inferior compared to normal weight and 
underweight women, which is concordant with other 
studies (20,21,23). This suggests a recognition of 
the potential risks overweight and obese women face 
during pregnancy and, possibly, a more intensive 
intervention in these women. However, regarding their 
initial BMI, a considerable percentage of women in 
the overweight and obese groups still had an excessive 
weight gain, suggesting a need to improve counseling 
prior to conception, in order to reduce the percentage 
of women with excessive body weight at the beginning 
of the pregnancy. The gestational weight gained during 
pregnancy was different between women diagnosed in 
the first trimester of pregnancy and women diagnosed 
following the OGTT [9.2kg (IQR 6-13) vs. 10.5 kg 
(IQR 7-14), p < 0.001). An early implementation of 

diet and lifestyle modification following the diagnosis 
of GD may have ameliorated excessive weight gain in 
women diagnosed in the first trimester.

Our study has several strengths and limitations. 
A major strength is it included a large multicenter 
cohort of women with GD. We also show evidence 
for the clinical relevance of screening for GD in the 
first trimester of pregnancy, supporting the IADPSG 
recommendations regarding early identification of GD.

The main limitation of this study lies within its 
retrospective design. Retrospective studies are subject to 
the quality of information available, and information may 
be incomplete. In this case, our database lacked information 
on maternal ethnicity, household income, socioeconomic 
class, or smoking status. These maternal characteristics 
could influence pregnancy outcomes. Another limitation 
is the lack of data on the adequacy of glycemic control 
and on dietary plans. In our study, we couldn’t access 
glycemic control or dietary plans among pregnant 
women with GD with and without overweight/obesity. 
Uncontrolled hyperglycemia is a well-known risk factor 
for maternal and fetal adverse outcomes, and Huett 
and cols. reported an increased rate of induced labor, 
macrosomia, and LGA newborns in uncontrolled GD 
that was independent of obesity (15). 

This study only included women with GD. As the 
epidemic of obesity rises, it is important to compare 
pregnancy outcomes in overweight and obese women 
with and without GD, in order to access the influence of 
both maternal hyperglycemia and obesity. For instance, 
Martin and cols. reported an increased risk of cesarean 
delivery and LGA newborns in obese women that was 
independent of GD (6); Blickstein and cols. suggested 
the risk of preeclampsia and macrosomia was influenced 
by obesity only (25); and, more recently, Huett and 
cols. described a higher risk of macrosomia in obese 
women without GD compared to obese women with 
GD and a significantly increased risk for cesarean section 
and maternal morbidity in obese women, regardless of 
the control of diabetes (15). 

In conclusion, this study provides evidence maternal 
pre-pregnancy BMI influences pregnancy outcomes in 
women with GD, as previously shown in other reports. 
In our study of a large population of women with GD, 
pre-pregnancy BMI was an important determinant 
of adverse pregnancy outcomes, such as gestational 
hypertension, preeclampsia, induced labor, cesarean 
section, macrosomia, and LGA. Efforts to reduce 
overweight and obesity prior to conception and to 
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reduce excessive weight gain in women with GD should 
be made, in order to avoid these adverse outcomes. 
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ABSTRACT
Objective: This study aimed to present the impact of age and gender on thyroid hormone levels in 
a large Chinese population with sufficient iodine intake. Subjects and methods: A total of 83643 
individuals were included and were stratified by age and gender. The median, 2.5th and 97.5th of 
thyrotropin (TSH), free triiodothyronine (FT3), free thyroxine (FT4) and FT3/FT4 ratio were calculated 
for both genders for every decade from 18 to over 80 years. TSH, FT3, FT4, FT3/FT4 distribution in 
each age group was evaluated for females and males using smoothing splines in the generalized 
additive models (GAM). TSH concentrations were compared in the different age groups in gender. 
Results: In the over 80s age group, the TSH level (median: 2.57 mIU/L, 2.5th-97.5th: 0.86-7.56 mIU/L) 
was significantly higher than other age groups, irrespective to gender (P<0.001). Females had a higher 
TSH value than males in all age groups (P<0.001). Results of the smoothing curves showed that TSH 
increased with age, FT3 concentration was higher in males than in females and the tendency of the 
FT3/FT4 ratio was basically similar to that of FT3. TSH concentration in the 50s age group (median 
2.48 mIU/L for females versus 2.00 mIU/L for males) was significantly higher than that in the 30s age 
group (median 2.18 mIU/L for females versus median 1.85 mIU/L for males). Conclusions: In accord 
with increasing TSH values during aging, females and older adults have lower FT3 values and lower 
FT3/FT4 ratios, while the FT4 values remain stable. Arch Endocrinol Metab. 2020;64(1):52-8
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INTRODUCTION

A growing number of studies have shown that the 
hypothalamic-pituitary-thyroid axis response to 

thyroxine (T4) and triiodothyronine (T3) levels has 
changed due to modifications in the set points by 
age (1,2). The thyroid gland affected by age might 
modify the set point of response to FT4 or FT3 level, 
resulting in changed thyrotropin (TSH) levels in older 
adults (3,4). Surks and cols. (5) reported that within 
the age-specific distribution of serum TSH in the US 
population, the 97.5th percentiles were 5.9 mIU/L 
for individuals aged 70-79 and 7.5 mIU/L for those 

aged 80 and older. Zhai and cols. (6) examined the 
prevalence of thyroid disease in older adults aged ≥ 65 
years and found that the serum TSH level increases 
with age, which may represent a normal compensatory 
phenomenon in that age group. The evidence from such 
studies suggests that TSH levels increase with age and 
that an age-specific reference limit for TSH is essential.

However, the idea of age-related changes in TSH 
remains controversial and few studies have focused on 
the age-related changes in thyroid hormone in large 
Asian populations. In China, an epidemiological study 
of 5348 inhabitants living in areas with sufficient iodine 
indicated that females had a higher TSH value than 
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males, but no positive correlation was detected between 
age and TSH values (7). Biochemically manifested 
thyroid dysfunction with abnormalities in serum T4, T3 
and thyrotropin (TSH) levels has a higher prevalence in 
females (5- to 10-fold higher) than in males (8-10). 
Therefore, the association between TSH levels and age 
and gender are of great importance in diagnosing and 
treating thyroid disease, especially in the subclinical 
thyroid disease stages (11).

The goal of the present study was to represent 
the impact of age and gender on the levels of thyroid 
hormone. Specifically, this study aimed to investigate 
the relationship between thyroid hormone and age/
gender in a large Chinese population of 83643 
individuals aged in 18-90 years old who live iodine 
sufficient areas.

SUBJECTS AND METHODS

Study population 

This was a retrospective analysis of the patients’ data. 
The participants with thyroid function tests were 
recruited in physical examination center of Sichuan 
Provincial People’s Hospital from October 2013 to 
April 2017.We identified participants as having no 
thyroid disease using the following exclusion criteria: 
1) adults without a diagnosed thyroid disease; 2) serum 
FT4 or FT3 not within the reference range (FT4 
9.01–19.05 pmol/L and FT3 2.63–5.70 pmol/L); 3) 
serum TSH levels lower than 0.35 mIU/L or above 
10 mIU/L, since such patients would have been under 
medical supervision and were more likely to be ill 
(12); 4) to eliminate the influence of thyroid antibody, 
population with positive thyroid antibody was excluded. 
Positive thyroid antibody was defined as serum TgAb > 
75 IU/mL and serum TPOAb > 30 IU/mL.

Serum TSH, FT4 and FT3, thyroid peroxidase 
antibodies (TPOAb), thyroglobulin antibodies 
(TgAb) and related information such as gender 
and age were included in this study. The study 
was approved by the ethics committee in Sichuan 
Provincial People’s Hospital. 

Laboratory assays

Standard laboratory quality evaluation procedures 
were routinely employed, and regular participation 
at interlaboratory tests was also part of the quality 
management strategy. Serum levels of TSH, FT3, FT4, 

TgAb, and TPOAb were measured using automated 
chemiluminescent immunoassays (Architect i2000SR; 
Abbott Laboratories, Chicago, IL). The functional 
sensitivity of serum TSH was 0.0036 mIU/L. 
The laboratory reference ranges provided by the 
manufacturer were as follows: TSH 0.35–4.94 mIU/L, 
FT4 9.01–19.05 pmol/L, FT3 2.63–5.70 pmol/L, 
TPOAb < 30 IU/ml, and TgAb < 75 IU/ml. 

Statistical methods

Statistical analyses and screening for all figures were 
obtained using R version 3.5.1, as previously described 
(13). The euthyroid participants were stratified by age 
groups as follows: 18-29, 30-39, 40-49, 50-59, 60-69, 
70-79, age 80 years and older (“over 80s group”). The 
median, 2.5th percentiles, 97.5th percentiles of TSH, 
FT3, FT4 were calculated for each age group. Wilcoxon 
scores (rank sums) and Kruskal-Wallis test were used 
to compare the nonparametric TSH distributions of 
the different age groups. The median of TSH, FT3, 
FT4 and FT3/FT4 ratio was plotted using smoothing 
splines in generalized additive models (GAM) (14). The 
frequency distribution curves of TSH concentration 
were compared between the 30s and 50s age groups 
according to TSH distributions at all ages. 

RESULTS

In total, the data of 97619 participants were analyzed 
in the present study. After excluding participants with 
abnormal FT4, 12.97% (12661) participants were 
positive for the thyroid antibody, and 0.35% (300) 
participants had TSH levels higher than 10    mIU/L. 
Finally, a total of 83643 participants, including 48602 
(57.5%) males and 35509 (42.5%) females, were in 
the further analyses. As shown in Table 1, the study 
population was divided into age groups of 18-29 years 
(n = 13303, 15.9%), 30-39 years (n = 20764, 24.8%), 
40-49 years (n = 23278, 27.8%), 50-59 years (n = 
15112, 18.1%),60-69 (n = 7180, 8.6%),70-79 (n = 
2826, 3.4%), and age 80 years and older (n = 1180, 
1.4%). Most of the participants were younger than age 
50 years and a relatively large portion was within the 
30-50 year age range.

The intra-assay coefficients of variation (CV) of 
serum TSH, FT4, FT3, TPOAb, and TgAb were 1.3%–
6.3% and the inter-assay CV values were 2.0%-6.6%. 
The median, 2.5th and 97.5th percentiles of TSH, FT3, 
FT4 and FT3/FT4 ratio were compared between males 
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and females and the age groups for all participants with 
negative thyroid antibody (Table 1). The median TSH 
value increased with age and the median TSH values 
were the lowest in the 20s and 30s age groups and the 
highest in the 80s age group for all participants (P < 
0.001). Median TSH ranged from 1.98 mIU/L-2.57 
mIU/L. Females had a higher TSH value than males 
(P < 0.001). Accordingly, females had a lower FT3, 
FT4 and FT3/FT4 ratio in comparison with males 
(P < 0.001). Overall, TSH levels increased with 
increasing age (Figure 1A). The median TSH increased 
significantly in females at the age of 30 years. Similar to 
that observed for the TSH levels, FT3 concentration 
was higher in males than in females, but a stepwise 
decrease was noted in FT3 with increasing age (Figure 

Table 1. TSH, FT3, FT4 and FT3/FT4 ratio on Median, 2.5th and 97.5th percentiles by gender and age in non-thyroid disease participants

Age-group Number
N

TSH (mIU/L)
Median 

(2.5th-97.5th)

FT3 (pmol/L)
Median 

(2.5th-97.5th)

FT4 (pmol/L)
Median 

(2.5th-97.5th)

FT3/FT4 ratio
Median 

(2.5th-97.5th)

Total

18~29 13303 2.04 (0.79-5.17) 4.70 (3.57-5.62) 12.93 (10.50-15.82) 0.36 (0.27-0.46)

30~39 20764 1.98 (0.77-5.20) 4.64 (3.55-5.61) 12.72 (10.37-15.60) 0.36 (0.27-0.47)

40~49 23278 2.08 (0.76-5.68) 4.61 (3.52-5.60) 12.55 (10.14-15.62) 0.37 (0.27-0.47)

50~59 15112 2.16 (0.77-5.99) 4.62 (3.56-5.57) 12.52 (10.06-15.62) 0.37 (0.27-0.47)

60~69 7180 2.17 (0.74-6.16) 4.57 (3.49-5.54) 12.55 (10.00-15.70) 0.36 (0.27-0.47)

70~79 2826 2.30 (0.79-6.71) 4.41 (3.34-5.41) 12.68 (9.86-16.18) 0.35 (0.25-0.46)

≥ 80 1180 2.57 (0.86-7.56) 4.18 (3.09-5.06) 12.77 (9.97-16.25) 0.33 (0.23-0.43)

Male

18~29 6397 1.90 (1.39-4.65) 4.88 (4.53-5.65) 13.03 (12.11-16.04) 0.37 (0.34-0.47)

30~39 11554 1.85 (1.35-4.67) 4.82 (4.48-5.64) 12.79 (11.88-15.7) 0.38 (0.34-0.48)

40~49 13776 1.91 (1.38-4.94) 4.77 (4.42-5.63) 12.59 (11.65-15.69) 0.38 (0.34-0.48)

50~59 9166 1.99 (1.41-5.34) 4.70 (4.35-5.60) 12.49 (11.57-15.60) 0.37 (0.34-0.48)

60~69 4425 2.02 (1.45-5.43) 4.61 (4.23-5.56) 12.44 (11.45-15.60) 0.37 (0.33-0.48)

70~79 1891 2.21 (1.61-6.62) 4.41 (4.04-5.41) 12.58 (11.50-16.13) 0.35 (0.31-0.47)

≥ 80 853 2.50 (1.72-7.15) 4.18 (3.82-5.06) 12.65 (11.68-16.25) 0.33 (0.30-0.43)

Female

18~29 6906 2.20 (1.57-5.51) 4.53 (4.18-5.49) 12.84 (12.01-15.60) 0.35 (0.32-0.45)

30~39 9210 2.19 (1.57-5.64) 4.40 (4.06-5.37) 12.62 (11.79-15.43) 0.35 (0.32-0.44)

40~49 9502 2.40 (1.70-6.40) 4.38 (4.04-5.41) 12.49 (11.64-15.49) 0.35 (0.32-0.45)

50~59 5946 2.46 (1.73-6.84) 4.5 (4.15-5.47) 12.56 (11.71-15.64) 0.36 (0.32-0.46)

60~69 2755 2.43 (1.70-6.96) 4.52 (4.18-5.50) 12.71 (11.73-15.89) 0.35 (0.32-0.46)

70~79 935 2.51 (1.59-7.20) 4.39 (4.03-5.40) 12.91 (11.90-16.32) 0.34 (0.31-0.44)

≥ 80 255 2.90 (2.00-8.03) 4.20 (3.85-5.13) 13.19 (11.95-16.47) 0.32 (0.28-0.44)

1C). A similar trend in gender was noted for FT4 levels 
(Figure 1D). The FT3/FT4 ratio remained stable until 
age 60 years, followed by a rapid decrease (Figure 1B).

The 30s and 50s age groups were selected for 
comparing the TSH concentration between males and 
females. As shown in Figure 2, the frequency distribution 
curves were non-overlapping; the distribution of the 
50s age group shifted to higher TSH concentrations 
and a flat curve was observed in comparison to that 
in the 30s age group. Differences in the 50s age 
group were significantly higher than those in the 30s  
age group (median 2.48 mIU/L for females and  
2.00 mIU/L for males in the 50s age group, median 
2.18 mIU/L for females and 1.85 mIU/L for males in 
the 30s age group (P < 0.001). 
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Figure 1. The curve for median TSH, FT3, FT4, and FT3/FT4 ratio vs. age by gender. (A) Shows TSH-age points and smoothing curves for females (red) 
and males (blue). (B) FT3/FT4 ratios of females (red) and males (blue). (C) FT3 levels of females (red) and males (blue). (D) FT4 levels of females (red) and 
males (blue).

Figure 2. TSH distribution curve for the 30s and 50s age group devided by gender.
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DISCUSSION

In the present study, the data of 83643 participants 
without thyroid disease were analyzed and the 
distribution of median and 2.5th and 97.5th percentiles 
for TSH, FT3, FT4 and FT3/FT4 ratio were compared 
by gender and age. We found that TSH values 
increased with age and that females and older adults 
(70s age group and over 80s group) had lower FT3 
and lower FT3/FT4 ratios, while FT4 level remained 
stable. Serum thyrotropin increased progressively with 
age, which agrees with the results of previous studies 
(3,5,6). Both the females and males showed progressive 
changes in TSH levels with age. Females had higher 
TSH levels than males, which was also observed in 
previous studies (7,15,16). In a retrospective analysis 
of 465593 TSH measurements from non-thyroid 
disease subjects, females had a significantly higher TSH 
than males and the reference intervals for TSH varied 
significantly by age, gender, time and ethnicity (17). 
Previous experiments have also suggested that decreases 
in estrogen may coincide with thyroid hormone activity 
(18). The Fisher Rat Thyroid Cell Line cells (FRTL-5) 
contain functional estrogen-responsive reporters (ERs), 
and estradiol promoted FRTL-5 thyroid cells growth in 
a time- and concentration-dependent manner, a process 
occurs in either the absence or presence of TSH (19). 
Thus, that mechanism may help to explain the gender-
specific increase in TSH in premenopausal women. 
However, the mechanism of increased TSH associated 
with age after menopause is still not clear, even though 
the results of the above studies suggest that TSH levels 
may be associated with gender differences. In the 
present study, females were shown to have a higher TSH 
level and a different pattern of TSH increase compared 
to the males. However, the increase in TSH level 
associated with age occurred earlier, starting at about 
age 30 years in females compared with that in males. 
In a Western Australian study with 148938 individuals, 
a similar phenomenon was observed but it started at 
35-40 years and the difference in TSH levels between 
females and males was insignificant (20). Suzuki and 
cols. (21) established a thyroid hormone resistance 
index based on the log-linear relationship between 
TSH and free thyroid hormone and proposed a gender-
specific response to the relationship of thyroid hormone 
with age. Their results showed that the resistance 
indices were not altered in males aged between 25-34 
years and 55-64 years, but a tendency for resistance 
indices to increase was found in the same 25-64 years 

age groups (21). In 2011, Li and cols. (22) reported 
that the TSH levels of teens aged 12-19 years were 
significantly higher than in the other age groups, with 
no significant differences in the TSH values of other 
age groups. Although adolescents were not recruited 
in the present study, a tendency toward increased TSH 
levels in adults was observed and TSH levels in the 80 
years and over age group were significantly higher than 
those in other age groups. 

It appears that the increase in TSH with age 
may not be secondary to thyroid antibody or iodine 
alterations. In a longitudinal community-based study 
conducted in Australia, the age-related TSH increase 
was thought to stem from age-related alterations in 
TSH set points or due to reduced bioactivity rather 
than thyroid disease (23). Genetic factors may also 
influence these changes, as previously reported (24-
26). According to Sun and cols. (27), the upper limit 
of the reference interval for TSH was increased to 2.38 
mIU/L (0.71mIU/L-6.25mIU/L) in the Chinese 
population. In addition, similar to our results, Yan and 
cols. (28) reported that the median serum TSH value 
increased to 2.64 mIU/L in 1334 thyroid disease-free 
subjects in Chengdu. At the same time, the prevalence 
of subclinical hypothyroidism in 2012 was reported 
to be significantly higher compared to that in 1999 
(16.7% vs. 3.22%) (11). Due to age-related TSH levels, 
the prevalence of subclinical hypothyroidism would be 
significantly overestimated unless an age-specific range 
for TSH was used.

TSH modulates the production of thyroid hormone 
and is affected by the negative feedback control 
of thyroid hormone, which is primarily influenced 
by circulating T3 levels. In the present study, FT3 
levels in males showed a stepwise decrease as TSH 
increased with age. However, FT3 levels in females 
showed fluctuations in relation to the level of TSH. 
Interestingly, in FT4 level in both females and males 
was basically the same. FT3/FT4 ratios remained stable 
until the age of 60 years followed by a rapid decline. 
This phenomenon was also reported by Strichet and 
cols. (29), that is, as TSH increased, the FT3/FT4 
ratio increased until the age of 40 years followed by a 
significant decrease in the 60s age group. In the present 
study, construction of the age-related curve showed 
a decrease in FT3 and an increase in TSH – changes 
seemlingly interdependent of each other. The ratio of 
serum FT3 concentration to FT4 concentration is a 
useful indicator for assessing the peripheral metabolism 
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of thyroid hormone, which is affected by the conversion 
of FT4 to FT3 or due to the transport of T4 into T3-
producing tissues (30). The majority of T3 comes from 
the conversion of T4 in the peripheral circulation, 
which is regulated by the iodothyronine deiodinases 
D1, D2 and D3, and iodothyronine deiodinases D2 is 
the main source of T3 in plasma in euthyroid people 
(31). Animal studies suggest that serum FT3 and FT4 
decrease gradually with age and a significant decrease 
was shown in the senescent Wistar rats (24 months old), 
and reduced deiodinase activity may be responsible for 
this phenomenon (32). Currently, FT3 levels are not 
recommended by any of the guidelines as criteria for the 
diagnosis of hypothyroidism. However, the decrease in 
FT3 seems to be responsible for the increase in TSH 
in older adults. In this instance, the current accepted 
normal TSH reference range might not be suitable for 
the diagnosis of subclinical hypothyroidism in older 
adults. Biondi and cols. (33) and Atzmon and cols. (34) 
recommended that individuals with TSH levels above 
the upper limit of normal should be reassessed every 
6-12 months to exclude transient TSH level increase. 
Individuals with heritable longevity and exceptional 
longevity have been shown to have higher serum TSH 
(34-36). Thus, we may speculate that higher serum 
TSH is beneficial for older adults. 

In the present study, the positive definition of thyroid 
antibodies based on clinical laboratory standards. We 
excluded antibody positive samples using two anti-
thyroid antibodies, which made our analytic sample 
more rigorous and unified. Nevertheless, this study has 
some limitations. These include, but are not limited to, 
medications, dietary habits, pregnancy and menopause.

In conclusion, serum TSH increases with age in the 
general Chinese population without thyroid disease. 
In accord with the increased TSH values during aging, 
females and older adults have lower FT3 values and 
lower FT3/FT4 ratios, while FT4 values remain stable. 
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ABSTRACT
Objective: Diabetes mellitus (DM) is a chronic disease with great impact on patients’ quality of life (QoL). 
This variable can be measured using reliable, standardized, and validated instruments. The purpose of 
this study was to evaluate the application and reporting of the Diabetes Quality of Life Measure (DQOL) or 
the Diabetes Quality of Life for Youths Measure (DQOLY), an adapted version for young patients with DM. 
Materials and methods: A systematic review of interventional and observational studies using the DQOL 
or DQOLY was performed. Searches were conducted in the electronic databases Medline, Scopus, Web of 
Science, Lilacs, and SciELO. Results: After conducting the searches, 111 studies met the inclusion criteria 
and were included in the qualitative analysis. Of these, 32 studies were classified as interventional and 79 as 
observational, with 27,481 patients. The DQOL was applied in 82 studies, the DQOLY in another 27, and two 
studies used both instruments. DM was classified as type 1 DM in 69 studies and type 2 DM in 35 studies. 
Six studies included both patients. Improvement in patients’ QoL after an intervention was observed in 
13 interventional studies. Most of the studies (90%) provide a detailed description of the instrument and 
52% the previous validation. The interpretation of the scores obtained varies among the studies, probably 
due to the differences inherent in cultural validations, translations, and adaptations. Conclusion: The 
application of the instruments in clinical practice must be rigorously standardized and requires an accurate 
understanding of psychometric and statistical concepts. Arch Endocrinol Metab. 2020;64(1):59-65
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INTRODUCTION

D iabetes mellitus (DM) is a major global epidemic 
and a serious public health problem (1) affecting 

around 415 million people worldwide (2). The chronic 
nature of the disease, in addition to increasing the 
chances of developing complications, makes DM 
onerous for individuals and for a country’s public health 
system. DM costs go beyond the direct and indirect 
costs of the disease to include intangible costs such as 
pain, anxiety, and worsening of quality of life (QoL). 
QoL has a great impact on the life of diabetic patients 
as well as a direct relationship with the maintenance of 
glycemic control (3,4).

Psychosocial and QoL assessments are fundamental 
health outcomes that should be measured frequently 

during the treatment of DM patients (5). Among the 
main tools for measuring QoL are the Diabetes Quality 
of Life Questionnaire (DQOL), developed by the 
multicentric group Diabetes Control and Complications 
Trial (DCCT) in 1988 to evaluate the effects of 
intensive treatment on the QoL of patients with type 
1 DM (T1DM). The instrument was validated for use 
in patients with type 2 DM (T2DM), and the version 
for adolescents and young adults, the Diabetes Quality 
of Life for Youths Measure (DQOLY), was adapted by 
Ingersoll and Marrero in 1991 (6). The questions of 
these instruments are based on three perspectives: the 
impact generated by DM, satisfaction, and concern 
about the effects of the disease (7). The instruments are 
not interchangeable between adults and adolescents, 
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since in youths mental health seems to contribute more 
to the perception of QoL than to physical health (8). 
In Brazil the DQOL and DQOLY tools were validated 
in 2008 by Correr and cols. and Novato and cols., 
respectively (9,10).

However, despite the existence of instruments 
already validated, the literature lacks evidence on 
the application and reporting of the results of these 
instruments. This may increase biases in the generation 
and interpretation of outcomes, as well as affect the use 
of this evidence for clinical practice.

In this context, the objective of our study was to 
systematically evaluate the application and reporting of 
the DQOL and DQOLY instruments in interventional 
and observational studies with type 1 or 2 DM patients. 
In addition, we discuss the relationships between QoL 
measured and clinical, demographic, psychological, and 
metabolic variables.

MATERIALS AND METHODS 

Search and eligibility criteria

A systematic review was conducted according to the 
recommendations of the Cochrane Collaboration and 
PRISMA statement (11,12). All steps were conducted 
by two independent reviewers, with a third reviewer 
for consensus meetings. Systematic searches were 
conducted in the electronic databases Medline, Scopus, 
Web of Science, Scielo, and Lilacs. The searches were 
complemented by a manual search in the reference lists 
of included studies and in non-indexed records (Google 
Scholar). For the search, the following descriptors 
and their variants were used: diabetes, quality of life, 
DQOL, and DQOLY.

The acronym “PICOS” was used as an initial basis 
for establishing the eligibility criteria of the studies: 
P = patients (in any age group, sex, or ethnicity) 
with a diagnosis of DM (type 1 or 2) of any etiology, 
with or without comorbidities. We included studies 
evaluating any type of intervention (pharmacological 
or not) or only in follow-up of the patients (absence of 
intervention); I/C = application and/or evaluation of 
the use of DQOL and/or DQOLY tools; O = DQOL 
and/or DQOLY instruments measurements; S = 
interventional or observational studies.

We excluded studies with languages different from 
English, Portuguese, or Spanish; specific validation studies 
of instruments; instruments answered by third parties 

or not described; other types of instruments for QoL 
assessment; and patients with other etiologies of DM.

Data extraction and summary of results

The studies found during the systematic search went 
through the screening stages (reading titles and 
abstracts), and the included studies were read in full 
and evaluated according to the eligibility criteria. 
The selected studies had their data extracted in pre-
elaborated worksheets (Microsoft Excel). Data were 
extracted on (i) sociodemographic variables: age 
and sex; (ii) clinical variables: etiology of DM (type 
1 or 2), interventions or follow-up, duration of 
disease (time from diagnosis), control and evolution 
of the disease (glycated hemoglobin – HbA1c%), 
presence of complications (neuropathy, hypertension, 
retinopathy, or nephropathy), and body mass index  
(BMI kg/m2); and (iii) humanistic variables: QoL (score 
and evaluation in the DQOL or DQOLY instruments).

Regarding the DQOL and/or DQOLY tools, we 
evaluated (i) the instrument description (number of 
questions and domains) and adaptations; (ii) validation 
of the tool (Cronbach’s alpha, validated language); and 
(iii) interpretation of the results obtained.

The evidence was synthesized qualitatively and 
quantitatively. In the descriptive statistics, absolute and 
relative values or frequencies were used to describe 
categorical variables and trend measures for continuous 
variables.

Regarding the DQOL and/or DQOLY tools, we 
evaluated (i) the instrument description (number of 
questions and domains) and adaptations; (ii) score used 
(scoring scale); (iii) validation of the tool (Cronbach’s 
alpha, validated language); and (iv) interpretation of 
the results obtained.

The evidence was synthesized qualitatively and 
quantitatively. In the descriptive statistics, absolute and 
relative values or frequencies were used to describe 
categorical variables and trend measures for continuous 
variables.

RESULTS

A total of 647 records were initially identified from 
the electronic databases. After the withdrawal of 354 
duplicates, the titles and abstracts of 293 articles were 
screened, of which 178 were selected for reading 
in full. After this stage, 111 articles were eligible 
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for qualitative evaluation, referring to 110 studies, 
including interventional (n = 32) and observational 
(n = 78) studies (Figure 1). Table 1 presents the main 
characteristics of the included studies.

Patients diagnosed with T1DM were evaluated in 
69 studies and patients with T2DM in 35 studies. Six 
observational studies followed both types of patients. 
The mean time of DM ranged from two to 29 years, 

and the majority of the patients did not present the 
disease well controlled (Table 2).

In the interventional studies, the relationship of 
the QoL with the applied interventions was evaluated. 
Statistically significant improvement in QoL was 
observed in the patients in the intervention group 
compared to the control group in 13 studies (40.6%) 
(Table 3).

Figure 1. Flowchart of lhe study selection process

Table 1. Characteristics of included studies

Interventional studies Observational studies

Number of studies 32 78

Study design 20 (RCT)

9 (quasi-experimental)

2 (NR)

1 single-arm clinical study

50 (transversal)

16 (longitudinal)

10 (others)

2 (ambidirectional)

Evaluated 
interventions

12 (treatment efficacy)

9 (educational programs)

7 (behavioral)

4 (telemedicine)

Several (QoL assessment, 
follow-up, glycemic control, 
association with variables: 

gender, age)

Publication year 1988 to 2015

78.1% after 2000

1992 to 2016

92.3% after 2000

Country 9 USA – 28%

4 Canada – 12.5%

4 multicentric – 12.5%

25 USA – 32%

7 Brazil – 9%

7 Italy – 9%

Study duration 3 days to 6.5 years 4 months to 23.5 years*

Number of patients 6,612 20,869

Age 12 to 70 years 5.6 to 68.2 years

Male 50.7% 48.1% 

* For longitudinal studies.
RCT: randomized controlled study; NR: not reported; QoL: quality of life.

Scopus (n = 249)  Web of Science (n = 206)  

Records found in electronic 
databases (n = 647) 

Records after duplicates 
removal (n = 293) 

Records selected for title and 
abstract reading (n = 293) 

Records selected for full 
reading (n = 178) 

lncluded studies for qualitative 
synthesis (n = 111) 

Records excluded after first 
screening (n = 647) 

67 deleted records:
- 24 study design;
- 21 quality of life assessment 

metrics; 
- 14 incomplete data; 
- 8 language (non-roman character) 

Medline (n = 174)  

Duplicates (n = 354) 

Lilacs (n = 13) SciELO (n = 5)

Table 2. Clinical characteristics of patients with DM included in the 
studies

Interventional 
studies (N = 32)

Observational studies  
(N = 78)

DM duration (mean) 5.1 to 24 years 2 to 29 years

DM etiology 20 (T1DM)

12 (T2DM)

49 (T1DM)

23 (T2DM)

6 (both)

Basal HbA1c (mean) 6.1 to 11% 7 to 12.2%

Final HbA1c (mean) 5.9 to 9.5% 7.1 to 9.6% 

*(N = 14)

Other variables BMI: 20 to 35 kg/m2 
(N = 37);

Complications: neuropathy, 
nephropathy, or retinopathy 

(N = 26);

Comorbidities: hypertension 
(N = 12)

N: number of studies; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; BMI: body 
mass index; HbA1c: glycated hemoglobin. * Studies that presented results for this variable.
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Figure 2. Data on instrument description and validation.

Figure 3. Punctuation and interpretation of DQOL and/or DQOLY data.

Tool description Previous validation
N/R

10%

N/R

48%

Yes

90%

Yes

52%

Punctuation
scale

Interpretation of
total punctuation

63%

1% Multiple choice

6%

30%
Hight score

re�ects
worst QoL

42%

Hight score
re�ects

better QoL
44%

By domaind
14%

5 points (1-5)

100 points Likert 5 points

Table 3. Interventions assessed in interventional studies

Interventions N  IG > CG  
(p < 0.05)

Not 
significant

CG > IG  
(p < 0.05) NR

Treatment efficacy 12 9 3 - -

Educational programs 9 - 7 1 1

Behavioral 7 2 3 - 2

Telemedicine (mobile text 
message tracking, websites)

4 2 2 - -

N: number of studies; IG: intervention group; CG: control group; NR: not reported.

Considering the use of instruments to assess QoL, 
81 studies (73.6%) applied the DQOL instrument; 27 
studies (24.5%) used the DQOLY; and two other trials 
(1.8%) used both tools. Modifications or adaptations 
of the DQOL and/or DQOLY tools were found in 
11 studies, called DQOL-Brief, DQOL-Modified, and 
DQOLY-Short form.

The information obtained in the studies with the 
application of the DQOL and/or DQOLY tools in 
relation to their description and validation parameters 
is summarized in Figure 2. Regarding the instrument 
score, 77% of the studies reported this information. 
Figure 3 represents the instrument’s punctuation 
form (way of obtaining the points and scale used) and 
interpretation of the total scores obtained. Evidence 
was available on 110 studies.

DISCUSSION

In the present study, the use of specific instruments 
already well established and validated in several 
countries, including Brazil, was evaluated for the 
QoL of patients with DM: DQOL and DQOLY. 
Both interventional and observational studies were 
systematically evaluated to obtain an overview of the 
application and reporting of these instruments. The 
shorter version of the instrument makes it easier to 
apply in clinical practice, since the modified version 
allows adaptation to the peculiarities of the study and 
the study population (13,14).

These instruments are useful not only to know the 
reality of the patient at a given moment of time, but 
also to determine changes in QoL after an intervention, 
be they educational, psychological, therapeutic or 
pharmacological, or follow-up to treatment (15). 

Although the vast majority of studies (90%) described 
the QoL tool used, only half reported the validation or 
language of the instrument in the study. This creates 
an impasse, because it makes it difficult to evaluate 

the quality of the decisions or evidence (validity) and 
the quality of the data obtained (reliability) (16). In 
terms of instrument scores, most studies used a five-
point Likert scale. This is probably because this type 
of scale is widely used and easy to interpret. The Likert 
scale measures attitudes and behaviors using response 
options that vary from one extreme to the other (very 
satisfied to very dissatisfied) and allows to discover levels 
of opinion (17). In the original instrument, the score 
is made by a Likert scale of five points, ranging from 1 
(very satisfied or slightly worried) to 5 (unsatisfied or 
very worried) (7).

Regarding the interpretation of the DQOL and/
or DQOLY data, it was observed that the studies do 
not follow a standard. The authors who describe the 
interpretation of the results do so in directly proportional 
scales in half of the studies, while in the other half the 
results are evaluated in inversely proportional scales. 
In addition, some studies present the interpretation 
of the results by domains. This is probably due to the 
differences inherent in the validations, translations, and 
adaptations of the instruments in different countries 
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according to the local population and cultures in 
order to increase the specificity and precision of the 
measurements of the QoL (18). However, greater 
standardization would have to exist in order to avoid 
bias and misinterpretation.

The overall results of the studies evaluated in the 
systematic review demonstrated that sociodemographic 
and cultural variables may be correlated with QoL, 
as already mentioned in a study by Kiadaliri and cols. 
(19). In this study, the authors reported low QoL 
results associated mainly with Iranian patients (women) 
with worse disease control (higher HbA1c values) and 
advanced age with higher complications and lower 
socioeconomic level (19). The study by Trento and 
cols. also shows that the QoL of patients with T1DM 
is influenced by the age of the patient at the time of 
diagnosis of the disease, and patients of advanced age 
have a worse perception of QoL. This is probably due 
to the earlier diagnosis and care of DM incorporated 
as part of the routine and, consequently, better 
acceptance of the pathology and its treatment, with a 
lower impact on the patient’s life (20). Regarding the 
gender variable, other studies report differences in the 
perception of QoL, with women generally presenting 
scores that reflect a worse perception of QoL compared 
to men (21).

In addition to these aspects, we highlight the 
clinical variables as affecting the QoL of patients with 
DM. Several studies have shown that patients with 
better metabolic control (considering the reduction in 
HbA1c levels) have a better QoL (3). This is mainly 
related to better control of the disease, which reduces 
DM complications (22). In this review, baseline mean 
HbA1c ranged from 6.1% to 11% in interventional 
studies and from 7% to 12.2% in observational 
studies. It was reduced in the range of 5.9% to 9.5% in 
interventional studies and 7.1% to 9.6% in observational 
studies after the interventions or follow-up of the 
patients. Even with this reduction, these values reflect, 
in accordance with the DM guidelines, poor metabolic 
control of the disease and may have a substantial impact 
on the results obtained for QoL in these studies (4,23).

A review conducted by Smith-Palmer and cols. (24) 
showed that both acute and chronic complications of 
DM are associated with worsening of QoL indexes. 
The etiology of DM may reflect patients’ QoL, and, 
in general, T1DM patients report better QoL than 
those with T2DM, probably due to the younger age 
of the T1DM group and the reduced presence of 

complications of the disease in this group (25). Chronic 
complications most associated with worse QoL include 
stroke and blindness (24). Other studies also mention 
neuropathy, nephropathy, and retinopathy as the main 
causes of QoL reduction. In addition, the number of 
complications and the severity of these complications 
are strong predictors of QoL in diabetic patients (26). 
In the present systematic review, the main complications 
were retinopathy, neuropathy, and nephropathy. Only a 
third of the studies mention this type of subanalysis, 
because most of the studies have as one of the exclusion 
criteria the withdrawal of diabetic patients with 
complications, which makes a more in-depth analysis 
impossible. In observational studies such as cohorts, it 
would be important to include patients with this type 
of profile who better reflect real-world settings.

Other modifiable risk factors such as BMI and 
hypertension may also influence QoL in diabetic 
patients, although these factors have been evaluated in 
a small number of studies – as noted in our systematic 
review – and should be better investigated (24).

From the included observational studies, 
some (transversal and longitudinal cohort studies) 
investigated certain psychological aspects of the 
patients, correlating QoL and depression/anxiety in 
young people with DM. The results demonstrate a 
direct relationship between these variables, indicating 
that the presence of depression and anxiety in the 
patients reduces the perception of QoL (27). The 
review conducted by Naskar and cols. (28) also shows 
the relationship between depression and DM in Indian 
patients, concluding that QoL is strongly related to 
psychological aspects in chronic diseases, which is a 
common comorbidity mainly in patients with T2DM. 
Other studies have shown a higher prevalence of 
depression in subjects with longer duration of diabetes 
(≥ 5 years), poorer glycemic control (HbA1c > 7%), 
and patients using insulin (28,29). Similar data were 
found in this review.

Drug treatment (efficacy) was evaluated in most of 
the included interventional studies, and insulin therapy 
(intensive treatment) was the most studied because of 
the negative impact on QoL. Since the publication by 
the DCCT of the importance of intensive treatment 
for diabetes control, many studies have evaluated the 
impact of these strategies on individuals’ daily life. 
The study from Ridderstrale and cols. shows that the 
simpler treatment regime, with fewer daily injections 
and less planning, has a positive impact on QoL (3). 
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Another important factor evaluated in the 
interventional studies was the relationship of treatment 
(insulin vs. oral antidiabetics) in patients’ QoL. Studies 
report an improvement in glycemic control with the use of 
insulin, but worsening in patients’ QoL (30). In addition, 
studies report an improvement in QoL (satisfaction with 
treatment) and symptoms of hypoglycemia in patients 
using an insulin infusion pump compared to those using 
multiple doses of insulin (three to four times a day) (31). 
The use of devices for continuous infusion of insulin 
was studied as an alternative to improve adherence to 
treatment and metabolic control. Some cross-sectional, 
longitudinal, and comparative observational studies have 
demonstrated that the use of the device is able to improve 
metabolic control and positively reflect QoL (32).

An important aspect to be considered regarding the 
choice of drug treatment is the possibility of opposition 
in the use of insulin in patients with T2DM. This is 
because hypoglycemia and weight gain were cited as 
barriers to the use of insulin treatment, negatively 
impacting QoL and adherence to treatment (30). In 
addition, research has shown that the best results of 
glycemic control and QoL are obtained by empowering 
the patient for decision-making (self-monitoring) 
through educational programs and the follow-up of a 
multiprofessional team (33).

Regarding the interventional studies that analyze 
the effect of other types of interventions besides drugs, 
no statistically significant differences were found in the 
QoL. The following were evaluated: the application 
of an educational program (guidelines on pathology, 
self-monitoring, patient empowerment for decision-
making), telemedicine (supported by technology: 
websites, mobile messages, telephone contact), and 
behavioral intervention (family, marital, and work 
support) (34,35).

In general, the evaluation of interventional 
studies allowed us to obtain an overview of the main 
interventions studied up to the present moment in 
DM, as well as their impact on the QoL. However, 
long-term health effects and outcomes considering 
the patient’s actual (non-randomized clinical) scenario 
are generally not assessed in this type of study. On the 
other hand, observational studies allowed us to visualize 
other aspects of QoL in patients with DM, mainly 
related to sociodemographic and psychological aspects 
and disease control. However, the high heterogeneity 
of these studies did not allow for more comparisons 
and quantitative analyses.

Finally, due to the complexity of DM, several 
dimensions need to be considered for the definition of the 
treatments (pharmacological and non-pharmacological) 
and patient follow-up, including disease etiology, 
comorbidities, and sociodemographic aspects, since 
these also have a great impact on patients’ QoL. The 
use of standardized instruments for QoL assessment 
is essential for generating more consistent evidence. 
In addition, it is strongly recommended that the 
authors standardize the application of the instruments 
and reporting of results. Reviewers and editors 
should require that information on the validation and 
punctuation of such instruments be provided to enable 
greater transparency and reproducibility of evidence.

In conclusion, the use of the DQOL and DQOLY 
instruments shows different results due to the 
application, validations, adaptations, and translations 
of the tools, as well as the intrinsic subjectivity of 
these instruments, evaluated populations, and types of 
studies. This fact may present an obstacle in gathering 
health information and make it difficult to interpret the 
results. The application of the tools in clinical practice 
requires an appropriate and accurate understanding 
of the instruments and of psychometric and statistical 
concepts, and their application in studies should be 
standardized.

Overall, the studies show a high impact of DM on 
patients’ QoL, with the main correlated variables of 
age, sex, disease diagnosis time, glycemic control, and 
presence of complications/comorbidities. More studies 
considering patients in real-world settings are needed 
to better elucidate these correlations.
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ABSTRACT 
Objective: Familial Mediterranean fever (FMF) is an autosomal recessive autoinflammatory disorder 
that is frequently seen in the eastern Mediterranean region. The thyroid gland can be affected in 
FMF patients through autoimmunity or amyloidosis. Here, we aimed to evaluate the structure and 
functions of the thyroid gland in addition to possible autoimmunity in FMF patients. Subjects and 
methods: The study was conducted by the Endocrinology and Metabolism and Internal Medicine 
Departments. Thirty FMF patients and 30 age and gender-matched healthy controls were enrolled in 
the study. Free thyroxin (fT4), free triiodothyronine (fT3), thyroid-stimulating hormone (TSH), and 
anti-thyroid peroxidase (anti-TPO) autoantibodies were investigated. Detailed thyroid grayscale and 
Doppler Ultrasonography examinations and shear-wave elastosonography (SWE) were performed 
in the patient and control groups. Results: Anti-TPO was detected in 24% (n = 7) of the patients. On 
the grayscale US, mean thyroid volumes were similar between the FMF and the control groups (p 
> 0.05). By Doppler US, thyroid vascularity observed was detected in 10.3% (n = 3) of the patients. 
SWE revealed that the mean velocity value of right vs. left lobe in the patient group was 1.77 ± 0.45 
m/s and 1.95 ± 0.51 m/s, respectively. Compared to the control group, the mean velocity values were 
significantly higher in the right (p = 0.004) and left (p = 0.01) lobes of the patient group. The mean 
stiffness value in the patient group was also significantly higher in the right and left lobes [10.13 
± 5.65 kPa (p = 0.005) and 12.24 ± 6.17 kPa (p = 0.02), respectively]. Conclusion: Recognizing the 
complications of FMF early in the course of the disease is as important as the early diagnosis of the 
disorder. Based on this, thyroid functions and changes in its structure should be evaluated carefully 
for early diagnosis of a possible coexisting thyroid disorder. Arch Endocrinol Metab. 2020;64(1):66-70
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INTRODUCTION

Familial Mediterranean fever (FMF) is an autosomal 
recessive autoinflammatory disorder, in which 

patients have recurrent attacks of fever, peritonitis, 
synovitis, pleuritis, and pericarditis, and on rare occasions, 
meningitis (1). FMF is most commonly seen in eastern 
Mediterranean countries. The prevalence of FMF in these 
countries varies between 1/200 and 1/1000 (2). The 
incidence of FMF and the frequency of FMF-associated 
amyloidosis are quite high in Turkey (1,2). The initial 
diagnosis of FMF relies on clinical suspicion and is based 
on clinical criteria that consist of acute and reversible 

serosal attacks, positive family history, and detection of 
mutations by genetic testing (3). Autosomal recessive 
monogenic inheritance is relevant for the disease. The 
gene that is responsible for the disease is located in the 
short arm of chromosome 16 (4). 

Based on current knowledge, there are two possible 
mechanisms by which the thyroid gland might be 
affected in FMF. First, systemic amyloidosis might 
involve the thyroid gland in FMF patients. Due to 
this rarely seen occasion of diffuse amyloid deposition, 
the thyroid might rapidly develop into a diffusely 
enlarged gland, which leads to dyspnea, dysphagia, 
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and hoarseness, which might mimic malignancy (5). In 
the second form, the thyroid gland in FMF is affected 
asymptomatically, and other organs are affected by 
systemic amyloidosis (6).

Thyroid autoimmunity is characterized by the 
infiltration of the thyroid by inflammatory cells 
and elevation of the serum thyroid antibodies, such 
as anti-thyroid peroxidase and anti-thyroglobulin 
antibody. As a consequence of these disturbances, 
some structural modifications might develop in the 
thyroid gland (7). Autoimmune thyroiditis results in 
either thyroid hyperfunction (as in Grave’s disease) or 
hypofunction by the destruction of thyroid structure 
(as in Hashimoto’s Disease) (8). Autoimmune thyroid 
diseases are commonly seen in some rheumatic diseases 
(9). However, FMF is an autoinflammatory rheumatic 
disease but can overlap with autoimmune disorders 
(e.g., autoimmune thyroid disease), which share certain 
inflammatory markers (10). Only a few case reports have 
addressed the co-occurrence of autoimmune thyroid 
disease and FMF; however, it has been suggested that 
FMF aggravates the autoimmune response. Therefore, 
in FMF, autoimmune thyroid disease might be seen 
more frequently than in the healthy population.

In this study, we investigate whether there are 
structural changes in the thyroid of FMF patients 
using shear wave elastosonography and compare the 
status and autoimmunity of the thyroid gland with the 
healthy controls in our geographical region, which is a 
prominent location for FMF.

SUBJECTS AND METHODS

The study was conducted by the Endocrinology and 
Metabolism and Internal Medicine Departments of 
Hatay Mustafa Kemal University School of Medicine. 
Thirty FMF (diagnosed using the Tel Hashomer’s 
criteria) patients and 30 age- and gender-matched 
healthy controls were enrolled in the study. Patients 
with established thyroid disorder were excluded from 
the study. Written informed consent was obtained from 
all patients, and the study was reviewed and approved by 
the Medical Ethics Committee of Hatay Mustafa Kemal 
University. Demographical data (e.g., age, gender, 
and smoking status) and FMF-related parameters 
(e.g., the onset age and the duration of the attacks 
and medications used for treatment) were recorded. 
Physical examination, especially for the presence of a 
palpable goiter mass, was performed on every patient.

After at least 12 h of overnight fasting, blood 
samples were collected from study and control 
subjects. All samples were centrifuged at 1,500 × g 
for 10 min. After separation, serum samples were 
aliquoted and stored at -80°C until the time of assay. 
Serum-free thyroxin (fT4), free triiodothyronine (fT3), 
and thyroid-stimulating hormone (TSH) levels were 
assayed by an electrochemiluminescence method using 
commercially available kits (Siemens Advia Centaur 
XP, USA). The normal reference range for TSH is 
0.57-5.60 mIU/L, for fT3 is 2.60-4.80 pg/mL, 
and for fT4 is 0.80-2.30 ng/dL. Serum anti-thyroid 
peroxidase (anti-TPO) autoantibodies were studied by 
chemiluminescence method (Immulite 2000 XPi, USA) 
and the results were recorded. The reference value for 
anti-TPO (IU/mL) was 0-35 IU/mL. Serum anti-TPO 
levels higher than 35 IU/mL were considered positive. 

Detailed thyroid grayscale and Doppler US 
examinations and elastosonography were performed 
by the same radiologist in Hatay Mustafa Kemal 
University School of Medicine Radiology Department. 
Radiologic studies were evaluated by Logiq E9 shear-
wave elastosonography (Logic E9 XDClear, GE 
Healthcare, Milwaukee, WI, USA) by 9 MHz linear 
transducers. The patients were examined in the supine 
position with their neck in mild hyperextension by 
application of gel at room temperature. Multiple US 
parameters were recorded: the thyroid gland volume 
(craniocaudal × anterior-posterior × transverse 
dimensions × 0.52), the structure and echogenicity 
of the parenchyma, presence of micronodulation, 
and contour irregularity. During the Doppler 
US examination, thyroid vascularization was also 
evaluated. Shear-wave elastosonography (SWE) 
measurements were obtained under normal breathing 
conditions using a linear probe without compression 
application. Full attention was given to achieving 
stillness of the hand of the operator who was taking the 
images. Three different measurements were obtained 
from each lobe at the axial plane, which was distant 
from the vascular structures and with a standard 
2-mm region of interest (ROI) while the probe was 
perpendicular to the parenchyma. The measurements 
in both thyroid lobes were made from the center of 
the lobe with the possible furthest distance from the 
main carotid artery. Stiffness and velocity values were 
obtained in every ROI in kilopascal (kPa) and m/s, 
respectively, and the mean value was recorded for 
each thyroid lobe (Figures 1 and 2).
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RESULTS

Thirty (16 male, 14 female) FMF patients and 30 
healthy volunteers (16 male, 14 female) comprising 
the control group were enrolled in the study. Based on 
physical examinations, goiter was not detected in the 
patient group. The distribution of age across the FMF 
and the control groups was similar (28.6 ± 1.1 and 30.9 
± 11.8, respectively) (p > 0.05) (Table 1). The median 
time of disease duration was 13.5 years (minimum, 3 
years; maximum, 37 years) in the patient group, and 
all the patients were on remission for FMF. Anti-TPO 
antibody levels were found to be slightly elevated [mean 
12.6 ± 5.8 (0-35) IU/mL] over the normal range in 
24% (n = 7) of the patients (Table 1). On grayscale 
US, the mean thyroid gland volume was 6.37 ± 4.72 
mL (minimum, 1.51 mL; maximum, 26.52 mL) in the 
right lobe and 5.31 ± 3.02 mL (minimum, 1.4 mL; 
maximum, 16.07) in left lobe in FMF patients. Mean 
thyroid volumes, which were 5.27 ± 1.92 in the right and 
4.37 ± 1.57 in the left lobe, were similar between FMF 
and control groups (p = 0.35, p = 0.27 respectively). 
The parenchymal structure was heterogeneous in 
41.4% (n = 12) of the patient group. Micronodulation 
with non-malign features was observed in 33.3% 
(n = 9) of the patients. The US findings of thyroid 
autoimmunity, which consisted of contour irregularity, 
pseudonodulation, and intraparenchymal hyperechoic 
septa, were not present in the patient group. Thyroid 
vascularity in Doppler US was elevated in 10.3% (n = 3) 
of the patients (Table 2). Mean velocity values of the 
right and the left lobes in the patient group were 1.77 
± 0.45 m/s and 1.95 ± 0.51 m/s, respectively. Mean 
velocity values of both lobes observed via shear-wave 
elastosonography in the patient group were significantly 
higher than those of the control group (p = 0.004 and 
p = 0.01, respectively). The mean stiffness values were 
10.13 ± 5.65 kPa in the right lobe, and 12.24 ± 6.17 

Figure 1. In the patients group, the thyroid gland shows in the right lobe 
the axial plan of the velocity value.

Figure 2. In the patients group, the thyroid gland shows in the left lobe the 
axial plan of the stiffness value. 

Table 1. Demographic features and biochemical findings of the patient and control groups

Control group (n = 30) Patient group (n = 30) p

Age (year ± SD) 28.6 ± 1.1 30.9 ± 11.8 0.83

Gender (male/female) 16/14 16/14 1

TSH (mIU/L) ± SD 1.67 ± 0.54 (0.57-5.60) 1.84 ± 1.34 (0.57-5.60) 0.53

Free T4 (ng/dL) ± SD 1.12 ± 0.21 (0.80-2.30) 1.14 ± 0.14 (0.80-2.30) 0.61

Free T3 (pg/mL) ± SD 3.23 ± 0.39 (2.60-4.80) 3.23 ± 0.47 (2.60-4.80) 0.95

Anti-TPO (IU/mL) (min-max) 0-15 (0-35) 0-34 (0-35) 0.22

SD: standard deviation; TSH: thyroid-stimulating hormone; anti-TPO: anti-thyroid peroxidase.

Statistical analysis

After all data were recorded, calculations were made using 
the SPSS 21 Statistics Program. Descriptive statistics 
were calculated as mean, standard error, number, and 
frequency. The comparisons of demographic data 
between groups were analyzed by the Chi-square test. 
The Kolmogorov-Smirnov and Shapiro-Wilk tests were 
used to assess the normal distribution of numeric data. 
Correlations between numeric values were analyzed 
using Spearman or Pearson correlation analyses. 
T-test and Mann-Whitney tests were used as multiple 
comparison methods. A p-value lower than 0.05 was 
accepted as statistically significant. 
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kPa in the left lobe, which were also significantly higher 
than those of the patient group (p = 0.005 and 0.02, 
respectively) (Table 2). 

AntiTPO antibody levels were inversely correlated 
with the volume of the right thyroid lobe (p = 0.007, 
r = -0.48). There was no correlation between SWE 
findings and the duration of the disease, TSH, fT4, 
fT3, and AntiTPO. Significant correlations were found 
between age and left thyroid velocity and stiffness (p = 
0.003, r = 0.57 and p = 0.004, r = 0.56, respectively).

DISCUSSION

FMF is an inherited multi-system disease with recurrent 
painful attacks that affect the chest, the abdomen, and 
the joints, and is often accompanied by fever (11). It is 
inherited in an autosomal recessive mode. The disorder 
is mostly seen in Sephardic Jewish, Armenian, Levantine 
Arabic, and Turkish people (12). The FMF gene, which 
is designated as MEFV (Mediterranean fever), has been 
mapped to the short arm of chromosome 16, where a 
protein called pyrin (which is involved in inflammation) 
is also coded. Mutations in the pyrin gene form the 
genetic basis of FMF pathogenesis. MEFV mutations 
cause increased interleukin (IL)-1 secretion, which 
maintains the inflammatory processes in FMF (4,12). 

FMF has been reported to coexist with 
autoimmune disorders, such as polyarteritis nodosa, 
overlap syndrome, and multiple sclerosis (13-16). 
Autoinflammatory disorders share many features with 
autoimmune diseases. For example, FMF and HT have 
common inflammatory markers, such as interleukins 
(ILs) and tumor necrosis factor (TNF)-α (17). From this 
point of view, Dikbas and cols. studied the prevalence 
of thyroid autoimmunity in FMF patients and reported 
that thyroid autoimmunity was more frequent in their 
study group (18). However, in our study, we found 

similar antiTPO levels when comparing the patient and 
control groups. Nevertheless, the higher incidence of 
parenchymal heterogeneity (41.4%) as estimated using 
grayscale US detected in the patient group might be a 
reflection of autoimmune thyroiditis. 

In other respects, thyroid heterogeneity on 
echotexture might be an early indicator of amyloidosis. 
Amyloidosis, in which there is a deposition of insoluble 
material in various organs, is a complication of FMF. 
The thyroid gland might be asymptomatically involved 
by the amyloid substance in nearly 30%-80% of the 
patients with primary or secondary amyloidosis (19). 
Thyroid enlargement with diffuse amyloid deposits is a 
rare manifestation of primary or secondary amyloidosis 
(20). Although amyloid goiter is rare, the frequency of 
focal amyloid deposits ranges between 30% and 80% 
(21). In our patients, increased heterogeneity rates were 
associated with amyloidosis; however, we do not have 
data for thyroid biopsies. This was the limitation of our 
study.

In recent years, a new elastography technique, 
which is called SWE and provides an estimation of 
tissue stiffness, has been introduced into clinical 
practice for thyroid diseases (22). SWE has been 
frequently used in nodular thyroid disease; however, 
its use in diffuse thyroid diseases has been reported in 
a small number of studies (22,23). Our study, to the 
best of our knowledge, is the first in which SWE has 
been used for thyroid evaluation in FMF patients. We 
obtained significant results, such as mean velocity and 
stiffness values, that were both higher in the patient 
group compared to the control group. SWE changes 
might be associated with amyloidosis; nevertheless, the 
presence of amyloidosis has to be confirmed by thyroid 
aspiration biopsy (19).

In FMF, the thyroid can be affected by two distinct 
processes. First, the thyroid might be affected by 

Table 2. Thyroid US and SWE findings of patient and control group 

Thyroid US (Gray scale) Control group (n = 30) Patient group (n = 30) p

Parenchymal heterogeneity 0/30 12/30 (41.4%) < 0.01

Micronodulation 0/30 9/30 (33.3%) 0.001

Increased vascularity 0/30 3/30 (10.3%) 0.07

Elastosonography (Shear-wave) Right Left Right Left p*

Volume (mL) 5,27 ± 1.92 4.37 ± 1.57 6.37 ± 4.72 5.32 ± 3.02 0.35/0.27

Velocity (m/s) 1.43 ± 0.27 1.65 ± 0.29 1.77 ± 0.45 1.95 ± 0.510 0.004/0.016

Stiffness (kPa) 6.53 ± 2.50 8.67 ± 2.83 10.13 ± 5.65 12.24 ± 6.17 0.005/0.021

US: Ultrasonography; SWE: Shear-wave elastosonography; p* between control and patient groups’ left and right lobes.
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amyloid in diffuse or focal patterns, as discussed in 
the previous paragraph (20,21). The second process 
affecting the thyroid is autoinflammation. However, we 
did not observe any signs and symptoms of amyloidosis 
in our patients; additionally, markers of thyroid 
autoinflammation were not significantly elevated in 
the patient group. There was no correlation between 
the duration of the disease and the SWE findings. A 
single positive relationship was found between the 
age and the left thyroid velocity and stiffness. Macro 
and micronodulation, fibrotic changes, increased 
lymphocyte quantity, and decreased colloid amount can 
be relevant to thyroid aging (24). These changes might 
be reflected on SWE as increased velocity and stiffness. 

Conclusively, FMF is a common disorder in 
Turkey and is seen in high frequencies, especially in 
the Mediterranean region. Early recognition of FMF 
complications is as important as the early diagnosis of 
the disease. In these circumstances, structural changes 
and functions of the thyroid should be evaluated 
carefully in FMF patients. Thyroid SWE is a novel 
noninvasive technique for the evaluation of thyroid. 
Thyroid biopsy can be performed in patients who have 
predictive values on SWE. We propose that amyloidosis 
might be diagnosed earlier by using this approach. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT 
Objective: Provide a comprehensive view of the events surrounding the sugar consumption, under 
conditions of energy equivalence; through the analysis of behavioral aspects of intake, and of 
biochemical, metabolic and physiological parameters, as well as the effect of this nutrient on the 
plasticity of adipose tissue. Materials and methods: Newly weaned male Wistar rats were classified 
in two groups and subjected to the following normocaloric diets: standard chow diet or to high-sugar 
diet (HSD) ad libitum for 18 weeks. Results: The animals submitted to the HSD were associated 
with a lower caloric intake during the 18 weeks of experimentation. However, the HSD induced a 
significant increase in body weight, white adipose tissue weight, adiposity index, Lee index, and the 
levels of triglycerides and very low-density lipoprotein in the serum. In addition, it induced glucose 
intolerance, insulin resistance and compensatory increase of insulin secretion by pancreatic β-cells. 
Also increased heart rate and induced hyperplasia, and hypertrophy of retroperitoneal visceral adipose 
tissue. In the liver, the HSD was associated with increased hepatic lipid content (i.e., triglycerides 
and cholesterol) and hepatomegaly. Conclusion: The post-weaning consumption of HSD induces an 
adaptive response in metabolism; however, such an event is not enough to reverse the homeostatic 
imbalance triggered by the chronic consumption of this macronutrient, leading to the development 
of metabolic syndrome, irrespective of caloric intake. These findings corroborate recent evidence 
indicating that sugar is a direct contributor to metabolic diseases independent of a positive energy 
balance. Arch Endocrinol Metab. 2020;64(1):71-81

Keywords
High-sugar diet; energy consumption; Wistar rats; obesity; metabolic diseases

INTRODUCTION

Compelling evidence supports that the increase 
in the prevalence of obesity observed during 

the previous decades is temporally related to the 
increase in the dietary intake of sugar (1,2). In the 
previous two centuries, the consumption of sugar 
increased by approximately 25-fold (3). Although 
studies have reported metabolic alterations induced 

by the consumption of sugar (4-6), the role of this 
nutrient in the development of obesity and associated 
diseases is extremely controversial (7,8). The currently 
available scientific evidence – as observed in review 
studies and meta-analyses – remains inconclusive. A 
number of studies have concluded that consumption 
of sugar is positively associated with components of the 
metabolic syndrome (9,10). In contrast, other studies 
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have concluded that there is no sufficient evidence to 
indicate that dietary sugar is harmful to health versus 
any other source of calories (7,11,12).

Previous data from our research group have 
demonstrated that the intake (4,8 and 12-week feeding 
period) of a HSD, with adequate energy content, 
by post-weaning rats induced discrete biochemical 
changes without necessarily leading to gain of body 
mass. However, these results were associated with 
increased adipocyte number and with up-regulation 
of expression of genes of the pro-adipogenic pathways 
(Pparg) and down-regulation of anti-adipogenic 
signals (Wnt signaling components) in retroperitoneal 
adipose tissue (4). These findings motivated us 
to investigate whether this adaptive metabolic 
reprogramming observed in adipose tissue, during 
the critical development windows, would be able to 
preserve metabolic homeostasis (attenuate/inhibit the 
development of a more pathological phenotype) even 
during a long period of consumption of HSD. Thus, 
in the present study, we analyzed the impact of early 
and sustained exposure to a normocaloric diet with 
high sugar levels on health. More specifically, we seek 
to present a broader view of the pathophysiology of 
metabolic diseases induced by sugar intake as well as 
elucidate the impact of chronic consumption of this 
macronutrient on an adaptive response in metabolism.

MATERIALS AND METHODS

Animals

Twenty newly weaned (within 21 days) male Wistar 
rats (weight: 45 ± 5 g) were obtained from the Center 
for Animal Science of the Federal University of Ouro 
Preto (UFOP). The animals were housed in cages and 
maintained under controlled light-dark cycles (12:12 
h) and temperature (24±2°C) conditions, with ad 
libitum access to water and food. All the experimental 
procedures presented in this study were conducted 
in accordance with the Brazilian guidelines on animal 
experimentation of the National Council for the 
Control of Animal Experimentation (CONCEA) and 
approved by the Committee on Ethics in the Use of 
Animals of UFOP (protocol number 2014/45).

Experimental design and composition of diets 

The animals were randomly classified into the following 
two groups: control diet group, fed with standard rat 

chow (Nuvilab CR1®, Colombo, Brazil) (STD, n = 
8) which contained 57.16% total carbohydrate (being 
0% added sugar), 14.75% fat, 28.09% protein, totaling 
308.51 kcal/100 g; and experimental diet group fed 
with HSD (n = 12) which contained 66.86% total 
carbohydrate (being 36.32% added sugar), 15.26% 
fat, 17.89% protein, totaling 286.36 kcal/100 g. The 
complete composition of the two diets is shown in 
Table 1. HSD was composed of 40.45% standard rat 
chow compacted to powder, 40.45% Moça® sweetened 
condensed milk (Nestle, Montes Claros, MG, Brazil), 
8.58% crystal sugar, and 10.52% water. Feeding with 
the respective diets was initiated after weaning and 
lasted 18 weeks. After the 18 weeks of experimentation, 
the animals were submitted to fasting for 12:00 hours 
and euthanized through inhalation of carbon dioxide 
(exposure to 100% of carbon dioxide gas at a gradual-
fill rate of 20-30% of the chamber volume per minute) 
followed by laparotomy. Blood samples were collected, 
the serum was separated through centrifugation, and 
maintained at −80°C until the biochemical analysis was 
performed. The adipose tissue deposits (i.e., inguinal, 
retroperitoneal, epididymal, and brown), liver, heart, 
kidneys, lungs, and muscles (i.e., gastrocnemius and 
soleus) were dissected and weighed for morphometric 
assessment. Retroperitoneal adipose tissue fragments 
were collected in histological cassettes for further 
processing and preparation of histological slides.

Dietary intake and body mass

During the period of dietary intervention, the animals 
were weighed on a weekly basis to measure the body 
weight gain. Dietary intake was also determined weekly 
and the calculations of caloric intake were performed 
based on the number of kilocalories provided by each 
diet (Table 1).

Assessment of blood pressure and heart rate

The blood pressure (i.e., systolic, diastolic, and mean) 
and heart rate were assessed by the indirect noninvasive 
method of tail plethysmography (plethysmograph, 
LE5001, Panlab, Barcelona, Spain). The pressure 
was determined in millimeters of mercury (mmHg) 
and the heart rate in beats per minute (bpm). 
Measurements were performed in the last week of the 
experiment (week 18) for 4 consecutive days, with five 
measurements recorded per day. The individual value 
of the blood pressure was determined based on the 
average of the readings obtained each day.
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Table 1. Composition of experimental diets

Nutrient
Diet g/kg

Standard chow High-sugar

Total Carbohydrate1 440.83 478.63

Added Sugars 0 260.01

Ashes1 68.73 36.27

Crude fiber1 114.27 50.77

Fat1 50.57 48.54

Protein1 216.67 128.07

Moisture1 108.93 257.73

Vitamin A 0.0039 0.0019

Vitamin D
3

5×10-5 2×10-5

Vitamin E 0.051 0.0213

Vitamin K
3

0.003 0.0012

Vitamin B
1

0.005 0.0024

Vitamin B
2

0.006 0.0041

Vitamin B
6

0.007 0.0030

Vitamin B
12

2,2×10-5 1×10-5

Niacin 0.06 0.0251

Calcium pantothenate 0.02 0.0081

Phosphorus 8.00 4.25

Calcium 10.00 5.22

Folic acid 0.001 0.0004

Biotin 5×10-5 2×10-5

Choline 1.9 0.7686

Sodium 2.70 1.46

Iron 0.05 0.0210

Manganês 0.06 0.0243

Zinc 0.06 0.0281

Copper 0.01 0.0041

Iodine 0.002 0.0008

Selenium 5×10-5 2×10-5

Cobalt 0.0015 0.0006

Fluorine 0.080 0.0324

Lysine 12.00 4.85

Methionine 4.00 1.62

Total energy (kcal/100 g)1 308.51 286.36

Carbohydrate (% energy)1 57.16 66.86

Fat (% energy)1 14.75 15.26

Protein (% energy)1 28.09 17.89

1The nutritional calculations were performed through bromatological analysis. The other 
nutrients were calculated based on the manufacturer’s information. “Added sugars” refers to 
the sum of all monosaccharides and disaccharides (simple carbohydrates) added during the 
production of the diet, that are not naturally found in the foods.

of glucose solution (1 g glucose/kg rat body weight). 
Glucose levels were measured using the digital glycemic 
meter Accu-Chek Active® (Roche Diagnostics GmbH, 
Mannheim, Germany). The data are presented as the 
area under the curve. 

Biochemical analyses

The serum concentrations of glucose, total cholesterol, 
triglycerides, very low-density lipoprotein (VLDL), low-
density lipoprotein (LDL), high-density lipoprotein 
(HDL), creatinine, urea, alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST) were 
measured using commercial kits purchased from the 
Bioclin/Quiabasa laboratory (Belo Horizonte, MG, 
Brazil) according to the manufacturer’s protocol. 
The measurements were performed in triplicates 
using an automated biochemical analyzer Random 
Access Clinical Analyzer (Wiener Lab, CM 200, São 
Paulo, Brazil) at the Pilot Laboratory of Clinical 
Analyses of the School of Pharmacy of the UFOP. The 
concentration of serum insulin was determined using a 
Rat/Mouse Insulin ELISA Kit (Millipore, St. Charles, 
Missouri, USA; Cat.# EZRMI-13K), as recommended 
by the manufacturer. Homeostatic model assessment 
for insulin resistance (HOMA-IR) and β-cell function 
(HOMA-β) were calculated as follows: HOMA-IR = 
(fasting insulin mU/L × fasting glucose mmol/L)/22.5 
and HOMA-β = (20 × fasting insulin mU/L)/(fasting 
glucose mmol/L − 3.5) (13).

Assessment of adiposity

In week 18, the animals were weighed and submitted to 
the naso-anal length measurement for the determination 
of the Lee index: body weight (g) 1/3/naso anal length 
(cm) (14). After euthanasia, the white adipose fat 
pads (i.e., inguinal, retroperitoneal, epididymal) were 
dissected and weighed to calculate the adipocity index: 
(sun of weight white adipose fat pads [g] / body weight 
[g]) × 100 (15).

Extraction and quantification of liver lipids

Hepatic lipids were extracted according to the protocol 
adapted from Folch and cols. (16). The liver (100 
mg) was homogenized using a chloroform/methanol 
solution (2:1). After vigorous stirring, 400 μL of 
methanol were added to each sample and the samples 
were centrifuged for 10 minutes at 3,000 rpm. The 
supernatant was transferred and homogenized with 

Oral glucose tolerance test (OGTT) 

After 18 weeks, the rats were fasted overnight and 
subjected to an OGTT. Blood samples were collected 
from the caudal vein at the following time points: 0, 30, 
60, 90, and 120 minutes after gavage administration 
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800 μL of chloroform and 640 μL of sodium chloride 
solution (0.73%), followed by centrifugation. The 
upper phase was gently discarded and the tubes were 
washed with 600 μL of Folch’s solution (i.e., 3% 
chloroform solution, 48% methanol, 47% distilled 
water, and 2% NaCl [0.29%]). This procedure was 
repeated thrice. The tubes with the extracted lipids 
were maintained at 40°C until complete evaporation 
of the solvent. The tubes containing the completely 
dried lipids were weighed and the extracted hepatic 
lipid content (%) was calculated as follows: (final tube 
weight [g] – initial tube weight [g]) / tissue weight [g] 
× 100. The lipids present in the tubes were resuspended 
in 500 μL of isopropanol and the extract was used for 
the biochemical analyses. The measurements of total 
cholesterol and triglycerides were performed manually 
using commercial kits purchased from the Bioclin/
Quiabasa laboratory (Belo Horizonte, MG, Brazil) 
according to the manufacturer’s protocol.

Measurement of adipocyte size and estimation of 
cell numbers 

Retroperitoneal fat pad sections were fixed in 
methanol-dimethyl sulfoxide solution (8:2), routinely 
processed, and embedded in paraffin. Histological 
sections (thickness: 4 mm) obtained using a microtome 
were stained with hematoxylin & eosin. Sections were 
microscopically visualized through 40 × objective 
and 20 randomly selected fields (area of each field = 
75.183,8 µm2) per slide were digitized using a Leica 
DFC340 FX microchamber (Leica Microsystems 
GmbH, Wetzlar, Germany) connected to a Leica 
DM5000 B microscope (Leica Microsystems GmbH, 
Wetzlar, Germany). These procedures were performed 
in the Multiuser Laboratory of Center for Research 
in Biological Sciences of UFOP. The area of each 
adipocyte was measured using the ImageJ software 

(National Institutes of Health, Bethesda, Maryland, 
USA). The average adipocyte area for each group was 
obtained from measurements of 40 adipocytes per 
animal. The number of adipocytes was estimated from 
the following ratio: retroperitoneal adipose pad [g]/
adipose cell volume [cm3] × 0.92 (17).

Statistical analysis

Statistical analyses were performed using GraphPad 
Prism, version 6.01 (GraphPad Software, San Diego, 
CA, USA). The distribution of the data was verified 
using the Shapiro-Wilk test. Data with normal 
distribution were analyzed using Student’s t-test and 

expressed as the mean ± standard deviation of each 
group. Non-parametric data were analyzed using the 
Wilcoxon–Mann–Whitney test and expressed as the 
median (minimum and maximum values) of each 
group. Differences with p < 0.05 were considered 
statistically significant.

RESULTS

HSD induced changes in food consumption and body 
composition

According to our results, the food intake in terms  
of g (Figure 1A) during the 18 weeks of the 
experiment did not differ between the two groups (p 
= 0.0785). However, in relation to the total calories 
ingested (Figure 1B), our data reveal a lower caloric 
intake in the group fed with the HSD (p = 0.0040). 
Despite the difference in energy intake, the animals 
exhibited normal development. In addition, the 
naso-anal length assessment did not demonstrate 
changes in growth (Figure 1C) or the weight of 
organs (Figure 1D, 1E).

As shown in Figure 2A, the HSD induced a greater 
gain in body mass compared with the STD from week 
13 (416.5 ± 41.91 g vs. 373.5 ± 45.49 g, respectively, 
p = 0.0433). The highest body weight was reached 
at week 18 (455.2 ± 41.66 g vs. 390.5 ± 51.89 g, 
respectively, p = 0.0064). Moreover, compared with the 
STD, consumption of the HSD for 18 weeks induced 
an increase in body mass (p = 0.0045) (Figure 2B) and 
increased the mass of white adipose tissue deposits (p = 
0.0004) (Figure 2C). Regarding fat mass, the HSD led 
to an increase in the epididymal (p = 0.0064), inguinal 
(p = 0.0094), and retroperitoneal (p = 0.0004) adipose 
tissues (Figure 2D). Furthermore, it increased the Lee 
index (p = 0.0104) (Figure 2E) and adiposity index  
(p = 0.0006) (Figure 2F).

HSD increased hypertrophy and hyperplasia of 
retroperitoneal adipose tissue

Images A and B of Figure 3 represent the histology 
of retroperitoneal adipose tissue obtained from 
animals subjected to the STD and HSD, respectively, 
for 18 weeks. As shown in Figure 3A, the qualitative 
analyses revealed that the animals subjected to the 
STD presented normal histology of the retroperitoneal 
adipose tissue, with the parenchyma predominantly 
filled by adipose unilocular cells and permeated by the 
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Figure 1. Food consumption and organ mass of rats fed with a standard chow diet (STD) or a high-sugar diet (HSD) for 18 weeks. (A) Total food 
consumption (g). (B) Total caloric intake (kcal). (C) Naso-anal length (cm). (D) Absolute mass (g) of lung, heart, and kidney. (E) Absolute mass (g) of the 
gastrocnemius and soleus muscles (Ms.). Data are expressed as the mean ± standard deviation of each group: STD (n = 8) and HSD (n = 12). Data tested 
using Student’s t-test. * p < 0.05 compared with the STD group. The caloric intake calculations were performed based on the amount of kcal provided 
by each diet (308.51 kcal/100 g of the STD and 286.36 kcal/100 g of the HSD). 

Figure 2. Changes in body composition of rats fed with a high-sugar diet (HSD). (A) Weekly body mass gain (g). (B) Total body mass gain. (C) Absolute total 
fat mass (g) of white adipose tissue deposits (i.e., the sum of the mass of adipose tissues: epididymal, inguinal, and retroperitoneal). (D) Absolute mass (g) 
of the epididymal, inguinal, retroperitoneal and brown adipose tissue (BAT). (E) Lee index. (F) Adiposity index. Data are expressed as the mean ± standard 
deviation of each group: standard chow diet (STD) (n = 8) and HSD (n = 12). Data tested using Student’s t-test. * p < 0.05 compared with the STD group.
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Figure 3. Effect of high-sugar diet (HSD) on the number and area of adipocytes on the retroperitoneal adipose tissue. (A and B) Representative 
photomicrographs of retroperitoneal adipose tissue – histological sections stained with hematoxylin & eosin under × 400 magnification. (C) Relative 
number of adipocytes on retroperitoneal adipose tissue, histogram scale bars: 75000.0. (D) Adipocyte area on the retroperitoneal adipose tissue, 
histogram scale bars: 100000.0. Data are expressed as the mean ± standard deviation of each group: standard chow diet (STD) (n = 8) and HSD  
(n = 12). Data tested using Student’s t-test. * p < 0.05 compared with the STD group.

conjunctival stroma. However, consumption of the 
HSD induced hypertrophy of adipocytes (Figure 3B). In 
addition, the quantitative analyses of photomicrographs 
of the retroperitoneal adipose tissue revealed that the 
relative adipocyte number (p = 0.0799) (Figure 3C) 
and adipocyte area (p < 0.0001) (Figure 3D) were 
increased by the HSD. More specifically, the frequency 
analysis of these data, represented by the histogram, 
reveals a profile that tends to asymmetry with a skewed 
left distribution, in comparison to the STD group.

Metabolic and physiological alterations induced by 
the HSD

Data related to the metabolic and vascular profile of the 
two groups are presented in Table 2. The results showed 
that, compared with the STD, the HSD significantly 
increased the serum levels of triglycerides (p = 0.0007) 
and VLDL (p = 0.0083). However, it decreased the 
levels of urea (p = 0.0092). The consumption of the 
HSD for 18 weeks increased the heart rate compared 
with the STD. However, the systolic blood pressure, 
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Table 2. Metabolic and vascular profile of rats fed with a standard chow diet or a high-sugar diet during the 18-week experiment

Parameters
Standard chow diet (n = 8) High-sugar diet (n = 12)

p value
M ± SD / MED M ± SD / MED

Cholesterol (mg/dL) 132.62 ± 30.42 136.11 ± 31.21 0.8071

LDL (mg/dL) 67.43 ± 24.31 61.24 ± 30.79 0.6390

VLDL (mg/dL) 16.10 ± 7.81 27.34 ± 8.60* 0.0083

HDL (mg/dL) 47.16 ± 7.35 48.23 ± 5.41 0.7028

Triglycerides (mg/dL) 67.32 ± 18.22 137.55 ± 42.04* 0.0007

AST (U/L) 290.9 (219–336.4) 246.1 (200–630.6) 0.3813

ALT (U/L) 103.23 (77.77–121.1) 105.23 (70.53–525.1) 0.8230

Creatinine (mg/dL) 0.84 ± 0.06 0.89 ± 0.04 0.0557

Urea (mg/dL) 56.96 ± 11.97 44.63 ± 6.19* 0.0092

Heart rate (bpm) 425.80 ± 27.32 384.83 ± 15.96* 0.0013

Systolic pressure (mmHg) 147.78 ± 11.93 140.21 ± 11.20 0.1717

Diastolic pressure (mmHg) 114.87 ± 11. 87 110.14 ± 8.40 0.3440

Mean pressure (mmHg) 126.49 ± 10.14 117.83 ± 8.80 0.0647

Data tested using Student’s t-test or the Wilcoxon–Mann–Whitney test are expressed as the mean ± standard deviation (M ± SD) or median (MED) (minimum and maximum values), respectively.  
* p < 0.05 compared with the standard chow diet group.

Figure 4. Effects of high-sugar diet (HSD) on insulin sensitivity/resistance. (A) Fasting blood glucose (mg/dL). (B) Oral glucose tolerance test (OGTT)/area 
under the curve (AUC) in mg/dL. (C) Fasting serum insulin (µIU/mL). (D) Homeostatic model assessment for insulin resistance (HOMA-IR). (E) Homeostatic 
model assessment for β-cell function (HOMA-β). Data tested using Student’s t-test or the Wilcoxon-Mann-Whitney test are expressed as the mean ± 
standard deviation or as the median (minimum and maximum values) of each group: standard chow diet (STD) (n = 8) and HSD (n = 12). * p < 0.05 
compared with the STD group.

diastolic blood pressure and mean blood pressure were 
similar in both groups. Furthermore, prolonged intake 
of the HSD increased the area under the curve in the 

OGTT (p = 0.0022), serum insulin (p = 0.0077), 
HOMA-IR |(p = 0.0080), and HOMA-β (p = 0.020) 
index (Figure 4).
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Effects of the HSD on the accumulation of lipids in 
the liver 

As shown in Figures 5A and 5B, the results obtained 
demonstrate that the prolonged consumption of the 
HSD led to an increase in the organ mass (p = 0.0123) 
and lipid content in the liver (p = 0.0002). In relation 
to lipids extracted from the liver (Figure 5C), our 
results showed increased levels in the livers of rats fed 
with the HSD versus the STD: triglycerides (258.6 
mg/dL vs. 63.02 mg/dL, respectively, p < 0.0001) 
and cholesterol (49.62 mg/dL vs. 36.75 mg/dL, 
respectively, p = 0.0298). 

DISCUSSION

The present study provides several levels of evidence 
that early and prolonged exposure to a HSD leads to 
obesity and the metabolic syndrome phenotype even in 
the absence of an increased caloric intake. Firstly, newly 
weaned rats fed with the HSD exhibited increased body 
weights and fat deposits of white adipose tissue with 
hypertrophy and hyperplasia of retroperitoneal visceral 
fat. Secondly, HSD-fed animals showed increased levels 
of serum triglyceride and VLDL, glucose intolerance, 
insulin resistance, increase of the secretory function 
of the β cells, development of hepatomegaly, and 
accumulation of hepatic lipids.

Appetite control is not exclusively regulated by 
the energy balance. Food intake is modulated by 
several factors, including hormones and metabolites 
of the biochemical pathways (18,19). Moreover, the 
composition of the macronutrients included in diets is 
an important modulator of appetite (19). According to 

our data, the animals subjected to the HSD consumed 
fewer calories compared with those subjected to the 
STD. This finding corroborates previous data published 
by our research group showing that the HSD induces an 
increase in the concentration of leptin – a hormone that 
acts in the hypothalamus to reduce food intake (20). In 
fact, the consumption of sugar modulates the control 
of appetite through different mechanisms. For example, 
glucose is the main indicator of the global energy status. 
Changes in the levels of glucose reflect the energetic 
state of the cells and modulate key intermediates 
in the hypothalamic signaling cascade (i.e., AMP-
activated protein kinase and malonyl-CoA), which 
regulate hunger and energy expenditure. In this case, 
the consumption of a HSD leads to increased levels of 
glucose and consequently, the production of malonyl-
CoA. In turn, hypothalamic malonyl-CoA acts on the 
signaling of the anorectic-orexigenic neuropeptide 
system, suppressing the energy intake (18). Sánchez and 
cols. also observed that expression of ghrelin (a peptide 
increasing food intake and body weight) in the stomach 
was recovered after the administration of a high-fat diet. 
However, in rats fed with a carbohydrate diet, the levels 
of ghrelin remained low (21). 

Body weight, fat deposits weight, Lee index, and 
adiposity index are the biometric parameters used in 
several studies for the evaluation of obesity in animal 
models (14,15). Prior to the present research, members 
of this research group demonstrated that the post-
weaning consumption of the HSD for 12 weeks led 
to increased adiposity without altering body weight 
and the Lee index (4). However, in the present study, 
the HSD induced an increase in body weight (from 

Figure 5. Effects of high-sugar diet (HSD) on the liver. (A) Absolute liver mass (g). (B) Percentage of hepatic lipid content. (C) Biochemical analysis of lipids 
extracted from the liver (mg/dL). Data tested using Student’s t-test or the Wilcoxon–Mann–Whitney test are expressed as the mean ± standard deviation or 
as the median (minimum and maximum values) of each group: standard chow diet (STD) (n = 8) and HSD (n = 12). * p < 0.05 compared with the STD group.
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week 13), white adipose tissue weight, Lee index, and 
adiposity index. Collectively, these results allow us to 
infer that time is important in the induction of obesity in 
the present model of high-sugar dietary manipulation. 
We emphasize, that the relative total caloric intake 
and relative mass of adipose tissues maintained the 
same profile observed in the absolute mass analysis 
(data not shown). Our results are in agreement with 
those of other studies showing that the post-weaning 
exposure of Wistar rats to diets containing excess sugar 
led to a progressive increase in body weight and/or fat 
mass, independent of the total energy intake (6,20). As 
reviewed by Olsen and Heitmann, it appears that sugar 
intake and the consequent development of obesity is 
not associated with an increased energy consumption 
(22). These findings may be associated with the effects 
of sugar on insulin signaling and consequent resistance 
to this hormone and hyperinsulinemia. Since insulin as a 
lipogenic and anabolic hormone is a direct contributor 
to increasing body mass (23). 

Increased body fat deposition in obesity may be 
the result of an increased number of adipocytes (i.e., 
hyperplasia), increased size of pre-existing adipocytes 
(i.e., hypertrophy), or both (24). In childhood obesity, 
the expansion of white adipose tissue is the result of 
both hypertrophy and hyperplasia. However, in adults, 
the number of adipocytes remains fixed and changes 
in the percentage of fat mass are mainly attributed 
to the altered adipocyte volume. Thus, the number 
of adipocytes induced in infancy is a key factor in 
the accumulation of fat mass in adults (25,26). We 
previously reported that the use of the HSD and STD 
induced time-dependent (i.e., at 4, 8, and 12 weeks) 
hypertrophy in the retroperitoneal adipose tissue. 
However, in relation to the number of adipocytes, 
this profile was observed only in animals subjected to 
the HSD. In addition, these results were associated 
with the downregulation of adipogenic genes initially 
observed at the 8-week period in the STD group. 
However, this observation was not reported in the 
HSD group, suggesting that this diet modulates at the 
transcriptional level the anti-adipogenic signals naturally 
induced by aging (4). In the present study, we found 
that post-weaning consumption of an HSD by rats until 
adulthood also led to hyperplasia and hypertrophy in 
adipose tissue. Collectively, these results propose that 
the early and chronic exposure to the HSD is extremely 
detrimental to health, promoting and sustaining 
hyperplasia of adipose tissue from the early years of life 

to adulthood. In addition, it leads to hypertrophy of 
adipose tissue, irrespective of caloric consumption.

By focusing exclusively on the calories, we may 
overlook the metabolic effects of each macronutrient. 
Therefore, it should be noted that the metabolization 
of macronutrients follows distinct biochemical 
pathways which may not be equal in energy (27,28). 
For example, consumption of a high-carbohydrate diet 
drastically decreases gluconeogenesis (i.e., pathway 
that consumes four adenosine triphosphates and two 
guanosine triphosphates). However, it also leads to an 
increase in glycolysis (i.e., pathway with energy balance 
of two adenosine triphosphates) (29). Macronutrients 
may also produce differences in energy balance through 
thermogenesis (i.e., thermal effect of feeding). The 
metabolization of proteins consumes approximately 
25%-30% of their energy value, whereas the 
metabolization of carbohydrates and lipids consumes 
6%-8% and 2%-3%, respectively (30). Considering 
this, studies have shown that there is a “metabolic 
advantage” in diets with low carbohydrate content. 
This type of diet leads to greater weight loss compared 
with other isocaloric diets of different macronutrient 
composition (28,31). Consistent with these findings, 
in the present study, we showed that nutritional quality 
is more important than the caloric amount and that 
diet composition exerts an important effect on the 
development of obesity.

Regarding glycemic control, our results revealed 
that HSD-fed animals exhibited glucose intolerance, 
hyperinsulinemia, insulin resistance and increased 
secretory function of pancreatic β-cells, although 
fasting glycemia levels were comparable in both groups. 
Thus, glucose homeostasis observed in this model is 
marked by the robust plasticity of β-cells (compensatory 
increase of insulin secretion) in the face of progressive 
insulin resistance occurring during 18 weeks of HSD 
consumption. However, this dysfunction is of concern, 
since the high demand for insulin secretion in response 
to chronic resistance to this hormone results in the 
progressive impairment of pancreatic β-cells and 
consequently the development of type 2 diabetes (32). 
Our results indicate that the HSD significantly increases 
the levels of triglycerides and VLDL in the serum. The 
relevant literature describes that excess dietary sugar 
induces the endogenous synthesis of triglycerides 
through the de novo lipogenesis (DNL) pathway, which 
may lead to increased synthesis and secretion of VLDL 
lipoprotein into the bloodstream (33). Relevant for this 
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discussion, insulin resistance is linked with increased 
secretion of VLDL and increased plasma triglycerides, 
as well as the development of hepatic steatosis. In 
states of chronic systemic hyperinsulinemia, the loss 
of responsiveness to insulin-targeting of apoB for 
degradation together with increased fatty acid flux 
to the liver, and increased DNL, results in increased 
VLDL secretion (34). In addition, our results showed 
that the HSD decreased the concentration of urea in 
the serum compared with the STD. Urea is a metabolite 
produced by the liver as a result of the metabolization 
of feed proteins (29). Therefore, this difference may be 
attributed to a higher amount of protein present in the 
STD versus the HSD (28.09% vs. 17.89%, respectively). 

As stated by Rippe and Angelopoulos, the effect 
of sugar consumption on blood pressure remains 
controversial, with the majority of studies observing 
this type of interaction in diets with extremely high 
concentrations of sugars (7). In our study, there was 
no statistically significant difference in blood pressure 
between the groups. However, the HSD induced 
an increase in heart rate. Lima described that the 
consumption of a HSD by Wistar rats did not induce 
changes in blood pressure; however, it induced a 
reduction in baroreflex sensitivity (35). In the present 
study, the HSD led to a 47.61% increase in lipid content 
in the liver compared with the STD. Ectopic lipid 
deposition in the liver is strongly characterized as the 
result of an imbalance between lipid acquisition and 
elimination of these lipids in the liver. More specifically, 
such an event can be caused when the uptake of 
circulating lipids and the de novo synthesis of fatty acids 
exceed the compensatory capacity of fatty acid oxidation 
(β-oxidation) and the synthesis and secretion of lipids 
in VLD in the liver (34). This type of dysfunction is 
mainly triggered by insulin resistance (34). 

In conclusion, the present study demonstrated that 
the early and prolonged consumption of HSD leads to 
metabolic syndrome phenotype, irrespective of energy 
intake. This phenotype was triggered even in the face 
of adaptive responses (hyperplasia and hypertrophy of 
adipose tissue) to preserve metabolic homeostasis in 
obesity induced by this diet. These findings contribute 
to the consolidation of a direct pathway (independent 
of the positive energy balance) of induction of obesity 
and metabolic alterations by sugar intake.
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ABSTRACT
Objective: The insulin tolerance test (ITT) has been accepted as the gold standard test for assessing 
the integrity of the growth hormone (GH) – insulin-like growth factor (IGF-1) axis and the hypothalamic-
pituitary-adrenal (HPA) axis. The goal of the test is to achieve clinical and biochemical hypoglycemia 
at a blood glucose level ≤ 40 mg/dL to effectively and correctly assess the HPA and GH-IGF-1 axes. In 
this study, the GH and cortisol responses of patients who achieved and failed to achieve biochemical 
hypoglycemia during an ITT were compared. Subjects and methods: One hundred thirty-five 
patients with pituitary disorders were included in the study. Samples for blood glucose levels were 
obtained after clear symptoms of clinical hypoglycemia developed. The patients were enrolled in the 
hypoglycemic and nonhypoglycemic groups according to whether their plasma glucose level ≤ 40 
mg/dL or > 40 mg/dL during an ITT, and the groups were compared in terms of their GH and cortisol 
responses. Results: The mean age, body mass index and waist circumference of the two patient groups 
were found to be similar. The mean blood glucose level was significantly lower in the hypoglycemic 
group than in the nonhypoglycemic group (19.3 and 52.0 mg/dL, respectively). When the two groups 
were compared in terms of peak cortisol and GH responses, no statistically significant differences 
were found. Conclusion: The data presented suggest that clinically symptomatic hypoglycemia is as 
effective as biochemically confirmed hypoglycemia during an ITT. Arch Endocrinol Metab. 2020;64(1):82-8 
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INTRODUCTION

T he insulin tolerance test (ITT), glucagon 
stimulation test (GST), adrenocorticotropic 

hormone (ACTH) stimulation test, and metyrapone 
test are used primarily to assess the functional integrity 
of the HPA axis (1,2). The ITT, which was developed 
in 1960 (3), is performed by intravenous insulin 
administration leading to a decline in blood glucose 
levels. Approximately 20 to 60 minutes after insulin 
administration, low blood glucose triggers the secretion 
of glucagon, epinephrine, norepinephrine, cortisol, 
GH, and ACTH in normal subjects (4). As hormonal 
responses to hypoglycemia, GH and cortisol levels can 
be measured by an ITT.

According to recent guidelines, severe GH deficiency 
in adults is defined as a peak GH response less than 
3 µg/L on an ITT, while healthy subjects have been 
shown to respond with a peak GH exceeding 5 µg/L 
(5-7). Various cut-off values for the peak cortisol levels 
have been suggested for ITTs, and they range between 
15 and 23 µg/dL for a normal response to an ITT in 
healthy subjects (8). Currently, the ITT is considered 
the gold standard test for diagnosing GH and cortisol 
deficiencies (3,8-10).

An ITT is unpleasant for patients and is not free 
from side effects; therefore, close medical supervision 
by experienced medical staff is required, and the test is 
contraindicated in elderly patients and in patients with 
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cerebrovascular disease, epilepsy or ischemic heart disease 
(11). In general, the goal is to achieve a blood glucose level 
≤ 2.2 mmol/l (40 mg/dL) during an ITT for an effective 
assessment of the HPA and GH-IGF-1 axes (12,13). 
Although glucose levels of 2.2 mmol/l (40 mg/dL), 2.5 
mmol/l (45 mg/dL), and 2.8 mmol/l (50.4 mg/dL) 
were suggested for effective hypoglycemia during an ITT, 
a 2.2 mmol/l level has been widely used as the threshold 
level for the biochemical criterion worldwide (1,14). If 
adequate biochemical hypoglycemia (plasma glucose,  
≤ 2.2 mmol/l) is not achieved, it would be necessary to 
give a second injection of insulin (15). Further insulin 
administration may cause severe hypoglycemia, and an 
intravenous dextrose infusion may be necessary during 
the test, before finishing. Although dextrose infusion has 
been reported to have no effect on the glucose level, it 
would make the test results more complicated. In this 
study, we aimed to show whether hypoglycemia-related 
manifestations are suitable or biochemical hypoglycemia 
is required to achieve accurate peak cortisol and GH 
responses during an ITT.

SUBJECTS AND METHODS

Retrospective analyses of 135 patients (83 female, 52 
male) in whom an ITT was performed for suspected 
hypopituitarism were included in the study. Approval 
from the local Ethics Committee was obtained before 
conducting the study. All patients developed clear 
symptoms of hypoglycemia, including tachycardia, 
anxiety, sweating, faintness, weakness, dizziness, nausea, 
hunger, drowsiness, confusion, headache, and impaired 
speech and vision during the ITT, and blood glucose 
levels were analyzed during these symptoms. According 
whether plasma glucose levels lower or higher than 
40 mg/dL were achieved during the test, two groups 
were created: the first group had glucose levels lower 
than 40 mg/dL (n: 118), and the second group had 
> 40 mg/dL (n: 17). Group 2 (BG > 40 mg/dL) 
consisted of only 17 patients, compared to 118 in group 
A, making the calculation of the statistical significance 
of the difference in hormone responses questionable.

The ITT was performed after an overnight fast, and 
blood samples for serum cortisol and GH measurements 
were obtained prior to the intravenous administration 
of 0.1 U/kg (0.2 U/kg if BMI > 30 kg/m2) soluble 
regular insulin (minute -15), as well as immediately 
after symptomatic hypoglycemia began (minute 0), 
and after 30, 60, 90 and 120 minutes. An additional 

dose of insulin was given to patients who had neither 
sufficient biochemical hypoglycemia (≤ 40 mg/dL) 
nor hypoglycemia symptoms but not to patients who 
developed hypoglycemia symptoms. Symptomatic 
hypoglycemia was determined by clinical findings 
(especially palpitation, sweating, tachycardia, anxiety), 
whereas biochemical hypoglycemia was determined 
by the plasma glucose measurement. A serum cortisol 
level ≥ 18.0 µg/dL and a serum GH level ≥ 3.0 µg/L 
were accepted as sufficient responses to the ITT (1,13).

The assay method and commercial kit used for the 
serum GH were the immunoradiometric assay (IRMA) 
and Immunotech SAS (Marseille, France), respectively, 
and the values of the intra-assay and interassay coefficients 
of variations were 1.5% and 14%, respectively. The method 
of assay, commercial kit, and intraassay and interassay 
coefficients of variations for IGF-1 were as follows: IRMA, 
Immunotech SAS (Marseille, France), and 6.3% and 6.8%, 
respectively. For the serum cortisol level, the assay method, 
commercial kit, and intraassay and interassay coefficients 
of variations were radioimmunoassay, Immunotech sro 
(Czech Republic), and 5.8% and 9.2%, respectively.

Statistical analysis

Descriptive statistics included the mean, standard 
deviation or error, frequency, and percentage. Mann–
Whitney U tests were used for comparisons between 
the groups for quantitative variables. Chi-squared 
and Fisher’s test were used for the analysis of ratios. 
The area under the curve (AUC) was calculated 
according to the trapezoid formula. All statistical 
analyses were performed with SPSS 20.0 software 
(Chicago, USA). All analyses were performed within 
a 95% confidence interval. A p value of < 0.05 was 
considered statistically significant.

RESULTS

The demographics of the patients were similar when 
the 2 groups were compared (Table 1). Both groups 
also had similar ratios in terms of pituitary disorders, 
including tumoral or nontumoral, and operational 
status. In group 1, 85 of the patients had tumoral 
causes (27 nonfunctioning adenoma, 37 prolactinoma, 
16 acromegaly and 5 Rathke’s cleft cyst), and 33 
of the patients had nontumoral causes (10 empty 
sella, 9 congenital pituitary failure, 6 Sheehan’s 
syndrome, 2 traumatic brain injury, 3 idiopathic 
hypogonadotropic hypogonadism and 3 lymphocytic 
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hypophysitis). In group 2, 12 patients had tumoral 
causes (8 nonfunctioning adenoma, 2 prolactinoma, 1 
acromegaly and 1 Rathke’s cleft cyst), and 5 patients 
had nontumoral causes (1 empty sella, 2 Sheehan’s 
syndrome, 1 traumatic brain injury and 1 idiopathic 
hypogonadotropic hypogonadism). All patients with 
pituitary tumors were in remission due to medical or 
surgical treatment. The two groups were similar in 
terms of the frequencies of hypopituitarism. The mean 

blood glucose level of the hypoglycemic group (19.3 
± 0.9 mg/dl) was significantly lower than that of the 
nonhypoglycemic group (52.0 ± 2.3 mg/dL). The 
basal hormone levels of the patients were similar in both 
groups (Table 2). There was no statistically significant 
difference in terms of peak GH levels during the ITT 
between the 2 groups, even considering acromegaly 
(Tables 3 and 4). In addition, when the two groups 
were compared in terms of peak cortisol, no statistically 
significant differences were found (Table 5).

Table 1. Demographic data of the groups

Group 1 n: 118 Group 2 n: 17 p value

Male 45 (38.1%) 7 (41.2%) 0.81

Female 73 (61.9%) 10 (58.8%) 0.81

Age (years) 42.6 ± 10.8 43.5 ± 12.4 0.73

Height (cm) 162.6 ± 8.8 164.9 ± 9.8 0.36

Weight (kg) 79.5 ± 15.6 78.6 ± 18.9 0.84

BMI (m2/kg) 30.0 ± 6.1 28.7 ± 6.6 0.47

Waist circumference (cm) 95.7 ± 12.7 97.8 ± 13.9 0.55

BMI: body mass index.

Table 2. Mean serum glucose (at hypoglycemia) and basal hormone levels of the patients

Group 1 n: 118 Group 2 n: 17 p value

TSH (0.57–5.6 lU/mL) 1.5 ± 1.1 1.1 ± 1.2 0.22

fT4 (0.88–1.72 ng/dL) 1.1 ± 0.2 1.1 ± 0.1 0.96

IGF-I (64–336 ng/mL) 151.7 ± 105.3 133.3 ± 100.2 0.33

Cortisol (5–25 µg/dL) 10.0 ± 6.1 9.8 ± 5.6 0.59

Blood glucose (mg/dL) 19.3 ± 0.9 52.0 ± 2.3 < 0.001

TSH: thyroid-stimulating hormone; ft4: free thyroxine; IGF-1: insulin-like growth factor-1.

Table 3. GH responses (µg/L) for the patients without acromegaly only

Minutes -15 0 30 60 90 120 Peak GH AUC

Group 1 n: 102 0.2 ± 0.9 0.6 ± 0.3 0.9 ± 0.2 0.7 ± 0.2 0.4 ± 0.2 0.2 ± 0.0 1.3 ± 0.2 96.4 ± 26.0

Group 2 n: 16 0.9 ± 0.5 1.7 ± 0.1 1.4 ± 0.5 0.5 ± 0.2 0.4 ± 0.2 0.1 ± 0.0 1.6 ± 0.5 142.8 ± 60.5

P value 0.12 0.49 0.09 0.33 0.31 0.97 0.56 0.26

Data were expressed as the mean ± SEM; AUC: area under the curve.

Table 4. GH responses (µg/L) of all patients (with or without acromegaly)

Minutes -15 0 30 60 90 120 Peak GH AUC

Group 1 n: 118 0.3 ± 0.0 0.6 ± 0.3 0.9 ± 0.2 0.7 ± 0.2 0.5 ± 0.1 0.3 ± 0.0 1.3 ± 0.2 98.3 ± 23.0

Group 2 n: 17 0.9 ± 0.5 1.6 ± 1.0 1.3 ± 0.4 0.5 ± 0.2 0.4 ± 0.1 0.1 ± 0.0 1.5 ± 0.5 137.1 ± 56.3

P value 0.14 0.50 0.11 0.33 0.43 0.88 0.62 0.32

Data were expressed as the mean ± SEM; AUC: area under the curve.

Table 5. Cortisol responses (µg/dL) of the patients during an ITT

Minutes -15 0 30 60 90 120 Peak F AUC

Group 1 n: 118 10.1 ± 0.5 10.1 ± 0.6 10.7 ± 0.6 8.8 ± 0.6 7.8 ± 0.4 7.0 ± 0.4 12.1 ± 0.7 1394.4 ± 78.5

Group 2 n: 17 10.0 ± 1.5 11.6 ± 2.0 14.7 ± 2.0 14.0 ± 2.0 12.0 ± 1.9 10.1 ± 1.4 16.4 ± 2.2 1897.1 ± 266.8

P value 0.97 0.40 0.46 0.02 0.04 0.04 0.05 0.03 

Data were expressed as the mean ± SEM; F: cortisol; AUC: area under the curve.
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In group 1, peak GH levels were achieved at the 0th 
(basal) minute in 14.7%, at the 30th minute in 45.5%, 
at the 60th minute in 15.6%, at the 90th minute in 
9.5%, and at the 120th minute in 14.7% of the patients, 
and in group 2, peak GH levels were achieved at the 
0th (basal) minute in 11.8%, at the 30th minute in 
41.1%, at the 60th minute in 41.1%, and at the 120th 
minute in 5.9% of the patients. Peak cortisol levels were 
achieved in group 1 at the 0th minute in 42.4%, at the 
30th minute in 35.9%, at the 60th minute in 6.1%, at 
the 90th minute in 7.8%, and at the 120th minute in 
7.8% of the patients, and in group 2, peak cortisol levels 
were achieved at the 0th minute in 11.7%, at the 30th 
minute 41.1%, at the 60th minute 41.1%, and at the 
120th minute 5.8% of the patients. No correlation was 

detected among blood glucose levels after insulin and 
at peak cortisol and GH levels (p > 0.05).

In group 1, peak GH levels were mostly measured 
at the 30th minute, and peak cortisol levels were 
measured at the 0th minute; in group 2, peak GH levels 
were measured at the 30th-60th minute, and cortisol 
levels were measured at the 30th-60th minute of the 
ITT. According to these results, group 1 achieved peak 
GH and cortisol levels earlier than group 2.

The mean cortisol responses of every test minute, peak 
cortisol levels and AUC values were significantly higher in 
group 2 than in group 1 (Figure 3). Peak GH responses 
were similar in both groups regardless of acromegaly; 
however, group 2 had higher AUC levels of GH than 
group 1 (p < 0.05) (Tables 3 and 4) (Figures 1 to 3).

Figure 1. GH responses in patients without acromegaly.

BG: blood glucose; GH: growth hormone.

Figure 2. GH responses in patients with acromegaly.

BG: blood glucose; GH: growth hormone.
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When comparing the patients with inadequate 
responses to GH and cortisol levels (i.e., peak GH 
response less than 3 µg/L and peak cortisol levels 
less than 18.0 µg/dL), after removing patients with 
adequate responses in the tests, there was no statistically 
significant difference between groups in terms of GH 
and cortisol levels (p: 0.56, p: 0.84, respectively).

DISCUSSION

Among various provocative tests of GH and cortisol 
secretions, the ITT is considered the gold standard. 
It can evaluate the whole hypothalamus-pituitary-end 
organ axis (16). Insulin injections are intended to 
induce excessive hypoglycemia, which leads to a major 
stress response of the body, with increases in ACTH, 
cortisol and GH levels, and activation of the sympathetic 
nervous system (17). Most previous studies reported 
that blood glucose should decrease to 2.2 mmol/L  
(40 mg/dL) to activate a stress response, which might 
be essential at the beginning of an ITT (3,7,12,13). In 
our endocrinology department, we also use this cut-off 
value for ITTs, and most of the patients in the present 
study (84.6%) developed blood glucose levels < 2.2 
mmol/L during the ITT.

Under certain conditions, there may be discordance 
between blood glucose levels and hypoglycemia 
symptoms. Hypoglycemia is usually described as a 
plasma glucose level < 70 mg/dL (3.9 mmol/L) 
(18). As blood glucose levels decrease, the activation 

of the autonomic nervous system leads to neurogenic 
symptoms such as palpitations, sweating, hunger, and 
anxiety, which allows the perception of hypoglycemia 
and the reversal of the symptoms after restoration of the 
blood glucose level to normal (19). On the other hand, 
hypoglycemia unawareness is described as the onset of 
neuroglycopenia before the appearance of autonomic 
warning symptoms with a significant decrease in 
blood glucose (20). In patients with diabetes mellitus, 
recurrent hypoglycemia has been shown to reduce the 
glucose level that precipitates the counter regulatory 
response necessary to restore euglycemia during 
subsequent episodes of hypoglycemia (21,22).

Several studies revealed that insulin has direct effects 
on pituitary functions (23,24). Schultes and cols. 
showed that intravenous infusion of high doses of insulin 
to healthy persons, even in the presence of euglycemia, 
increases plasma ACTH and cortisol concentrations. 
Additionally, they demonstrated that differences in 
cortisol levels between the high and the low doses of the 
insulin infusion could not be explained by differences 
in ACTH levels; insulin-induced cortisol release may 
be related to a direct influence on the adrenals (25). 
The strong stimulatory effect of hypoglycemia might 
have covered the moderate stimulatory effect of insulin 
on HPA secretory activity (25). An experimental study 
suggested that insulin also increases the HPA secretory 
response to moderate hypoglycemic stress (26). 
Another study demonstrated the prolonged stimulatory 
effect of insulin on HPA secretory activity, preventing 

Figure 3. Mean cortisol responses in ITT.

BG: blood glucose; F: cortisol.
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the development of hypoglycemia-associated counter 
regulatory failure (27). Insulin crosses the blood-
brain barrier, and its receptors were found in the 
hippocampus, hypothalamus, and pituitary (28,29). 
Therefore, insulin seems to affect pituitary functions 
directly (30). Eventually, the cause of similar cortisol 
responses at different glucose levels may be related 
to individual differences in the distribution of insulin 
receptors in the brain and the direct effect of insulin on 
the adrenal glands.

The counterregulatory response to hypoglycemia 
starts when the serum glucose level falls below 63 mg/dL 
(3.5 mmol/l). Hormonal responses to hypoglycemia 
are given step by step. The first response to falling blood 
glucose levels is decreasing insulin levels. When the 
glucose level continues to fall, glucagon is released, and 
catecholamines increase (31). Despite the rapid effects 
of glucagon and catecholamines on glucose regulation, 
the effects of cortisol and growth hormone during 
hypoglycemia are delayed (30,32). The magnitude of 
this response depends on the depth of hypoglycemia 
achieved (32,33). However, Amiel and cols. revealed 
that the response of cortisol and GH was not dependent 
on the extent of the drop in glucose levels (33). In this 
study, despite having lower glucose levels, the group 1 
patients had lower peak and AUC values for GH and 
cortisol levels than the other groups. According to this 
study, the magnitude of the response of the counter 
regulatory system to hypoglycemia was not dependent 
on the depth of hypoglycemia. In a study by Lee and 
cols., fasting blood glucose was found to be the most 
important determinant of the dose of insulin required 
to achieve adequate biochemical hypoglycemia (blood 
glucose < 2.2 mmol/l) during an ITT (34). The ITT 
inevitably leads to uncontrolled hypoglycemia, which 
is potentially dangerous, and it is an unpleasant test for 
both the patients and medical staff. Ajala and cols. also 
found that the hypoglycemia achieved during an ITT 
was much lower than the target required (2). Borm 
and cols. reported that the low dose infusion of glucose 
did not change peak cortisol and GH responses during 
an ITT; however, their study included only 16 healthy 
subjects, and no patients with hypopituitarism were 
involved (35).

In conclusion, the present data suggest that 
clinically symptomatic hypoglycemia may be used 
in place of biochemically confirmed glycemic levels  
≤ 40 mg/dL during an ITT. Therefore, further insulin 
administration may not be recommended in patients 

who failed to achieve biochemical hypoglycemia but 
developed manifestations due to hypoglycemia from 
the initial insulin administration.
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ABSTRACT
Clinical and subclinical hypothyroidism are the most common hormonal dysfunctions during 
pregnancy. Insufficient maternal thyroid hormones (THs) in the early stages of pregnancy can lead to 
severe impairments in the development of the central nervous system because THs are critical to central 
nervous system development. In the fetus and after birth, THs participate in neurogenic processes, 
cell differentiation, neuronal activation, axonal growth, dendritic arborization, synaptogenesis and 
myelination. Although treatment is simple and effective, approximately 30% of pregnant women in 
Brazil with access to prenatal care have their first consultation after the first trimester of pregnancy, 
and any delay in diagnosis and resulting treatment delay may lead to cognitive impairment in 
children. This review summarizes the effects of clinical and subclinical hypothyroidism on fetal 
neurodevelopment, behavior and cognition in humans and rodents. Arch Endocrinol Metab. 2020;64(1):89-95
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INTRODUCTION

Thyroid hormones (THs) are essential for the 
development, growth and metabolism of all 

vertebrates from the embryonic period onward. 
Thyroxine, or T4 (3,5,3’,5’-tetraiodothyronine), the 
principal product of the thyroid gland, is considered 
a prohormone from which triiodothyronine (T3) is 
derived by deiodination. T3 is an active TH capable of 
binding to high affinity receptors located in the nucleus 
of its target cells, the thyroid receptors (TRs). T3 is 
a biologically active hormone and is fundamental for 
growth, differentiation, activity regulation and organ 
and tissue metabolism, even in adult life (1).

The fetal thyroid becomes fully functional in humans 
from the second trimester of gestation. However, the 
fetus expresses TRs for THs from the 9th week (2), 
suggesting that THs are important even before the 
fetus is able to synthesize them. The source of THs 
during the first trimester is, therefore, exclusively 
maternal, and changes in TH availability may cause 
complications during pregnancy and have a negative 
effect on neurodevelopment, including consequences 
for behavior and cognition (3). The more severe 
the change, the greater the damage (4). However, 

controversy still exists regarding whether subclinical 
hypothyroidism (SCH) impacts the neurodevelopment 
and cognition of offspring.

METHODS

The review process took place between January and 
December 2018. The PubMed, Lilacs, Scopus and Web 
of Science databases were used with no restriction on the 
date of publication. A bibliographic search was conducted 
using the following keywords in English, Portuguese and 
Spanish: hypothyroidism, subclinical hypothyroidism, 
gestational, pregnancy, offspring, cognition, behavior and 
memory. Papers related to congenital hypothyroidism 
were excluded from the analysis.

LITERATURE REVIEW

The fetal thyroid and the role of THs in central 
nervous system development during pregnancy

THs are essential for the development, growth and 
metabolism of all vertebrates from the embryonic stage 
to adulthood. The thyroid gland, through its interaction 
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with the thyroid stimulating hormone (TSH), which 
binds with membrane receptors present in the thyroid 
follicular cell, secretes two hormones: T4 and T3 (5).

Two pathways guarantee the production of 
adequate T3 levels: thyroid activity regulated by the 
hypothalamic-pituitary-thyroid system and peripheral 
T3 generation from T4, which depends on the action 
of specific enzymes called iodothyronine deiodinases. 
About 80% of circulating T3 is generated from T4 
deiodination, whereas 20% is generated by the thyroid 
itself (6).

Deiodinase type 2 (D2) converts T4 to T3. It is 
highly expressed in the central nervous system (CNS), 
the pituitary gland, brown adipose tissue and the 
placenta and provides T3 for the tissues in which it 
is expressed. Deiodinase type 3 (D3) is primarily 
responsible for the degradation of THs through 
the conversion of T4 into reverse T3 (rT3) and the 
conversion of T3 into T2. In adults, it is found mainly 
in the CNS and in the skin, and its action is increased 
in hyperthyroidism. However, it is highly expressed 
in fetal tissues (7), the placenta (8), the gravid uterus 
and umbilical vessels (9), ensuring that the fetus is not 
overexposed to active T3 (10).

The thyroid is the first endocrine gland to be formed 
during embryonic development (11). Its organogenesis 
can be described in 3 phases (Figure 1).

Phase 1. This phase begins on the 20th day of 
embryonic development (E20) in humans and on the 
8th day (E8) in mice, when endodermal thickening is 
observed on the floor of the pharynx, giving rise to a 
set of cells called the thyroid primordium. The thyroid 
primordium invaginates, forming the primitive thyroid 
bud, which begins its caudal migration. The coding 
genes for TTF-1, TTF-2 and PAX-8 are expressed at 
the beginning of glandular formation and are involved 
in the migration and proliferation process, but they are 
not dependent on T3 signaling (12,13). 

Phase 2. At the 7th week (E44-48) in humans and at 
the end of the 2nd week (E13-14) in mice, the thyroid 
bud reaches the final cervical position anterior to the 
trachea. At the end of the migration, the differentiation 
process depends on the progressive activation of 
thyroglobulin (TG), thyroid peroxidase (TPO), TSH 
receptor (TSHR), sodium/iodine symporter (NIS) 
and pendrin (PDS), all of which are related to TH 
biosynthesis (11). From the 9th week (E63) in humans 
and E11.5 in mice, the expression of the TRs (5) is 

Figure 1. Main phases of thyroid development from the 8th day of embryonic development (E8) for mice and the 20th day of embryonic development 
(E20) for humans.
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already detectable. The TRs belong to a superfamily of 
hormone-responsive nuclear transcription factors and 
interact with specific sequences in target genes called 
thyroid hormone-responsive elements (TREs) (14). 
Interaction between the receptors and the responsive 
elements can regulate positive and negative gene 
expression. In the case of promoters containing positive 
TREs, T3 must bind to the TRs to stimulate gene 
expression that is usually suppressed in the absence of 
such binding (15). Conversely, the activity of promoters 
containing negative TREs is stimulated when the 
receptors are not bound to T3, and transcription is 
suppressed if T3 binds to the TRs (14,15). 

Phase 3. During the period comprising the 10th 
(E70) and 12th weeks (E84) in humans and the third 
week in mice (E16.5), thyroid organogenesis and 
differentiation are completed. Between the 12th and 
14th weeks of fetal development, the human thyroid 
begins producing THs. This increases progressively 

until reaching its maximum capacity at week 28. In 
mice, the thyroid becomes active from E.16.5 (11,16).

This sequence of events strongly suggests that 
maternal THs are critical to proper fetal development. 
The TH transporters organic anion-transporting 
polypeptide 1c1 (Oatp1c1) and monocarboxylate 
transporter 8 (MCT8) are present in the placenta and 
the blood–brain barrier, which ensures their availability 
to the fetus (16-18).

From the 9th week of gestation, T3 of maternal 
origin regulates the neuronal proliferation processes 
and the initiation of neuronal migration in the 
cerebral cortex, hippocampus and medial ganglionic 
eminence in the fetus (Figure 2) (16,19). From the 
14th week, the fetus starts to contribute progressively 
to TH supply. At this stage, neurogenesis, neuronal 
migration, axonal growth, dendritic arborization, 
synaptogenesis, glial cell differentiation and 
myelination onset occur (16).

Figure 2. Development of fetal thyroid, expression of receptors, expression of deiodinases 2 and 3, levels of maternal and fetal T4 and CNS development 
throughout the gestational period in humans (adapted from [16]). 
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From the 28th week, the mother and fetus contribute 
equally to available TH levels and to the ongoing 
maturation of the CNS. However, despite increasing 
fetal TH levels, the thyroid is not fully mature until 
birth, and insufficient maternal TH levels may still cause 
adverse effects (12,16,19). After birth, the child depends 
exclusively on the synthesis of THs by its thyroid, and 
the process of myelination, the migration of granular 
cells in the dentate gyrus of the hippocampus and 
cerebellum, pyramidal cells in the cortex and Purkinje 
cells in the cerebellum continues (16).

It is reported in the literature that thyroid disorders 
during pregnancy are associated with severe maternal, 
fetal and neonatal complications such as miscarriage 
(20), preterm delivery (21) and preeclampsia (22).

Maternal hypothyroidism

During gestation, the demand for TH production 
by the maternal thyroid increases significantly, by 
approximately 20% to 50%, to maintain a euthyroid 
state. During the first week of gestation, the placenta 
begins synthesizing human chorionic gonadotropin 
(hCG), which acts as a TSH receptor agonist. 
Maximum hCG concentration is reached between the 
9th and 11th weeks, after which it decreases again, and 
a stable concentration is maintained from the 20th 
week. Simultaneously, there is an increase in thyroxine-
binding globulin (TBG) levels and the action of type 3 
deiodinase in the placenta. Together, these mechanisms 
result in increased maternal T4 serum concentration 
during the first trimester and a relative decrease over the 
second and third trimesters (23,24). Thus, conditions 
that affect the adequate availability of T4 may affect 
both the mother and the fetus (25). 

Clinical hypothyroidism (CH) is defined as a situation 
in which subnormal free T4 levels is accompanied 
by TSH levels higher than 10 mIU/L (26), and its 
incidence ranges from 0.3 to 0.5% in pregnant women 
(27). Subclinical hypothyroidism (SCH) is defined 
elevated TSH (> 4.5mIU/L) accompanied by normal 
free T4 levels (27). Its prevalence varies according to 
population, region, age, sex and race. Studies with 
large populations in various countries have reported 
a prevalence of 3 to 17% in the adult population, 
with higher frequencies in women and elderly people 
(25,28). It has a high prevalence among pregnant 
women of between 2 and 4% (29).

In pregnant women, the most common cause 
of CH and SCH is autoimmune thyroiditis (30).  

In this situation, the increase in TSH is accompanied 
by an increase in anti-peroxidase (anti-TPO) and anti-
thyroglobulin (anti-TBG) antibodies (26,28). Other 
causes include iodine deficiency, thyroid destruction 
(iodine ablation or surgery), and – more rarely –
hypothalamic-pituitary disorders (31). 

Changes in neurodevelopment and cognition in 
humans due to hypothyroidism

Maternal CH is associated with a number of adverse 
effects in the mother and child. Decreased THs 
in the fetus, especially during the first trimester 
of pregnancy, lead to fetal damage that includes 
impaired nerve cell differentiation, inadequate CNS 
development, increased risk of perinatal defects, low 
birth weight, and motor and cognitive developmental 
impacts (15,25).

Both maternal CH and SCH can cause IQ reduction 
in the child (32). Vulsma and cols. (33) compared the 
development of 120 children born to mothers diagnosed 
with hypothyroidism at the 12th week of gestation 
during the first 2 years of life and found impairments 
in the children’s motor and intellectual development 
compared to children born to euthyroid mothers. 
Korevaar and cols. (34) studied nearly 4,000 child–
mother pairs and reported that the children of mothers 
with hypo- and hyperthyroxinemia during pregnancy 
had significantly lower IQ scores than the children of 
mothers with adequate free T4. This decrease in IQ – 
assessed at 6 years old – was accompanied by a reduction 
in gray matter and the volume of the cortex. Ghassabian 
and cols. (35) also observed a reduction in verbal and 
nonverbal cognitive development among children of 
mothers with hypothyroxinemia, but without changes 
in brain morphology.

SCH’s impact on pregnant woman is better 
established than its impact on the fetus, and considerable 
controversy surrounds its influence on offspring 
cognition (36). It is associated with higher rates of 
placental abruption and increased risk of preterm 
birth (37), spontaneous abortion (38), gestational 
hypertension and severe preeclampsia (39).

Preterm birth is the most common cause of 
neuropsychological dysfunction in children and is 
associated with reduced IQ and attention deficit 
hyperactivity disorder (40,41). Behavioral disorders 
such as aggression and emotional disorders such as 
depression and anxiety are often associated with low 
gestational age (41).
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Therefore, SCH, by increasing the chances of 
preterm birth, may increase the chances of possible 
cognitive impairment, even if indirectly.

However, there is no consensus on whether 
treatment with levothyroxine (L-T4) efficiently 
prevents cognitive impairments. Haddow and cols. (32) 
suggested that increasing T4 doses during pregnancy 
for hypothyroid women may be sufficient to ensure the 
delivery of T3 and prevent the cognition impairments 
associated with low T4. However, Casey and cols. (42) 
found no better cognitive outcomes when comparing 
the offspring of treated and untreated women with 
SCH or hypothyroxinemia.

Changes in neurodevelopment, gene expression and 
cognition in rodents

Several studies involving rats and mice have 
demonstrated how maternal hypothyroidism influences 
cognitive function in offspring. Opazo and cols. (43) 
reported impairments in operational memory, spatial 
learning and changes in the expression and distribution 
of proteins involved in the formation of synapses in the 
offspring of hypothyroid rats, such as the discs large 
MAGUK scaffold protein 4 (Dlgh-4) and glutamate 
ionotropic receptor NMDA type subunit 1 (Grin1).

Brain-derived neurotrophic factor (BNDF) is an 
important protein involved in neurogenesis, neuronal 
maintenance and synaptic plasticity in the hippocampus, 
cortex and brain stem. It also promotes long-term 
potentiation (LTP) in the hippocampus (44). BDNF 
reduction in the hippocampus was correlated with 
impairment in spatial learning and operational memory 
in males and females born to mothers with CH (45-
47). This correlation is also found in the offspring of 
both sexes born to mothers with SCH (48).

Migration and differentiation processes are 
dependent on reelin, a glycoprotein involved in 
the signaling of neuronal migration in the cortex, 
hippocampus and cerebellum, and upregulated by 
the action of T3 (49). Both clinical and subclinical 
maternal hypothyroidism result in a decrease in reelin 
levels and aberrant neuronal migration in rats (46,50). 
The impairment in learning and spatial memory can be 
reversed in rodents with L-T4 replacement during the 
initial period of fetal development, around embryonic 
day 13. However, if the replacement is performed later, 
the impairments are not reversed.

In addition, the gene that encodes the Sonic 
Hedgehog (SHH) signaling protein is positively 

regulated by T3 and plays a key role in embryonic 
development. The SHH signaling protein is involved 
in neurogenesis, the localization of dopaminergic 
and serotoninergic neurons, and the mediation of 
neuroprotective and neurotrophic effects in several 
types of neurons (49). In rats, maternal hypothyroidism 
results in reduced Shh expression and changes in 
cerebellar morphology (51-53).

Several other proteins regulated by T3 are involved 
in memory and learning: EGR-1 is a transcription factor 
that increases significantly during the LTP process; 
the activity-regulated cytoskeletal protein (ARC) is 
involved with post-learning neuronal plasticity through 
the dendritic system; and Ras-proximate-1 protein 
(RAP-1) participates in the processes of proliferation 
and neuronal survival, adhesion and differentiation 
(54). Mitogen-activated protein kinases (MAPK) also 
constitute a family of important neurotransmitters and 
growth factor-activated markers, such as the MAPK 
activating protein (MEK) and the extracellular signal 
regulated kinase (ERK) (54). 

In rats with CH and SCH, the expression of  
Egr-1, Arc, Erk and Bndf in their offspring’s 
hippocampus was significantly decreased, and RAP-1 
levels were increased when compared to the offspring 
of euthyroid rats, although this was more pronounced 
in the HC roup. Changes in these proteins’ expression 
are accompanied by impairments in spatial learning 
evaluated using the water maze test and exploratory 
behavior evaluated using the open field test. These 
effects probably occur because these proteins are part 
of the Ras/Raf/MEK/ERK signaling pathway, which is 
involved in the LTP process (54,55). 

In another study, a contradictory finding was 
observed in which increased Erk 1/2 protein levels 
were found in the hippocampus of the offspring of rats 
with SCH. The authors argued that this discrepancy 
in the data, in which Erk levels appears to sometimes 
increase and sometimes decrease, was caused different 
experimental designs, such as the hippocampal region 
analyzed, the time elapsed since the thyroidectomy, 
whether the thyroidectomy was partial or total and the 
analyses performed (55).

The consequences of gestational CH for both 
mother and offspring are widely recognized, 
and hormone replacement therapy with L-T4 is 
recommended. However, there is still some debate 
regarding the treatment of pregnant women diagnosed 
with SCH (42). Some authors argue that the treatment 
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of pregnant women with SCH is not recommended 
due to lack of evidence and randomized clinical trials 
on the benefits of levothyroxine replacement for both 
mother and fetus (37,56,57). 

CONCLUSION

In conclusion, the consequences for CNS development 
and cognition caused by insufficient maternal THs 
in CH are well known in humans and have been 
established experimentally in rodents. However, 
rodent studies indicate that SCH also impacts 
cognitive development.

Since 2000, the Brazilian Ministry of Health has 
recommended a minimum of 6 prenatal consultations, 
according to the Programa de Humanização no Pré-
natal e Nascimento (PHPN), the Program for the 
Humanization of Prenatal Care and Childbirth (58). 
However, the 2018 Firjan Municipal Development 
Index (FDI) reported that, in 2016, one-third of 
pregnant women did not receive the recommended 
minimum number of prenatal consultations (59). 
In 2014, an epidemiological study conducted in 
Brazil indicated that, among pregnant women who 
received prenatal care, 24.2% started it after the 16th 
gestation week (60). Therefore, monitoring thyroid 
status throughout pregnancy, especially during the 
first trimester, is essential to ensuring adequate fetal 
development. Although prenatal TH testing should 
be routine to allow for the timely identification and 
treatment of any changes, not all pregnant women have 
adequate access to exams. More studies are necessary to 
evaluate whether SCH impacts cognition and behavior 
in humans, as studies in animal models mimicking this 
pathology have shown damage to the fetus. 
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ly to enhance the chance of a manuscript being accepted for publication. A maximum 
of 1,500 words in the main text plus up to 20 references and normally no more than 
two illustrations (tables or figures or one of each) are acceptable for Brief Reports. 

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 
that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 
should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

We emphasize that only case reports that offer important basic translational or clini-
cal contributions, preferentially together with a review of the literature, will be con-
sidered for publication.

Letters to the Editor 
Letters to the Editor may be submitted in response to manuscript that has been pu-
blished in the Journal. Letters should be short commentaries related to specific 
points of agreement or disagreement with the published manuscript. Letters are not 
intended for the presentation of original data unrelated to a published article. Letters 
should be no longer than 500 words, with no more than five complete references, 
and should not include any figures or tables. 

MANUSCRIPT PREPARATION 
GENERAL FORMAT 
The Journal requires that all manuscripts be submitted in a single-column format 
that follows these guidelines: 

•  The manuscript must be submitted in MS-Word format.
•  All text should be double-spaced with 2 cm margins on both sides using 11-point 

type Times Roman or Arial font.
•  All lines should be numbered throughout the entire manuscript and the entire 

document should be paginated.
•  All tables and figures must be placed after the text and must be labeled. Submit-

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. Papers submitted without all of these components will be placed on hold 
until the manuscript is complete. 

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. The manuscript´s 
originality and exclusivity should be stated, as well as the contribution of each 
author, Elsewhere on the submission form, authors may suggest up to three 
specific reviewers and/or request the exclusion of up to three others.

The manuscript must be presented in the following 
order: 
1. Title page.
2.  Structured abstract (or summary for case reports).
3.  Main text.
4.  Tables and figures. They must be cited in the main text in numerical order.
5.  Acknowledgments.
6.  Funding statement, competing interests and any grants or fellowships suppor-

ting the writing of the paper. 
7.  List of references. 

Title Page 
The title page must contain the following information: 

1.  Title of the article (a concise statement of the major contents of the article).
2.  Full names, departments, institutions, city, and country of all co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the correspon-

ding author. 
4.  Abbreviated title of no more than 40 characters for page headings.
5.  Up to five keywords or phrases suitable for use in an index (the use of MeSH 

terms is recommended).
6.  Word count – excluding title page, abstract, references, figures/tables and their 

legends.
7.  Article type 

Structured Abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted with 
structured abstracts of no more than 250 words. The abstract must be self-contained 
and clear without reference to the text, and should be written for general journal 
readership. The abstract format should include four sections that reflect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 

Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.
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Materials and Methods 
These should be described and referenced in sufficient detail for other investigators 
to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, only 
the modifications need be described. 

Results and Discussion 
The Results section should briefly present the experimental data in text, tables, and/
or figures. For details on preparation of tables and figures, see below. The Discus-
sion should focus on the interpretation and significance of the findings, with conci-
se objective comments that describe their relation to other studies in that area. The 
Discussion should not reiterate the Results. 

Authorship 
The AE&M ascribes to the authorship and contributorship guidelines defined by the 
International Committee of Medical Journal Editors (www.ICMJE.org). Unrestricted 
joint authorship is allowed. A maximum of two corresponding authors is allowed. 
The uniform requirements for manuscripts submitted to medical journals state that 
authorship credit should be based only on substantial contribution to: 
1.  The conception and design, or analysis and interpretation of data. 
2.  The drafting of the article or its critical review for important intellectual content.
3.  The final approval of the version to be published.
All these conditions must be met. The corresponding author is responsible for ensu-
ring that all appropriate contributors are listed as authors, and that all authors have 
agreed with the content of the manuscript and its submission to the AE&M. 

Conflict of interest 
A conflict of interest statement for all authors must be included in the main document, 
following the text, in the Acknowledgments section. If authors have no relevant con-
flict of interest to disclose, this should be indicated in the Acknowledgments section. 

Acknowledgments 
The Acknowledgments section should include the names of those people who con-
tributed to a study but did not meet the requirements for authorship. The correspon-
ding author is responsible for informing each person listed in the acknowledgment 
section that they have been included and providing them with a description of their 
contribution so they know the activity for which they are considered responsible. 
Each person listed in the acknowledgments must give permission – in writing, if 
possible – for the use of his or her name. It is the responsibility of the corresponding 
author to provide this information.

References 
References to the literature should be cited in numerical order (in parentheses) in the 
text and listed in the same numerical order at the end of the manuscript on a separa-
te page or pages. The author is responsible for the accuracy of references. The num-
ber of references cited is limited for each category of submission, as indicated above. 

Tables 
Tables should be submitted in the same format as the article (Word), and not in 
another format. Please note: we cannot accept tables as Excel files within the ma-
nuscript. Tables should be self-explanatory and the data they contain must not be 
duplicated in the text or figures. Tables must be constructed as simply as possible 
and be intelligible without reference to the text. Each table must have a concise 
heading. A description of experimental conditions may appear together with foot-
notes at the foot of the table. Tables must not simply duplicate the text or figures. 

Figures and Legends 
All figures must display the figure number. Sizing the figure: the author is responsi-
ble for providing digital art that has been properly sized, cropped, and has adequate 
space between images. All color figures will be reproduced in full color in the online 
edition of the journal at no cost to the authors. Authors are requested to pay the cost 
of reproducing color figures in print (the publisher will provide price quotes upon 
acceptance of the manuscript). 

Photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encourage all 
prospective authors to work with families prior to submission and address the issue 
of permission for review and possible publication of patient images. If your submis-
sion contains ANY identifiable patient images or other protected health information, 
you MUST provide documented permission from the patient (or the patient’s pa-
rent, guardian, or legal representative) before the specific material circulates among 
editors, reviewers and staff for the purpose of possible publication in AE&M. If it is 
necessary to identify an individual, use a numerical designation (e.g. Patient 1) ra-
ther than using any other identifying notations, such as initials. 

Units of Measure 
Results should be expressed in metric units. Temperature should be expressed in 
degrees Celsius and time of day using the 24-hour clock (e.g., 0800 h, 1500 h). 

Standard Abbreviations 
All abbreviations must be immediately defined after it is first used in the text. 

Experimental Subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 

The study populations should be described in detail. 

Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further details, see the Ethical Guidelines. 

Investigators must disclose potential conflict of interest to study participants and 
should indicate in the manuscript that they have done so. 

Experimental Animals 
A statement confirming that all animal experimentation described in the manuscript 
was conducted in accordance with accepted standards of humane animal care, as 
outlined in the Ethical Guidelines, should be included in the manuscript.

Ethical Guidelines
All studies involving human research must be in accordance with the Declaration of 
Helsinki and must have been formally approved by the appropriate institutional re-
view board, ethical review committee, or equivalent. Concerning research conduc-
ted in Brazil, all studies must inform the CAAE (Certificado de Apresentação para 
Apreciação Ética) registration number generated in Plataforma Brasil. 

In all experiments involving human subjects, it should be stated that informed con-
sent was obtained from the participants and that an institutional human research 
committee had approved the investigations. This should be stated in the Methods 
section of the manuscript.

Regarding studies involving experimental animals, a statement confirming that all 
experimentation was performed according to accepted standards of humane ani-
mal care should be included in the manuscript.

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

ported. These can be easily derived for novel variants uncovered by the study. 
Where rs numbers are provided, the details of the assay (primer sequences, PCR 
conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett et al. 
J Genet Counsel (2008) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

Nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene No-

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines suggested 

by the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) 
• Provide information and a discussion of departures from Hardy-Weinberg equili-

brium (HWE). The calculation of HWE may help uncover genotyping errors and 
impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is also de-
sirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. Where 
a proprietary (brand) name is used, it should begin with a capital letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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