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ABSTRACT 
Objective: To determine the role of Sex Hormone Binding Globulin (SHBG) in cases of hyperinsulinemia and insulin 
resistance among our population. 
Material and Methods: It was a cross-sectional analytical study conducted at Department of Chemical Pathology 
and Endocrinology, Armed Forces Institute of Pathology, Rawalpindi, from Jun 2022 – Dec 2022. Study is comprised 
of 90 samples consisting of both males and females. Study individuals were categorized as Pre-Diabetic and Diabetic 
according to their fasting plasma glucose levels. Fasting plasma insulin levels were done on Advia Centaur XPT 
Chemiluminescence Immunoassay analyser. Serum SHBG was done on Immulite 2000 by chemiluminescent 
immunometric assay. Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) was calculated from fasting 
glucose and insulin levels. Cut off value of 2.2 was used for labelling insulin resistance. Data was analyzed on SPSS 
version 23. Mean and standard deviation (SD) was calculated for glucose, insulin and SHBG. T-test was used to 
compare means of pre diabetic and diabetic groups. Pearson’s correlation was used to establish correlation between 
SHBG and HOMA-IR. 
Results: Our study included 57 males and 33 females with mean age of 47±11 years and 47±12 years, respectively. 
SHBG levels were significantly higher in pre-diabetics as compared to diabetics. The Pearson’s correlation between 
SHBG and Fasting serum insulin is weak negative (r = 0.3, p = -0.23), same is between SHBG and HOMA-IR (r = 
0.25, p = -0.86), showing no significant association between SHBG and HOMA-IR among our population. However, 
two tailed t-test showed marked difference between means of serum SHBG, fasting serum insulin and HOMA-IR 
among diabetic and pre-diabetic groups with 95% confidence Interval. 
Conclusion: The negative association of SHBG with insulin resistance is not marked in our population. Various 
epidemiological, external and metabolic factors could affect and should be excluded before establishing this negative 
correlation between SHBG and Insulin resistance for predicting the development of diabetes mellitus (DM) 
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INTRODUCTION 
Sex hormone – binding globulin (SHBG) is a 

protein having molecular weight of 90 –100 kDa 

produced mainly by the liver. The short arm of 

chromosome 17 resides its gene. Main function of 

SHBG is to transport testosterone (T), estradiol (E2) 

and some other steroids in the blood reducing their 

metabolic rate and enhancing approach to the target 

tissues. SHBG not only acts as a binding and a 

transportation hormone but also exerts some cellular 

effects by regulating the target response of sex 

hormones [1]. Moreover, it has been shown that insulin 

might exert inhibitory effects on SHBG production [2]. 

In accordance with these findings, obesity and insulin 

resistance have been found related with the 

decreased level of SHBG [3]. 

A study conducted by Veltman et.al (2010) 

also showed an association of low levels of SHBG in 

females with gestational diabetes mellitus (GDM) and 

polycystic ovaries depicting an association of SHBG 

with body metabolism and its hormonal profile. The 

negative correlation between SHBG and 

hyperinsulinemia points towards development of 

diabetes mellitus may be due to various impending 

factors responsible for this association such as dietary 

factors which may influence SHBG gene transcription 

[4].  

A study conducted by Wallace IR et al (2013) 

has provided new vision of the function and regulation 

of human SHBG. Based on these findings, it was 

hypothesized that SHBG could be a valuable 

parameter of both metabolic and endocrine disorders 

[5]. Serum level of SHBG is a matter of hormonal, 

metabolic, genetic and nutritional regulation which 

may also lead to insulin resistance resulting in 

diabetes. Fatty enlargement of liver and insulin 

resistance are important factors for establishing gene 

expression of SHBG and these determinants explain 
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why low levels of SHBG are linked with type 2 diabetes 

[6]. Low levels of SHBG are also associated with type 

2 diabetes, metabolic syndrome as well as 

cardiovascular diseases which may go along with 

these conditions. On the other hand, SHBG levels 

increase after reducing weight, enhancing insulin 

sensitivity [7,8].  

The relationship between SHBG and serum 

fasting insulin or C-peptide levels has been 

established demonstrating improvement in insulin 

resistance (IR) with reduction in weight or following 

treatment with insulin-sensitizing medications [19]. 

Presently, SHBG has appeared as a new biomarker 

for IR. However, a limited data is available in Asian 

population. So, the exact mechanism for this 

correlation still needs to be discovered. Keeping in 

view the ethnic differences from other population we 

decided to determine the relation between SHBG and 

insulin levels in our population. Moreover, our study 

will help in elaborating role of SHBG in cases of 

hyperinsulinemia and developing insulin resistance in 

our population having demographic, racial and 

metabolic differences. 

 

MATERIAL AND METHODS 

It was a cross-sectional study, conducted at 

Armed Forces Institute of Pathology, Rawalpindi / 

National University of Medical Sciences after approval 

from Institutional Review Board. Taking 10% 

prevalence of prediabetes (Insulin resistance) in our 

population having confidence level of 95%  with 

margin of error 6%, we calculated sample size to be 

90 to include in our study [10]. Glucose concentration 

in the range of 5.6 – 6.9 mmol/L was taken as pre-

diabetes while diabetes was labelled at glucose 

concentration ≥ 7 mmol/L, according to American 

Diabetes Association (ADA) Guidelines.11 Study 

individuals were grouped in Pre-diabetics and 

Diabetics according to their fasting plasma glucose 

levels. All patients on exogenous insulin were 

excluded. 

Venous sample (3 ml) for plasma glucose 

fasting was taken in sodium fluoride tube which was 

analysed on Advia 1800 Clinical Chemistry Analyzer. 

Fasting serum sample (2ml) of insulin was taken in 

gel-tube simultaneously analysed on Advia Centaur 

XPT Immunoassay auto- analyser by 

chemiluminescence method having Analytical 

Measuring Range (AMR) 0.5-300 mU/L. SHBG serum 

sample (1 ml) taken in gel tube was run on Immulite 

2000 by chemiluminescent immunometric assay 

having analytical sensitivity of 0.02 nmol/L. Samples 

centrifugation was done at 3500 rpm for three minutes 

and were analysed within 2 hours of collection.  

Three levels of controls including low, normal 

and high were run with each batch of plasma glucose, 

serum insulin and serum SHBG as a part of internal 

quality control. Z score of insulin for External Quality 

Control (EQAS) was < 2.0 during the study period. 

Homeostatic Model Assessment for Insulin 

Resistance (HOMA-IR) was calculated from fasting 

glucose and insulin levels. Cut of value of 2.2 was be 

used for labelling insulin resistance [12]. 

Statistical Package for Social Sciences 

(SPSS) version 23 was used for all statistical 

calculations. Mean and standard deviation (SD) was 

calculated for glucose, insulin and SHBG. One sample 

t-test was applied to compare means of pre diabetic 

and diabetic groups. Pearson’s correlation was used 

to establish correlation between SHBG and HOMA-IR. 

All statistical tests were two-sided. p < 0.05 is 

considered statistically significant. 

 

RESULTS  

Our study includes 57 males and 33 females 

with mean age (Mean ± SD) of 47 ± 11 years and 

(Mean ± SD) 47 ± 12 years, respectively. We divide 

the study population according to their fasting serum 

insulin and HOMA-IR values in 2 groups. Serum 

insulin levels were found to be low in pre-diabetic 

population as compared to diabetic group indicating 

more insulin resistance among diabetics. However, 

SHBG levels were significantly higher in pre-diabetics 

as compared to diabetics. The Pearson’s correlation 

between SHBG and serum insulin fasting came out to 

be weak negative (r = 0.3, p = -0.23), same as between 

SHBG and HOMA-IR (r = 0.25, p = -0.86) as shown in 

Table-I. Age distribution between pre-diabetics and 

diabetics is shown in Table-II having more participants 

in age bracket of 30-45 years. However, more male 

participants (63%) were present in the study than 

females (37%). 

Two tailed t-test showing marked difference 

between means of serum SHBG, Serum insulin fasting 

and HOMA-IR among diabetic and pre-diabetic 

groups. 
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Table-I: SHBG and HOMA-IR among Pre-diabetics (n=58) and Diabetics (n=32), (Total n=90) 

         Variables Pre-Diabetics 
Mean ± SD 

(n=58) 

Diabetics 
Mean ± SD 

(n=32) 

p- value 
(˂ 0.05) 

Fasting Plasma Glucose 
(mmol/L) 

6.09 ± 0.33 10.07 ± 3.5 ˂ 0.001 

Fasting Serum Insulin (U/L)  9.61 ± 9.18 
(1.90-34.32) 

14.39 ± 12.22 0.038 

HOMA-IR 2.7512 ± 2.63 6.5606 ± 5.87 <0.001 
SHBG 
(nmol/L) 

35.30±29.14 
(5.50-180.0) 

23.65±11.02 0.032 

SHBG; Sex Hormone Binding Globulin, SD. Standard Deviation, HOMA-IR; Homeostatic Model for Assessment of Insulin Resistance 

 

Table-II: Age distribution among Pre-diabetics and Diabetics (Total n=90) 

         
DISCUSSION  

SHBG is an important globulin (protein) not 

only for transport of sex hormones but also for 

regulation of multiple metabolic pathways among 

several endocrine functions. It is mainly produced in 

the liver under various hormonal and dietary factors. It 

has been suggested that low levels of SHBG are 

usually found in cases of insulin resistance relating 

that its secretion is inhibited by insulin, hence SHBG 

has been considered as an effective predictive marker 

for development of diabetes [6]. However, little data is 

available in Asian population regarding this emerging 

marker of insulin resistance. The hormonal profile may 

show variations in different population because of 

varying environmental factors and various metabolic 

needs of the body. These may be due to variations in 

ethnicity, gender differences and various 

socioeconomic variables.  

Although, the negative correlation between 

SHBG and HOMA-IR was found but it didn’t come out 

to be significant. Therefore, we found that low SHBG 

could point towards developing insulin resistance or 

metabolic syndrome in both genders but it could be 

influenced by many external as well as internal factors. 

Our study showed that in diabetics, the levels of SHBG 

are lower than in subjects with pre-diabetes. It could 

be due to low grade ongoing inflammation in diabetes 

which effects SHBG levels. SHBG has anti-

inflammatory effects but in diabetes due to slow 

inflammatory cascade this effect is masked and SHBG 

levels are also affected [13]. 

In one study, Manal Abdalla et.al (2017) also 

found an association of SHBG with development of 

diabetes among pregnant ladies. It was concluded that 

Low serum SHBG is linked with the complications and 

prognosis of gestational diabetes which plays an 

important part in pathogenesis leading to Insulin 

Resistance [14]. Combined with these outcomes, it 

was suggested that insulin might exert inhibitory effect 

in the production of SHBG after excluding exogenous 

insulin and other environmental factors. 

Although SHBG has been introduced as an 

important endocrinological and genetic marker which 

could possibly contribute to the development of 

diabetes mellitus (DM), genetic studies also disclose 

that transmission of a definite polymorphisms in 

the SHBG gene also influences its expression [15]. In 

another study conducted in Sweden, concentrations of 

SHBG were inversely associated with log transformed 

HOMA-IR in all groups [16]. 

It is obvious from literature review that SHBG 

might has a role in glucose homeostasis in humans. 

However, a study on Japanese-American population 

concluded that SHBG was not a substantial risk factor 

in either gender, suggesting that there are some ethnic 

differences which could influence SHBG expression. 

The mean SHBG concentration was higher in the non-

diabetic group (42.2 nmol/L) than the diabetic group 

(30.5 nmol/L). An inverse but weak association 

between insulin resistance and SHBG was observed 

(r = 0.353, p < 0.015) [17]. This study also supports 

our hypothesis that although an inverse correlation 

exists between SHBG and insulin resistance, this 

relationship may be influenced by racial and metabolic 

differences among populations. 

A study conducted in China, having 396 

participants, all were healthy girls at baseline age 11 

years concluded that in early puberty, decline in        

SHBG predicts development of insulin resistance, 

independent of adiposity [18]. We also divide our study 

group in three age groups showing highest number of 

participants in 30-45 years of age with more in pre-

diabetic range having high SHBG concentration.   

Age in Years Pre-diabetics 
(5.6-6.9mmol/L) 

Diabetics 
>7.0 mmol/L 

Total 
(n) 

30-45 35 (38%) 08 (8.8%) 43 (47.7%) 
46-60 11 (12.2%) 21 (23.3%) 32 (35.5%) 
61-75 12 (13.3%) 03 (3.3%) 15 (16.6%) 
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The results of our study are not exactly 

consistent with previous studies, indicating that in our 

population the association between SHBG and insulin 

was negative but not much significant. As HOMA-IR is 

also representative of insulin resistance it requires 

both fasting insulin and fasting glucose levels. On the 

other hand, exogenous insulin could also be an 

interferent in measuring insulin resistance so SHBG 

could also be added in screening patients for insulin 

resistance after excluding ethnic differences and other 

co-morbid inflammatory conditions. Hence, the 

possible direct effects of SHBG in these processes 

need to be investigated in more detail predicting 

effects of hormonal imbalance in diabetic and pre-

diabetic people. In addition, these results will 

contribute to the understanding of role of SHBG in 

diabetes mellitus. 

 

CONCLUSION 

The negative association of SHBG with insulin 

resistance is not marked in our population. Various 

epidemiological, external and metabolic factors could 

affect and should be excluded before establishing this 

negative correlation between SHBG and Insulin 

resistance for predicting the development of DM. 
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