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Objective: To explore the risk factors for nonalcoholic fatty liver disease (NAFLD) in postmenopausal women with type 2 diabetes
mellitus (T2DM) and the correlation with bone mineral density (BMD) in different areas of the body.
Methods: A total of 434 postmenopausal women with T2DM were enrolled and categorized as 198 patients in the NAFLD group and
236 patients in the non-NAFLD group based on color Doppler ultrasound of the liver. The BMD of the lumbar spine, femoral neck,
and total hip were measured by dual-energy X-ray absorptiometry.
Results: In postmenopausal women with T2DM, the prevalence of NAFLD was 45.6%. The body mass index (BMI), systolic blood
pressure (SBP), glycosylated hemoglobin (HbA1c), alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), triacylglycerol (TG), uric acid (UA), and homeostatic model assessment for insulin resistance
(HOMA-IR) C-peptide (CP) were significantly higher in the NAFLD group than in the non-NFALD group, and the duration of
diabetes, and high-density lipoprotein cholesterol (HDL-C) were lower than in the non-NAFLD group (P < 0.05). Logistic regression
analysis revealed that BMI (odds ratio [OR] = 1.303, 95% confidence interval [CI]: 1.152–1.346), HbA1c (OR = 1.263, 95% CI:
1.095–1.392), TG (OR = 1.263, 95% CI: 1.031–1.601), and SUA (OR = 1.005, 95% CI: 1.001–1.007) were correlated with NAFLD (P
< 0.05). The BMD of the total hip and femoral neck in the NAFLD group was higher than in the non-NAFLD group (P < 0.05).
Conclusion: Complicated NAFLD in postmenopausal women with T2DM is associated with weight gain, poor blood glucose control,
abnormal lipid metabolism, and elevated UA levels. In addition, the NAFLD group had higher femoral neck and total hip BMD than
the non-NAFLD group, suggesting NAFLD in postmenopausal women with T2DM may reduce the risk of osteoporosis.
Keywords: postmenopausal period, type 2 diabetes mellitus, nonalcoholic fatty liver disease, bone mineral density

Introduction
Non-alcoholic fatty liver disease (NAFLD) refers to the excessive deposition of fat in the liver caused by alcohol and
other definite factors of liver damage. This metabolic liver injury is closely related to insulin resistance (IR) and genetic
susceptibility, including nonalcoholic hepatic steatosis, nonalcoholic hepatitis, liver cirrhosis, and hepatocellular
carcinoma.1 Non-alcoholic fatty liver disease is a global epidemic, and its incidence is increasing annually. The
correlation between NAFLD and various diseases has been studied in depth. A study published recently on the
epidemiology of NAFLD in Asia revealed that in the general population on the Chinese mainland, its prevalence was
29.81%, while it was as high as 52.55% in patients with diabetes.2 The latest (2017) epidemiological survey of the
Chinese Center for Disease Control reported 116.4 million adult patients with diabetes in China; the prevalence was as
high as 10.9%, and the prevalence rate in women was 10.2%.3 Therefore, studying the factors of NAFLD associated with
T2DM to identify the related risk factors for intervention has become a focal point of medical research.
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As a component of metabolic syndrome, NAFLD is closely related to diabetes mellitus, lipid metabolism disorder,
and IR. Often, the abnormal metabolism of glucose and lipids is combined with systemic and metabolic bone disease.
Osteoporosis is a metabolic bone disease that increases bone fragility and makes bones prone to fracture by decreasing
bone mass and destroying the microstructure of bone tissue. In recent years, the correlation between NAFLD and
osteoporosis has attracted increasing research attention. A network of complex interactions exists between the liver and
bone. However, the correlation between NAFLD and osteoporosis remains unclear, and results from different studies are
inconsistent.4–7 In the current study, the correlation between NAFLD and osteoporosis is still unclear, and results from
different studies are inconsistent.4–7 Previous studies revealed that in patients with NAFLD, the bone mineral density
(BMD) of the lumbar spine, hip, and other areas decreased significantly. Accordingly, it was considered that NAFLD
could cause a reduction in both BMD and bone mass. This reduction is related to osteoporosis,4,5 of which postmeno-
pausal women are at increased risk.4 Conversely, a previous study revealed that patients with NAFLD had increased
BMD of the entire body, lumbar spine, and other areas.6,7

The prevalence of NAFLD is related closely to age, and its prevalence rate in postmenopausal women increases
significantly with age. A previous Chinese study revealed the incidence rates of NAFLD in women aged <45 years,
women aged between 45–55 years, and women aged >55 years to be 5.3%, 18.8%, and 27.8%, respectively.8 Another
study in Hong Kong revealed that in the baseline NAFLD-free population, the prevalence of NAFLD during a 34–60-
month observation period was 3.6% in women aged <40 years and 12.7% in women >40 years.9 The same results were
reported in a large-sample cross-sectional study in South Korea.10

Being a postmenopausal woman and having type 2 diabetes mellitus (T2DM) are risk factors for osteoporosis and
osteoporotic fractures.11,12 However, few studies exist on NAFLD and its correlation with BMD in postmenopausal
women with T2DM. Therefore, the present study investigated the risk factors for NAFLD by analyzing the prevalence
and clinical data of NAFLD and osteoporosis in 434 postmenopausal women with T2DM.

Materials and Methods
General Data
A total of 434 patients who were hospitalized at the Department of Endocrinology of the Second Hospital of Anhui
Medical University from January 2016 to December 2018 were enrolled in this study. The inclusion criteria were (1)
patients with T2DM, (2) postmenopausal women aged 46–87 years, and (3) a 0–36-year duration of diabetes. The
exclusion criteria were (1) patients with severe diabetic acute complications, (2) those who were long-term heavy
drinkers (≥70 g/W), (3) those with viral hepatitis, drug-induced liver disease, or autoimmune liver disease, (4) those with
thyroid, parathyroid, or other endocrine diseases, (5) those with diseases affecting bone metabolism or the long-term use
of glucocorticoids or other drugs affecting bone metabolism, and (6) patients with severe systemic diseases who were
bedridden long term. All the included patients underwent abdominal color Doppler ultrasonography at our hospital and
were assigned to either the NAFLD (198 cases, 45.6%) or non-NAFLD (236 cases, 54.4%) group. The baseline data and
the examination results of biochemical indicators were collected simultaneously.

Diagnostic Criteria
(1) The diagnosis of T2DM was made according to the criteria recommended by the American Diabetes Association in
2010.13 (2) The diagnosis of NAFLD was made according to the Clinical Diagnostic Criteria of the 2017 Asia–Pacific
Guidelines for Nonalcoholic Fatty Liver.14 (3) Osteoporosis was diagnosed according to the diagnostic criteria of the
World Health Organization.15 Dual-energy X-ray absorptiometry (DEXA) was used to measure BMD. Normal bone mass
is the ratio of BMD to healthy sex-matched peak bone mass greater than a standard deviation (SD) of 1, ie, a t-value >
−1.0 SD, osteopenia: –2.5 SD < t-value ≤ –1.0 SD, and osteoporosis: t-value ≤ –2.5 SD. (4) Coronary heart disease
(CHD) was diagnosed according to the American Heart Association (AHA)/American College of Cardiology guidelines
for CHD.16 (5) Hypertension was diagnosed according to the 2018 European Guidelines for Hypertension Management
criteria.17 (6) Stroke was diagnosed according to the criteria of the AHA/ASA.18 (7) Finally, hyperuricemia was
diagnosed according to the diagnostic criterion of blood uric acid (UA) levels > 7 mg/dl.19
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This study was reviewed and approved by the Medical Research Ethics Committee of the Second Hospital of Anhui
Medical University.

Research Methods
General Data Measurement
The height, weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP) of all subjects were measured, and
each subject’s body mass index (BMI) was calculated as BMI = weight (kg)m/height2 (m2). The age and course of T2DM
were recorded.

Determination of Biochemical Indices
All subjects fasted for 12 hours, and their fasting venous blood samples were collected during the morning of the
following day. Fasting blood glucose (FPG) measurements were obtained using a Beckman AU5831 automatic bio-
chemical analyzer (Beckman Coulter, USA). Alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), triacylglycerol (TG), total cholesterol (TCH), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), creatinine (Cr), UA, blood
calcium, and blood phosphorus were all measured. The patients’ 2-hour postprandial blood glucose (2hPG) levels
were determined from blood drawn intravenously 2 hours after a meal. Glycosylated hemoglobin (HbA1c) was detected
using an ARKRAY HA-8180 glycosylated hemoglobin analyzer (ARKRAY, Japan). The fasting C-peptide (FCP) level
was detected using a Roche E601 electrochemiluminescence analyzer (Roche, Switzerland). Random urine was col-
lected, and the urine albumin–Cr ratio (uACR) was measured using a Siemens BN-II specific protein analyzer (Siemens,
Germany). The estimated glomerular filtration rate (eGFR) was assessed using the modified and simplified Modification
of Diet in Renal Disease formula for China: eGFR = 175 × (SCr)–1.234 × (age)–0.179 × (0.79 female). Because most of the
study subjects had received insulin treatment, FCP and C-peptide levels were used instead of the modified insulin
homeostatic model assessment (HOMA) formula to evaluate and calculate the IR index: HOMA for IR (HOMA-IR) (CP)
= 1.5 + FPG (mmol/L) × FCP (pmol/L)/2800.

Bone Mineral Density Measurement
The BMD of the lumbar spine 1–4 (L1–4), the femoral neck of the left hip, and the total hip were measured in all study
subjects using a Lunar Prodigy DEXA (GE, USA) instrument.

Statistical Processing
This study was conducted as a cross-sectional observational study. Its sample size estimation formula is presented in Eq.
(1) below:

n ¼
Z1� α=2

δ

� �2

� p� 1 � pð Þ

where Z 1 − α/2 = 1.96, δ represents the allowable error (0.05), and p represents the predicted prevalence. According to the
literature review, the predicted prevalence of NAFLD in postmenopausal women with diabetes is 40%. Therefore, the
sample size was calculated as n = (1.96/0.05)2 * 0.4 * (1–0.4) = 368. To reduce the influence of sampling errors on the
results, a total of 434 subjects were recruited.

Data were statistically analyzed using SPSS 22.0 software (IBM). Measurement data that conformed to a normal
distribution were expressed as mean ± SD, and the difference between the two groups was analyzed using an
independent-sample t-test. Measurement data that did not conform to a normal distribution were expressed by the
medium (P25 - P75), and the comparison between the groups was analyzed using Wilcoxon’s rank - sum test. The
correlation between BMD and the variables was analyzed using Pearson’s correlation test, and count data were compared
using the Chi-squared test. The significant variables in the univariate analysis were included in the regression model, and
a multivariate analysis was conducted using binary logistic regression. The inspection level was set at α = 0.05. A value
of P < 0.05 was considered statistically significant.
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Results
Comparison of General Data and Biochemical Indices Between the Two Groups
The measurements for BMI, SBP, HbA1c, ALT, AST, GGT, TG, UA, and HOMA-IR (CP) were significantly higher in
the NAFLD group than in the non-NFALD group, and the duration of diabetes and HDL-C were both lower than in the
non-NAFLD group (P < 0.05, Table 1).

Logistic Regression Analysis of Related Factors for Nonalcoholic Fatty Liver Disease in
Postmenopausal Women with Type 2 Diabetes Mellitus
The regression model was established using NAFLD as the dependent variable; the independent variables were age,
duration of diabetes, SBP, DBP, BMI, FPG, 2hPG, HbA1c, ALT, AST, GGT, TG, TCH, LDL-C, HDL-C, SCr, SUA,
ALP, blood calcium, blood phosphorus, uACR, eGFR, and HOMA-IR (CP). The results revealed that in the postmeno-
pausal women with T2DM, the duration of diabetes, SBP, BMI, HbA1c, ALT, GGT, TG, HDL-C, SUA, and HOMA-IR
(CP) was correlated with NAFLD (P < 0.05, Table 2). The indicators with statistical significance in the univariate
analysis were included in the regression as independent variables to establish the binary logistic regression model using
the enter method. The logistic regression analysis revealed that in the postmenopausal women with T2DM, the
measurements for BMI (odds ratio [OR] = 1.303, 95% confidence interval [CI]: 1.152–1.346), HbA1c (OR = 1.263,
95% CI: 1.095–1.392), TG (OR = 1.263, 95% CI: 1.031–1.601), and SUA (OR = 1.005, 95% CI: 1.001–1.007) were
correlated with NAFLD (P < 0.05, Table 3).

Table 1 Comparison of General Data and Biochemical Indexes Between the Two Groups

Index Non NAFLD Group NAFLD Group P

Age (years) 63.29±8.93 63.17±9.37 0.895

Course of disease (years) 10 (5, 15) 8 (2, 12) 0.001

SBP (mmHg) 132.49±20.58 140.64±48.50 0.020
DBP (mmHg) 76.68±11.13 78.14±12.86 0.098

BMI (kg/m2) 23.64±3.48 26.40±3.79 <0.001

FBS (mmol/L) 8.64±3.62 9.12±3.12 0.148
2hPG (mmol/L) 17.90±5.48 17.89±4.96 0.978

HbA1c (%) 8.45±2.13 9.05±1.90 0.003

ALT (U/L) 20 (17, 27) 27 (20, 38.75) <0.001
AST (U/L) 23 (20, 27) 25 (21.75, 35.25) <0.001

GGT (U/L) 22 (16, 32) 31 (21, 48) <0.001

TG (mmol/L) 1.32 (1.01, 1.95) 1.81 (1.3, 2.6) <0.001
TCH (mmol/L) 4.72 (4.01, 5.51) 4.87 (4.21, 5.61) 0.096

LDL-C (mmol/L) 3.00±0.89 3.11±0.86 0.213

HDL-C (mmol/L) 1.28±0.6 1.11±0.4 0.004
Cr (umol/L) 62 (50.25, 76) 61 (50, 76.75) 0.328

UA (umol/L) 268.92±94.76 310.02±102.51 <0.001

ALP (U/L) 89 (70, 109) 97 (78, 114) 0.221
Calcium (mmol/L) 2.25±0.17 2.31±0.39 0.064

Phosphorus (mmol/L) 1.23±0.21 1.24±0.18 0.459

uACR (mg/g) 18.2 (4.55, 29.77) 19.47 (5.45, 28.89) 0.597
eGFR [mL/ (min.1.73m2)] 104.4±49.35 110.18±47.67 0.243

HOMA-IR (CP) 3.70±1.88 4.10±1.47 0.031

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting
blood glucose; 2hPG, 2-hour postprandial blood glucose; HbA1c, glycosylated hemoglobin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; TG, triacylglycerol; TCH, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creati-
nine; UA, uric acid; ALP, alkaline phosphatase; uACR, urine albumin-creatinine ratio; eGFR, estimated glomerular
filtration rate; HOMA-IR, homeostatic model assessment for insulin resistance; CP, C-peptide.
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Table 2 Univariate Logistic Regression Analysis of Related Factors for NAFLD in
Postmenopausal Women with T2DM

Index P OR 95% CI

Lower Limit Upper Limit

Age (years) 0.927 1.001 0.979 1.023
Course of disease (years) 0.018 0.965 0.938 0.994

SBP (mmHg) 0.012 1.012 1.003 1.021

DBP (mmHg) 0.098 1.014 0.997 1.031
BMI (kg/m2) 0.000 1.253 1.171 1.341

FBS (mmol/L) 0.150 1.042 0.985 1.103

2hPG (mmol/L) 0.992 1.000 0.961 1.041
HbA1c (%) 0.003 1.155 1.049 1.272

ALT (U/L) 0.000 1.020 1.010 1.031

AST (U/L) 0.067 1.010 0.999 1.020
GGT (U/L) 0.005 1.011 1.003 1.019

TG (mmol/L) 0.000 1.593 1.313 1.933

TCH (mmol/L) 0.871 1.009 0.906 1.123
LDL-C (mmol/L) 0.214 1.165 0.916 1.481

HDL-C (mmol/L) 0.006 0.383 0.193 0.757

Cr (umol/L) 0.137 0.995 0.989 1.002
UA (umol/L) 0.000 1.004 1.002 1.006

ALP (U/L) 0.216 1.003 0.998 1.007

Calcium (mmol/L) 0.583 0.985 0.932 1.040
Phosphorus (mmol/L) 0.456 1.476 0.530 4.110

uACR (mg/g) 0.138 0.998 0.995 1.001

eGFR [mL/(min.1.73m2)] 0.252 1.002 0.998 1.007
HOMA-IR (CP) 0.024 1.171 1.021 1.344

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting blood
glucose; 2hPG, 2-hour postprandial blood glucose; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; ALP, alkaline
phosphatase; uACR, urine albumin-creatinine ratio; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostatic
model assessment for insulin resistance; CP, C-peptide.

Table 3 Multivariate Logistic Regression Analysis of Related Factors for NAFLD in
Postmenopausal Women with T2DM

Index P OR 95% CI

Lower Limit Upper Limit

Course of disease (years) 0.198 0.982 0.953 1.041
SBP (mmHg) 0.163 1.009 0.994 1.016

BMI (kg/m2) <0.001 1.303 1.152 1.346
HbA1c (%) 0.001 1.263 1.095 1.392

ALT (U/L) 0.107 1.010 0.996 1.021

GGT (U/L) 0.161 1.007 0.997 1.013
TG (mmol/L) 0.012 1.263 1.031 1.601

HDL-C (mmol/L) 0.145 0.617 0.306 1.321

UA (umol/L) 0.008 1.005 1.001 1.007
HOMA-IR (CP) 0.678 0.978 0.812 1.175

Abbreviations: SBP, systolic blood pressure; BMI, body mass index; HbA1c, glycosylated hemoglobin; ALT, alanine
aminotransferase; GGT, gamma-glutamyl transpeptidase; TG, triacylglycerol; HDL-C, high-density lipoprotein cho-
lesterol; UA, uric acid; HOMA-IR, homeostatic model assessment for insulin resistance; CP, C-peptide.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S364804

DovePress
1929

Dovepress Du et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Comparison of the Prevalence of Chronic Complications of Diabetes Mellitus
Between the Two Groups
The prevalence of diabetic peripheral vascular disease in the NAFLD group was higher than in the non-NAFLD group (P
< 0.05). There were no significant differences in the prevalence of diabetic retinopathy, diabetic nephropathy, and
diabetic neuropathy between the two groups (P > 0.05). The prevalence of hypertension and hyperuricemia in the
NAFLD group was higher than in the non-NAFLD group (P < 0.05). The prevalence of CHD and stroke in the NAFLD
group was higher than in the non-NAFLD group, and the differences were not statistically significant (P > 0.05, Table 4).

Comparison of the Prevalence of Osteoporosis Between the Two Groups
The prevalence of osteoporosis in the NAFLD group was lower than in the non-NAFLD group, and the difference was
not statistically significant (P > 0.05, Table 5).

Comparison of Bone Mineral Density in Different Areas Between the Two Groups
The BMD of the total hip and femoral neck in the NAFLD group was higher than in the non-NAFLD group (P < 0.05).
The difference in the BMD of L1–4 between the two groups was not statistically significant (Table 5).

Correlation of Bone Mineral Density in Postmenopausal Women with Type 2 Diabetes
Mellitus and Nonalcoholic Fatty Liver Disease
In the postmenopausal women with T2DM complicated with NAFLD, the lumbar BMD was negatively correlated with
age and positively correlated with BMI. The BMD of the femoral neck was negatively correlated with age and disease
course. The BMD of the total hip was positively correlated with HDL (P < 0.05), as shown in Table 6.

Table 4 Comparison of Prevalence of Chronic Complications and Comorbidities of Diabetes
Mellitus Between Two Groups [n(%)]

Item Non NAFLD Group (n=236) NAFLD Group (n=198) P

Diabetic retinopathy 93 (39.4) 61 (30.8) 0.062

Diabetic nephropathy 38 (16.1) 31 (15.7) 0.899

Diabetic peripheral vascular disease 189 (80.1) 173 (87.4) 0.042
Diabetic neuropathy 164 (69.5) 132 (66.7) 0.529

Hypertension 100 (42.4) 113 (57.1) 0.002

Coronary heart disease 18 (7.6) 20 (10.1) 0.364
Stroke 26 (11.0) 28 (14.1) 0.326

Hyperuricemia 12 (5.1) 24 (12.1) 0.006

Table 5 Comparison of the Prevalence of Osteoporosis [n(%)] and Bone Mineral Density in
Different Parts Between the Two Groups

Non NAFLD Group (n=236) NAFLD Group (n=198) P

Osteoporosis 42 (17.8) 29 (14.6) 0.377
Osteopenia 98 (41.5) 81 (40.9) 0.897

Normal bone mass 96 (40.7) 88 (44.4) 0.429

BMD of Lumbar L1-4 0.99±0.18 1.01±0.19 0.285
BMD of Femoral neck 0.81±0.15 0.84±0.15 0.038

BMD of Total hip 0.85±0.16 0.93±0.28 0.001
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Discussion
This study aimed to explore the risk factors for NAFLD and the association with BMD in the specific population of
postmenopausal women with diabetes. The results revealed that the prevalence of NAFLD in the postmenopausal women
with T2DM studied was 45.6%. In the postmenopausal patients with T2DM, NAFLD was closely related to being
overweight or obese and having poor blood glucose control, lipid metabolism disorder, and hyperuricemia.
Postmenopausal women with T2DM and NAFLD have a higher prevalence of diabetic peripheral vascular disease,
hypertension, and hyperuricemia.

The prevalence of osteoporosis in the postmenopausal women with T2DM was 16.4% (14.6% and 17.8% in the NAFLD
and non-NAFLD groups, respectively). Although there was no significant difference in the prevalence of osteoporosis
between the two groups, the BMD of the total hip and femoral neck in the NAFLD group was higher than in the non-NAFLD
group, indicating that NAFLD in postmenopausal women with T2DM may reduce the risk of osteoporosis.

Nonalcoholic fatty liver disease and the components of metabolic syndromes, such as obesity, T2DM, hypertension,
and dyslipidemia, are both the cause and effect of each other. Metabolic syndrome in the liver is embodied by NAFLD,
and IR forms the basis for the common pathogenesis of various metabolic syndromes and NAFLD.20,21 A prospective
study involving 500,000 Chinese adults revealed that the prevalence of NAFLD in patients with diabetes was higher than
in patients without diabetes.22 A Swedish study involving more than 1.2 million young males aged 17–19 with an
average follow-up of 28.5 years revealed that being overweight or obese in youth increased the risk of severe liver

Table 6 Correlation of BMD in Postmenopausal T2DM Women Complicated with NAFLD

Index BMD of Lumbar Spine BMD of Femoral Neck BMD of Total Hip

r P r P r P

Age (years) −0.253 0.001 −0.406 <0.001 −0.082 0.275

Course of disease (years) −0.016 0.835 −0.234 0.001 −0.137 0.068
SBP (mmHg) −0.021 0.779 −0.060 0.420 0.030 0.688

DBP (mmHg) 0.138 0.062 0.079 0.287 0.043 0.568

BMI (kg/m2) 0.201 0.010 0.120 0.124 −0.006 0.944
FBS (mmol/L) −0.010 0.891 −0.067 0.373 −0.116 0.125

2hPG (mmol/L) −0.026 0.753 −0.071 0.381 −0.149 0.067

HbA1c (%) 0.009 0.911 0.097 0.201 −0.094 0.221
ALT (U/L) 0.033 0.675 0.106 0.175 0.008 0.915

AST (U/L) 0.044 0.579 0.071 0.366 0.013 0.871

GGT (U/L) −0.078 0.323 0.030 0.705 −0.050 0.531
TG (mmol/L) 0.053 0.296 0.074 0.150 0.036 0.487

TCH (mmol/L) 0.095 0.216 0.087 0.261 0.041 0.600

LDL-C (mmol/L) 0.090 0.275 0.085 0.299 −0.084 0.308
HDL-C (mmol/L) 0.008 0.923 −0.031 0.706 0.254 0.002

Cr (umol/L) −0.047 0.553 −0.097 0.216 −0.127 0.109

UA (umol/L) 0.007 0.934 0.008 0.918 0.053 0.508
ALP (U/L) −0.101 0.206 −0.086 0.278 −0.070 0.381

Calcium (mmol/L) 0.011 0.885 −0.022 0.776 −0.044 0.579

Phosphorus (mmol/L) −0.047 0.552 0.023 0.766 −0.018 0.821
uACR (mg/g) −0.043 0.579 −0.108 0.158 −0.064 0.411

eGFR [mL/ (min.1.73m2)] −0.043 0.589 0.064 0.421 0.067 0.398

HOMA-IR (CP) 0.083 0.309 −0.059 0.472 −0.026 0.750

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting blood glucose; 2hPG,
2-hour postprandial blood glucose; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamyl transpeptidase; TG, triacylglycerol; TCH, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; ALP, alkaline phosphatase; uACR, urine albumin-creatinine ratio; eGFR,
estimated glomerular filtration rate; HOMA-IR, homeostatic model assessment for insulin resistance; CP, C-peptide.
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disease. Males with both obesity and diabetes had higher risks for severe liver disease than those without diabetes,
indicating that diabetes and obesity promote severe liver disease.23

Ma et al revealed that increased HbA1c was independently related to the occurrence of NAFLD in Chinese people
aged >65 years.24 Another 3-year study revealed that elevated HbA1c levels had predictive values for the risk of
NAFLD.25

Hypertriglyceridemia and low HDL-C are typical manifestations of lipid metabolism disorder during IR. The analysis
of a study involving 8.5 million patients with NAFLD from 22 countries revealed that 69.16% had hyperlipidemia.26

Another study revealed that high UA levels could promote fat synthesis and deposition via multiple pathways, leading
to NAFLD. A study involving 6043 women revealed the blood UA levels in patients with NAFLD to be higher than in
those without NAFLD irrespective of whether the patients were premenopausal, perimenopausal, or postmenopausal.27

A previous study by the current author revealed the incidence of NAFLD to be relatively higher in postmenopausal
women with T2DM and hyperuricemia.28

Nonalcoholic fatty liver disease is a common cause of liver function injury. A study involving 3739 postmenopausal
women in South Korea revealed that the ALT and GGT serum levels in patients with NAFLD were higher than in those
without NAFLD.29 In this study, similar results were observed in postmenopausal women with T2DM.

Other research confirmed that NAFLD could predict cardiovascular disease.30 Cardiovascular risk is further
increased in patients with T2DM and NAFLD.31 Patients with NAFLD have an increased risk of noncalcified plaques,
which are a predisposition to ischemic heart disease.32 In this study, it was observed in postmenopausal women with
T2DM and NAFLD that the prevalence of diabetic peripheral vascular disease and hypertension was increased, and
there was an increasing trend in the prevalence of CHD and stroke, although the differences were not statistically
significant.

The bones and the liver are active endocrine organs with a variety of metabolic functions, and T2DM, NAFLD, and
osteoporosis are metabolic diseases with a potentially common pathological mechanism. However, existing studies have
not clarified the relationship between NAFLD and osteoporosis, and the underlying mechanism is complicated and
unknown. The results of a study in South Korea revealed that NAFLD might be an independent risk factor for reducing
BMD in postmenopausal women,29 which is different to the results of the present study. However, in the above-
mentioned study subjects were younger (54.4–54.9 years vs 63.17–63.29 years) and their BMI was lower (22.4–24.1
vs 23.64–26.40) than in the present study. In another investigation of postmenopausal women in South Korea, the age
(62.764–62.933 years) and BMI (22.877–25.339) of the study subjects were similar to those in the present study, and the
results revealed that NAFLD was positively correlated with lumbar BMD.6 A study in India with lower ages (37.1–38.2
years), higher BMI (26.8–28.1), and male subjects accounting for 71% revealed that the systemic BMD of patients with
NAFLD was higher than in those without the disease;7 these results were similar to those obtained in the present study.
The differences between these studies may be related to the effects of gender, age, and BMI.

Furthermore, the degree of liver injury in NAFLD may have different effects on BDM. A recent Chinese study
revealed that liver biopsy or 1H-MRS-proven NAFLD-associated hepatic fibrosis was independently associated with
decreased BMD in postmenopausal women with T2DM.33 Although the underlying mechanism is unknown, it could be
related to circulating molecules and chronic inflammation, IR, TNF-α, and vitamin D deficiency.

This study has the following limitations. First, it was a cross-sectional study. Therefore, the causal relationship
between the related factors and NAFLD could not be clarified. Second, possibly due to the limitation of the sample size,
we observed that the BMD of the femoral neck and total hip in the postmenopausal women with T2DM in the NAFLD
group was higher than in the non-NAFLD group, although there was no significant difference in the prevalence of
osteoporosis between the two groups. Third, the subjects in the present study were postmenopausal women with T2DM,
but their estrogen levels were not measured. Finally, this study did not consider the use of anti-diabetic drugs, which
might be associated with bodyweight gains or losses that could confound the results. Accordingly, further subgroup
analysis is required.
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Conclusion
In summary, complicated NAFLD in postmenopausal women with T2DM was associated with weight gain, poor blood
glucose control, abnormal lipid metabolism, and elevated UA levels. Additionally, the BMD of the femoral neck and total
hip in the NAFLD group was higher than in the non-NAFLD group, indicating that NAFLD in postmenopausal women
with T2DM may reduce the risk of osteoporosis. The precise association and mechanism require further exploration in
different ethnic groups.
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