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Abstract
Type 2 diabetes mellitus (T2DM) is a long-term metabolic disorder. It is characterized by hyperglycemia, insulin resistance (IR), and
relative impairment in insulin secretion. IR plays a major role in the pathogenesis of T2DM. Many previous studies have investigated
the relationship between estrogen, androgen, and obesity, but few focused on the relationship between sex hormones, abnormal
lipid metabolism, and IR. The goal for the present study was to identify the association of IR with sex hormone, abnormal lipid
metabolism in type 2 diabetes, and impaired glucose tolerance (IGT) patients.
In total 13,400 participants were analyzed based on the results of the glucose tolerance test. Using a cross-sectional study, we

showed the relationship between IR and the level of sex hormones among 3 different glucose tolerance states: normal control people,
IGT, and T2DM patients. We also analyzed the relationship between IR and abnormal lipid metabolism.
Significantly, luteinizing, progesterone, estradiol, prolactin, and follicle-stimulating hormone levels decreased in T2DM and IGT

patients compared with those in normal control people. The association between IR and lipid metabolism disorders in T2DM and IGT
patients was also observed.
Our clinical findings may offer new insights into understanding the mechanism of metabolic disorders and in new therapeutic

methods for the treatment of the prevalence of type 2 diabetes.

Abbreviations: ALT = alanine aminotransferase, BMI = body mass index, cFT = calculated free testosterone, CHOL =
cholesterol, CVD = cardiovascular disease, FBG = fasting blood glucose, FFA = free fatty acid, FINS = fasting insulin, FPG = fasting
plasma glucose, FSH = follicle stimulating hormone, HbA1c = hemoglobin A1c, HDL = high-density lipoprotein, HOMA =
homeostatic model assessment, HOMA-IR = homeostasis model assessment of insulin resistance, HRT = hormone replacement
therapy, IGT= impaired glucose tolerance, IMT= intima-media thickness, IR= insulin resistance, LDL= low-density lipoprotein, LH=
luteinizing hormone, OGTT = oral glucose tolerance test, SHBG = sex hormone-binding globulin, T2DM = type 2 diabetes mellitus,
TG = triglyceride, TGAb = thyroglobulin antibody, TPOAb = thyroid peroxidase antibody, TSH = thyroid stimulating hormone, TT3 =
total triiodothyronine 3, TT4 = total thyroxine 4, VLDL = very-low-density lipoproteins.

Keywords: abnormal lipid metabolism, cross-sectional study, IGT, insulin resistance, sex hormone, T2DM
1. Introduction

Diabetes is amajor public health concern. Itwas reported that about
347million peopleworldwidewere suffering fromdiabetes in 2008.
The incidence of diabetes would rapidly increase and almost double
by 2030.[1] The faster increase (about 50%) in the near futurewould
occur in developing counties.[1] As the largest developing country,
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China has the largest number of individuals with diabetes in the
world. More than 90% of diabetic patients suffer from type 2
diabetes mellitus (T2DM).[2] In 2014, the prevalence of T2DMwas
estimated at 9.32%amongChinese population aged 18 to 79 years,
representing an estimated 96.3 million people.[3]

T2DM is a long-term metabolic disorder that is characterized
by high blood sugar, insulin resistance (IR), and relative lack of
insulin. IR is a primary pathogenic feature of T2DM and an
independent risk factor for cardiovascular disease (CVD).[4,5] It is
known that endocrine disruptors play an important part in the
incidence of metabolic diseases. The pancreatic beta-cell is a
target of estrogens,[6] which plays an important role in blood
glucose homeostasis. 17b-estradiol (E2) levels above or below the
physiological range may promote IR and type 2 diabetes. Serum
testosterone levels have also been studied in populations of men
attending hospital-based diabetes clinics, with estimates that
30% to 50% of men with T2DM have low testosterone.[7] All
these indicated the association between sex steroids and glucose
metabolism. Therefore, understanding the mechanisms through
which IR evolves is critical for improving strategies in the
prevention and treatment of diabetic.
IR has long been associated with obesity and the disorder of

lipids and hormones.[8–10] However, few studies have comprehen-
sively collected and analyzed the clinical data froma single hospital
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Table 1

Clinical characteristics of 13,400 participants.

Items Number Minimum Maximum Mean
Standard
deviation

Age, y 13,399 14 88 49.50 9.68
BMI, kg/m2 11,745 15 50 25.24 3.46
Waist circumference, cm 11,723 54 155 89.18 10.61
Body fat percentage, % 11,739 4 48 26.62 5.16
Basal metabolism, kg/m2/h 11,739 807 2162 1323.47 183.25
Muscle mass (TENS) 11,739 24 92 48.93 8.90
Pulse (BPM) 11,676 37 6,255,367 609.13 57889.61
Fasting blood glucose, mmol/L 13,400 2.79 26.05 5.62 1.43
2 h postprandial blood glucose, mmol/L 10,792 2.90 26.03 7.75 2.51
Fasting insulin, pmol/L 13,191 0.20 536.70 11.12 9.99
2 h postprandial insulin, pmol/L 10,843 0.20 543.80 48.50 35.89
Fasting C-peptide, pmol/L 13,190 0.01 15.52 2.53 0.97
2 h postprandial C peptide, pmol/L 10,844 0.01 24.53 7.74 2.86
Glycated hemoglobin, pmol/L 13,004 4 14 5.77 0.82
Low-density lipoprotein, mmol/L 13,191 0.14 8.75 3.07 0.83
Total cholesterol (CHO), mmol/L 13,191 1.56 12.63 4.68 0.94
Triglycerides, mmol/L 13,110 0 36 1.71 1.286
High density lipoprotein, mmol/L 13,191 0.20 4.01 1.22 0.34
Creatinine, umol/L 13,312 31.0 1290.0 67.32 22.37
ALT, U/L 13,304 2.3 813.2 23.95 20.70
Luteinizing hormone, mmol/L 10,062 0.10 119.60 10.70 12.19
Progesterone, mmol/L 10,062 0.09 115.80 3.70 9.80
Prolactin, mmol/L 10,060 0.93 470.000 15.35 12.03
Testosterone, mmol/L 10,062 0.09 52.050 10.45 8.46
Estradiol (mmol/l) 10,059 18 5141 173.48 273.27
Follicle stimulating hormone, mmol/L 10,062 0.10 177.70 17.21 24.67
TT3, mmol/L 12,743 0.535 33.90 1.62 0.41
TT4, mmol/L 12,743 22.51 255.70 96.80 18.27
Free T4, mmol/L 12,743 3.64 84.21 16.06 2.61346
FreeT3, mmol/L 12,743 1.61 46.11 4.87 0.87
TSH, mmol/L 12,741 0 100 2.59 3.49
TGAb, IU/mL 11,931 10 4000 50.86 210.81
TPOAb, IU/mL 11,924 5 600 24.14 72.34
MOMAIR 13,191 0.03 162.20 2.91 3.51
Valid N (listwise) 8457

ALT= alanine aminotransferase, BMI=body mass index, TGAb= thyroglobulin antibody, TSH= thyroid stimulating hormone, TT3= total triiodothyronine 3, TT4= total thyroxine 4.
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to assess the associations of various clinical parameters in T2DM
patients. Here, we performed a cross-sectional study of the
comparison between disturbed lipid metabolism and the sexual
hormone state in healthy people, patients with impaired glucose,
and diabetic patients in China. Hence, the aim of the study was to
investigate the association of IR with lipid metabolism and sexual
hormone at different glucose states among T2DM, prediabetic
patients, and normal control people to offer new insights into the
treatment of diabetes.
2. Methods

A total of 13,400 patients were enrolled at Beijing Health Center
from January 2016 to August 2016 in China. A standard
questionnaire was used to collect information about the health
status, medication history, and lifestyles of participants. Each
subject signed an agreement of participation in this study that was
approved by the ethics committee of the Beijing Hospital.
The cross-sectional data from healthy subjects have no

diabetes. Depending on blood glucose levels, patients were
divided into 3 groups: control group with normal blood glucose
levels, impaired glucose tolerance (IGT) group, and diabetes
2

group. After oral glucose tolerance test (OGTT), the glucose
tolerance data were obtained; meanwhile, the basic clinical
indicators, such as body fat rate, sex hormones, urinary protein,
thyroid function, were determined. During physical examina-
tions, the height, weight, and BMI of all the participants were
measured. High-density lipoprotein (HDL), low-density lipopro-
tein (LDL), triglyceride (TG), total triiodothyronine 3 (TT3), and
total thyroxine 4 (TT4) were measured by colorimetric enzymatic
assays using an autoanalyzer (Hitachi 7170). Fasting insulin,
fasting blood glucose, luteinizing hormone (LH), progesterone,
prolactin, testosterone, estradiol, and follicle stimulating hor-
mone (FSH) levels were measured. IR was estimated by using the
homeostasis model assessment of IR (HOMA-IR) (FINS (uIU/
mL)�FBG (mmol/L)/22.5).
2.1. Statistical analysis

Normally distributed variables were expressed as mean±
standard deviation, while variables with a skewed distribution
were expressed as medians, along with the upper and lower
quartiles. Two-tailed results with P< .05 were considered
statistically significant. Multiple liner analysis was used to



Figure 1. Comparisons of blood biochemistry tests among 3 groups. A, Twohours postprandial blood glucose. B, Alanine aminotransferase (ALT). C, High-density
of lipoprotein.
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analysis the correlations between parameters and IR in groups at
different ages and gender. All statistical analyses were performed
with SPSS 17.0 software (SPSS Inc, Chicago, IL) and Graph Pad
Prism software 7.0.
3. Results

In total 13,400 were analyzed in the study excluding those who
have missing data. Based on the results of the glucose tolerance
test, 10,908 participants (81.4%) with normal blood glucose
were grouped into control, 1203 participants (9.0%) into IGT
group, and 1289 (9.6%) into diabetes group.
3.1. Clinical characteristics of the groups

Clinical characteristics of 13,400 participants are shown in
Table 1. The mean age and BMI of the participants were 49.50±
9.69 years old and 25.24±3.46kg/m2. The fasting blood glucose
level in the diabetic group was increased by 43.9% compared
with the control group (Fig. 1A). Compared with the control
group, the levels of fasting insulin and 2hours postprandial
insulin in the IGT group were increased by 34.24% and 21.54%,
respectively. The low-density lipoprotein levels in all the 3 groups
were not significantly different (data not shown). However, the
3

levels of high-density lipoprotein in diabetic patients compared
with IGT patients were significantly decreased (Fig. 1B and C).
Strikingly, the levels of luteinizing hormone, progesterone,
estradiol, follicle stimulating, and prolactin in both the diabetic
and IGT groups are lower than that in the control group
(Fig. 2A–D). However, testosterone levels in diabetic and IGT
patients were respectively higher than those in the control group
(Fig. 2D). To investigate what factors will affect the IR index of
the people with IGT or normal glucose tolerance, we performed a
further regression analysis to see the association between these
parameters and IR (Tables 2–6) in general and in different groups
based on age and gender. Notably, we found that in general BMI
(P< .05), body fat percentage (P= .044), HbA1c (P< .05), LDL
(P< .05), cholesterol (CHOL) (P< .05), TG (P< .05), HDL
(P< .05), ALT (P< .05), progesterone (P= .022), testosterone
(P< .05), TT4 (P= .006), free triiodothyronine 3 (FT3) (P< .05),
free thyroxine 4 (FT4) (P< .05) are associated with IR. For
women with IGT under 40, body fat percentage (P= .016),
HbA1c (P< .05), ALT (P< .05), LDL (P= .031), TPOAb
(P= .025) are associated with IR. For women in IGT older than
40, HbA1c (P< .05), ALT (P< .05), FT4 (P= .004) are associated
with IR. For men in IGT under 40, HbA1c (P= .024), TG
(P= .012), ALT (P= .010) are associated with IR.
For men in IGT more than 40, BMI (P= .041), HbA1c

(P< .05), LDL (P= .007), CHOL (P= .005), TG (P= .002), ALT
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Figure 2. Comparisons of hormone levels among 3 groups. A, Luteinizing hormone. B, Follicle stimulating progesterone. C, Prolactin. D, Testosterone.
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(P= .005), progesterone (P= .038), TT4 (P= .003), FT4 (P< .05)
are associated with IR.
3.2. Insulin, HbA1c, and HOMA-IR increased in both IGT
and diabetes groups

The levels of hemoglobin A1c (HbA1c) in both IGT and diabetes
groups were significantly higher than those in control group
(Fig. 3A). The homeostatic model assessment (HOMA) is a
method used to quantify IR and b-cell function, thus, to be an IR
index. Significantly, the HMOMA-IR in the diabetes and IGT
groups were 62.08% and 46.99% higher than that in control
group (Fig. 3B).

3.3. Analysis of IR and abnormal lipid metabolism in
T2DM and IGT groups

The total amount of fatty substances, CHOL and TG in diabetes
and IGT groups were higher than that in control group (Fig. 4).
TG in diabetes and IGT groups showed a 34.71% and 25.12%
increase, respectively, compared with control group (Fig. 4B).
However, HDL in diabetic and IGT groups had a 14.10% and
6.40% decrease, respectively, compared with control group
(Fig. 4C). The results indicated that IR and abnormal lipid
metabolism appeared only in IGT and diabetes groups.
Significantly, compared with control group, IGT and diabetes
groups showed higher TT3, TT4, FT3, and FT4 levels (which is in
4

accordance with the lipid level), indicating the disturbance in the
metabolic state (Fig. 5).

3.4. Metabolism disorder is associated with sex hormone
disorders in T2DM and IGT patients

It was reported that levels of plasma testerone were significantly
lower in men with diabetics than in man without diabetics. Sex
hormone-binding globulin (SHBG) gene polymorphisms may
cause a high risk of T2DM through its impact on testosterone and
estradiol levels. A prospective cohort study[11] also demonstrated
that higher SHBG and lower calculated free testosterone (cFT)
levels were risk factors for all causes of mortality inmenwith type
2 diabetes mellitus, which could be influenced by the SHBG, a
carrier protein of testosterone. Both progesterone and estradiol
levels were significantly decreased in diabetes mellitus and IGT
patients compared with normal control participants (Figs. 2 and
6). Progesterone levels decreased around 55.84% and 53.74%,
respectively, in diabetes and IGT groups. Estradiol levels
decreased around 39.70% and 42.62% in diabetes and IGT
groups, respectively.
4. Discussion

IR is closely associated with diabetes mellitus, thus, the
homeostatic model assessment was accounted for IR (HOMA-
IR), which is a function of the product of fasting insulin and



[12]

Table 2

Multiple linear regression analysis showed that BMI, body fat
percentage, HbA1c, LDL, CHOL, TG, HDL, ALT, progesterone,
testosterone, TT4, FT3, and FT4 are significantly associated
with IR.

Variables B SD t Sig

�9.433 0.670 �14.071 0.000
Gender �0.009 0.071 �0.134 0.894
Age 0.111 0.103 1.080 0.280
BMI 0.159 0.031 5.193 0.000
Waistline �0.004 0.006 �0.613 0.540
Body fat percentage 0.035 0.017 2.013 0.044
Basal metabolic rate 0.000 0.001 0.545 0.586
Muscle mass 0.018 0.019 0.921 0.357
HbA1c 1.122 0.043 25.869 0.000
LDL 0.928 0.215 4.320 0.000
CHOL �1.077 0.216 �4.986 0.000
TG 0.445 0.071 6.268 0.000
HDL 0.638 0.222 2.868 0.004
ALT 0.014 0.002 8.093 0.000
LH 0.003 0.007 0.494 0.621
Progesterone 0.009 0.004 2.292 0.022
Prolectin �0.005 0.003 �1.812 0.070
Testosterone �0.030 0.006 �4.778 0.000
Estradiol 0.000 0.000 �1.308 0.191
Follicle-stimulating hormone �0.005 0.004 �1.294 0.196
TT3 �0.241 0.151 �1.595 0.111
TT4 0.008 0.003 2.763 0.006
FT3 0.393 0.087 4.513 0.000
FT4 �0.108 0.022 �4.873 0.000
TSH �0.002 0.014 �0.113 0.910
TGAb 0.000 0.000 �0.775 0.438
TPOAb �0.001 0.001 �1.216 0.224

ALT= alanine aminotransferase, BMI=body mass index, CHOL= cholesterol, FT3= free triiodothyr-
onine 3, FT4= free thyroxine 4, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, LDL= low-
density lipoprotein, LH= luteinizing hormone, TG= triglyceride, TGAb= thyroglobulin antibody,
TPOAb= thyroid peroxidase antibody, TSH= thyroid stimulating hormone, TT3= total triiodothyronine,
TT4= total tetraiodothyronine.

Table 3

Multiple linear regression analysis showed that forwomenwith IGT
under 40, Body fat percentage, HbA1c, ALT, LDL, and TPOAb are
significantly associated with IR.

Variables B SD t Sig

�16.592 3.376 �4.915
Waistline �0.020 0.031 �0.634 0.527
Body fat percentage 0.249 0.101 2.463 0.016
HbA1c 1.061 0.325 3.267 0.002
LDL �0.177 1.209 �0.146 0.884
TG �0.041 0.372 �0.109 0.913
HDL 0.604 1.349 0.448 0.656
ALT 0.028 0.007 4.085 0.000
Progesterone 0.020 0.028 0.709 0.480
Testosterone 0.032 0.030 1.071 0.287
Estradiol �0.002 0.001 �1.160 0.249
Follicle stimulating hormone �0.008 0.020 �0.411 0.682
TT4 0.030 0.019 1.576 0.119
FT4 �0.267 0.142 �1.884 0.063
TSH 0.106 0.132 0.802 0.425
TGAb �0.002 0.003 �0.795 0.429
TPOAb 0.005 0.002 2.271 0.025
BMI �0.096 0.150 �0.641 0.523
Basal metabolic rate 0.002 0.004 0.470 0.640
Muscle mass 0.144 0.103 1.399 0.165
CHOL 0.365 1.146 0.318 0.751
LH 0.011 0.036 0.307 0.759
Prolectin �0.007 0.023 �0.301 0.764
TT3 �0.318 1.484 �0.214 0.831
FT3 0.092 0.538 0.170 0.865

ALT= alanine aminotransferase, BMI=body mass index, CHOL= cholesterol, FT3= free triiodothyr-
onine 3, FT4= free thyroxine 4, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, LDL= low-
density lipoprotein, LH= luteinizing hormone, TG= triglyceride, TGAb= thyroglobulin antibody,
TPOAb= thyroid peroxidase antibody, TSH= thyroid stimulating hormone, TT3= total triiodothyronine,
TT4= total tetraiodothyronine.
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glucose levels. We used levels of fasting insulin, 2hours
postprandial insulin, and HOMA-IR to estimate IR in all the
participants. HbA1c and fasting blood glucose were also used to
evaluate the state of glucose metabolism. Patients with insulin
resistance require increasing levels of insulin to maintain normal
glucose levels and are likely to progress to type 2 diabetes
mellitus.[13] The IGT group consists of prediabetic patients. In
our study, we observed significantly higher blood glucose and
hyperinsulinemia in both T2DM and IGT patients compared
with the normal control group, indicating that disorder of glucose
metabolism occurred in the T2DM and prediabetic patients.
A common feature of type 2 diabetes is the dysregulation of

lipid metabolism. In our study, we found that diabetes mellitus
patients and prediabetic patients with IGT showed significantly
increasing amounts of fatty substances, CHOL, and TG with,
however, a dramatically decreasing amount of HDL compared
with normal control people. This indicates that the association of
IR and abnormal lipid metabolism occurred in T2DM and
prediabetic patients.
One effect of insulin resistance is enhanced glucose output from

the liver. In contrast, triglyceride synthesis and very-low-density
lipoproteins (VLDL) release are enhanced. The intracellular
accumulation of lipids triggers activation of novel protein kinases
C with subsequent impairments in insulin signaling. In the liver,
insulin normally stimulates glucose uptake, glucose oxidation, and
5

glycogen synthesis; suppresses gluconeogenesis; and stimulates
triglyceride synthesis and secretion viaVLDLs.[14] And conversely,
studies reported that reduction of free fatty acid (FFA) levels
represented a selective target for modulating insulin resistance.[15]

We also found that the levels of TT3, TT4, FT3, and FT4 in
T2DM and IGT patients were significantly higher than those in
normal control people. This indicated that disturbance of the
lipid metabolism status occurred in T2DM and IGT patients,
since the levels of TT3, TT4, FT3, and FT4 were in accordance
with lipid levels in patients.
Several groups of researchers have studied the association

between sex hormone and glucose metabolism. These studies
have divided subjects by genders, and showed that testosterone
was a protective factor for men while estradiol was a protective
factor for women in type 2 diabetic patients.[10] It has also been
reported that testosterone levels were lower in men with
metabolic syndrome and type 2 diabetes mellitus, and the report
also predicted the onset of this adverse metabolic status.[16]

Several animal models were used to investigate the mecha-
nism.[17] The study showed that SHBG gene polymorphisms
could be the cause of high risk factors in T2DM patients through
their impact on testosterone and estradiol levels.[14] A prospective
cohort study also demonstrated that higher levels of SHBG and
lower levels of cFT were risk factors in the main cause of
mortality in men with type 2 diabetes mellitus. This could be
influenced by the SHBG, which is the carrier protein of
testosterone.[18]

http://www.md-journal.com


Table 4

Multiple linear regressionanalysisshowedthat forwomen in IGTolder
than 40, HbA1c, ALT, and FT4 are significantly associated with IR.

Variables B SD t Sig

�10.799 2.171 �4.974
Waistline 0.003 0.018 0.174 0.862
Body fat percentage 0.047 0.053 0.880 0.379
HbA1c 1.370 0.190 7.213 0.000
LDL 0.833 0.634 1.312 0.190
TG 0.269 0.192 1.402 0.161
HDL 0.173 0.655 0.263 0.792
ALT 0.033 0.006 5.505 0.000
Progesterone 0.014 0.018 0.781 0.435
Testosterone �0.026 0.021 �1.222 0.222
Estradiol 0.000 0.001 �0.548 0.584
Follicle stimulating hormone �0.002 0.012 �0.175 0.861
TT4 0.012 0.011 1.117 0.264
FT4 �0.215 0.075 �2.856 0.004
TSH �0.032 0.039 �0.820 0.413
TGAb 0.000 0.001 �0.392 0.695
TPOAb �0.002 0.002 �1.163 0.245
BMI 0.160 0.091 1.764 0.078
Basal metabolic rate 0.000 0.002 0.217 0.828
Muscle mass 0.023 0.060 0.387 0.699
CHOL �0.868 0.630 �1.378 0.169
LH 0.000 0.023 0.013 0.990
Prolectin �0.009 0.011 �0.851 0.395
TT3 �0.235 0.722 �0.326 0.745
FT3 0.341 0.248 1.373 0.170

ALT= alanine aminotransferase, BMI=body mass index, CHOL= cholesterol, FT3= free triiodothyr-
onine 3, FT4= free thyroxine 4, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, LDL= low-
density lipoprotein, LH= luteinizing hormone, TG= triglyceride, TGAb= thyroglobulin antibody,
TPOAb= thyroid peroxidase antibody, TSH= thyroid-stimulating hormone, TT3= total triiodothyronine,
TT4= total tetraiodothyronine.

Table 5

Multiple linear regression analysis showed that for men in IGT
under 40, HbA1c, TG, and ALT are significantly associated with IR.

Variables B SD t Sig

�6.122 2.438 �2.511 0.013
BMI 0.069 0.113 0.613 0.541
Waistline 0.040 0.022 1.772 0.079
Body fat percentage 0.005 0.064 0.082 0.934
Muscle mass �0.027 0.081 �0.336 0.737
HbA1c 0.428 0.188 2.285 0.024
LDL 0.705 0.827 0.853 0.396
CHOL �0.659 0.825 �0.798 0.426
TG 0.678 0.267 2.540 0.012
HDl 0.501 0.872 0.575 0.566
ALT 0.020 0.008 2.621 0.010
LH 0.014 0.016 0.852 0.396
Progesterone 0.008 0.026 0.311 0.756
prolectin �0.007 0.011 �0.609 0.543
Testosterone �0.048 0.024 �1.977 0.050
Estradiol �0.001 0.000 �1.599 0.112
TT3 1.406 0.919 1.529 0.129
TT4 �0.010 0.013 �0.770 0.443
FT3 �0.079 0.377 �0.209 0.835
FT4 �0.022 0.093 �0.236 0.814
TSH �0.151 0.089 �1.698 0.092
TGAb �9.066E-005 0.000 �0.282 0.778
TPOAb 0.000 0.001 0.232 0.817
Basal metabolic rate 0.001 0.003 0.362 0.718
Follicle stimulating hormone �0.004 0.009 �0.384 0.701

ALT= alanine aminotransferase, BMI=body mass index, CHOL= cholesterol, FT3= free triiodothyr-
onine 3, FT4= free thyroxine 4, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, LDL= low-
density lipoprotein, LH= luteinizing hormone, TG= triglyceride, TGAb= thyroglobulin antibody,
TPOAb= thyroid peroxidase antibody, TSH= thyroid stimulating hormone, TT3= total triiodothyronine,
TT4= total tetraiodothyronine.

Table 6

Multiple linear regression analysis showed that for men in IGT
more than 40, BMI, HbA1c, LDL, CHOL, TG, ALT, progesterone,
TT4, and FT4 are significantly associated with IR.

Variables B SD t Sig

�11.223 1.582 �7.094 0.000
BMI 0.142 0.069 2.047 0.041
Waistline 0.000 0.014 0.025 0.980
Body fat percentage 0.056 0.039 1.412 0.158
Muscle mass 0.045 0.047 0.954 0.340
HbA1c 1.097 0.130 8.452 0.000
LDL 1.398 0.521 2.683 0.007
CHOL �1.495 0.526 �2.843 0.005
TG 0.555 0.175 3.170 0.002
HDl 0.592 0.543 1.089 0.276
ALT 0.014 0.005 2.805 0.005
LH �0.004 0.018 �0.217 0.828
Progesterone 0.024 0.011 2.081 0.038
prolectin �0.008 0.006 �1.431 0.153
Testosterone �0.009 0.015 �0.587 0.557
Estradiol 0.001 0.001 1.932 0.054
TT3 �0.293 0.287 �1.022 0.307
TT4 0.018 0.006 2.997 0.003
FT3 0.365 0.210 1.740 0.082
FT4 �0.178 0.051 �3.504 0.000
TSH 0.028 0.026 1.070 0.285
TGAb �0.001 0.000 �1.575 0.115
TPOAb �0.001 0.001 �0.810 0.418
Basal metabolic rate 0.001 0.002 0.357 0.721
Follicle stimulating hormone 0.006 0.009 0.617 0.537

ALT= alanine aminotransferase, BMI=body mass index, CHOL= cholesterol, FT3= free triiodothyr-
onine 3, FT4= free thyroxine 4, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, LDL= low-
density lipoprotein, LH= luteinizing hormone, TG= triglyceride, TGAb= thyroglobulin antibody,
TPOAb= thyroid peroxidase antibody, TSH= thyroid stimulating hormone, TT3= total triiodothyronine,
TT4= total tetraiodothyronine.
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Our results showed both progesterone and estradiol were
significantly decreased in T2DM and IGT patients, which is
consistent with the results in previous studies.[5,11] Meanwhile,
Baradaran et al[19] found an inverse correlation between serum
estradiol concentration and carotid atherosclerosis by using
ultrasonography to evaluate the intimamedia thickness (IMT) in
men with type 2 diabetes mellitus.
Whether hormone replacement therapy (HRT) could de-

crease the effects of insulin resistance? Different studies have
resulted in different conclusions. Fukui et al[20] showed that
estrogen and progesteron could decrease insulin sensitivity,
while studies from other groups showed that there was no
influence on the insulin sensitivity.[21,22] The population, type,
and route of administration of the hormone therapy, as well as
the method used for measuring insulin sensitivity, may explain
the controversial results of estrogen replacement on glucose
metabolism. Bitoska et al[23] studied 40 women in natural
menopause with type 2 diabetes. They showed that HRT can
decrease HOMA-IR, fasting plasma glucose (FPG), and
insulinemia in type 2 diabetes.[23] This indicates that HRT is
associated with a statistically significant increase of insulin
sensitivity. To better understand the association between sex
hormone, insulin resistance, and glucose homeostasis in
diabetic patients, larger clinical prospective trials would be
needed. The study of lipid-lowering, hypoglycemic drug
sensitivities of patients with different levels of sex hormones
could be a follow-up study.



Figure 3. Comparisons of HbA1c (A) and HOMA-IR (B) among 3 groups. HbA1c=hemoglobin A1c, HOMA-IR=homeostasis model assessment of insulin
resistance.

Figure 4. Comparisons of blood CHOL (A), TG (B), and HDL (C) levels among 3 groups. CHOL=cholesterol, HDL=high-density lipoprotein, TG= triglyceride.
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Figure 5. Comparisons of TT3 (A), TT4 (B), FT3 (C), and FT4 (D) levels among 3 groups. FT3= free triiodothyronine 3, FT4= free thyroxine 4, TT3= total
triiodothyronine 3, TT4= total thyroxine 4.

Figure 6. Comparisons of estradiol (A) and progesterone (B) levels among 3 groups.
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