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Background: To explore the relationship between insulin resistance and osteoporosis risk in
Chinese patients with type 2 diabetes mellitus (T2DM).

Methods: A total of 234 T2DM patients were retrospectively analyzed, and their lumbar
bone mineral density (BMD) and insulin resistance using C-peptide-based homeostasis
model of insulin resistance [HOMA-IR (CP)] were assessed. Univariate and multivariable
logistic regression methods were used to evaluate the association between HOMA-IR (CP)
and osteoporosis, and subgroup analysis was performed on female and male patients.
Results: After fully adjusting the covariates, the association between HOMA-IR (CP) and
osteoporosis was only significant in female patients (P = 0.022); the interaction effect with
gender was significant (P for interaction <0.05). Curve fitting showed that the relationship
between HOMA-IR (CP) and osteoporosis in women was nonlinear. When HOMA-IR (CP)
is <4.00, its effect on osteoporosis was not significant (P = 0.474); when HOMA-IR (CP) is
>4.00, the risk of osteoporosis increased significantly, with OR = 26.88 (95% CI: 2.75—
262.69, P = 0.005). The relationship between insulin resistance and osteoporosis risk in
T2DM patients is significantly affected by gender.

Conclusion: The higher the degree of insulin resistance in female patients, the greater the
risk of osteoporosis, but the two are not linearly associated.

Keywords: type 2 diabetes mellitus, insulin resistance, osteoporosis, bone mineral density,
homeostasis model assessment for insulin resistance

Introduction

Type 2 diabetes mellitus (T2DM) and osteoporosis are common chronic diseases,
and the relationship between the two is becoming a hot research topic.' Previous
studies have shown that although bone mineral density (BMD) is normal or
elevated,” T2DM patients increase the risk of fractures compared with non-
diabetic patients.* ® T2DM can influence bone metabolism by affecting osteoblasts
and osteoclasts, and the imbalance between the two may lead to osteoporosis.” It
has been confirmed that there are insulin receptors on the surface of both cells,® and
insulin signaling can regulate the bone formation of osteoblasts and bone resorption
of osteoclasts.” In vitro, it has been shown that the physiological concentration of
insulin can increase the proliferation rate of osteoblasts, collagen synthesis, alkaline
phosphatase production, and glucose uptake and inhibit osteoclast activity.'® Thus,
insulin is an anabolic agent for bone formation, and elevated insulin levels may
increase bone density.'""'? It has been widely accepted that insulin resistance is the
main problem of T2DM metabolic disorders. It is caused by the defect in the insulin
signaling pathway that reduces the cellular insulin response; pancreatic B cells
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overcome the reduced sensitivity by enhancing insulin

secretion, 9,13

thereby developing hyperinsulinemia.
Hyperinsulinemia can also negatively affect sex hormone-
binding globulin to increase free sex hormone levels, pre-
venting bone loss.'"'*

However, more and more studies have shown

a negative association between insulin resistance and

bone mineral density,'""'>!¢

indicating that insulin resis-
tance in T2DM patients may weaken the physiological
effects of insulin on bones.' Therefore, the relationship
between insulin resistance and osteoporosis is still contro-
versial. To address this question, in this study, we used a C
peptide to evaluate insulin resistance based on the mod-
ified insulin resistance homeostasis model (HOMA-IR)
and explored the relationship between HOMA-IR (CP)
and the risk of osteoporosis in different gender groups of

T2DM patients.

Materials and Methods

Clinical Data

This was a cross-sectional study. We selected 575 T2DM
patients from the outpatient department of Endocrinology
and Metabolism at our hospital from February 2016 to
August 2018. This study was conducted in accordance
with the Declaration of Helsinki and was approved by
the Institutional Ethics Committee of the Third Affiliated
Hospital of Soochow University for retrospective analysis
(ethics number: 2014-KD-79). The sample size calcula-
tion used the method of computer simulation inspection
efficiency (see Supplementary Material-Computer simula

tion inspection efficiency). Since the patients were anon-

ymous, informed consent was not required. Inclusion
criteria: T2DM was defined as: fasting blood glucose
level > 7.0 mmol/l, 2 hours postprandial or random
blood glucose level > 11.1 mmol/l, glycosylated hemo-
globin (HbAlc) > 6.5%. Record the patient’s use of
T2DM treatment drugs. The following patient populations
were excluded: (1) patients using hormone replacement
therapy, bisphosphonates, glucocorticoids, proton pump
inhibitors, etc. (14 cases); (2) patients with missing bone
density results (311 cases); (3) patients under 18 years old
(1 case); (4) patients with missing HOMA-IR (CP) (15
cases). The research flow chart is shown in Figure 1.
Among the 250 patients with available BMD data and
the 311 patients with missing BMD data, almost all clin-
ical factors were similar (all P > 0.05) (see Supplementary
Table S1).

Detection Method

The general data of the patient was recorded, including
menopause information. The height, weight, waist circum-
ference, and hip circumference of patients were measured,
and the body mass index (BMI) and waist-to-hip ratio
were calculated. The fasting venous blood was collected,
and the fasting blood glucose, uric acid, and blood lipid
levels were measured using an automatic biochemical
analyzer (Beckman Coulter AUS800, Brea, CA, USA).
Fasting C peptide was determined by electrochemilumi-
nescence immunoassay (Roche Cobas8000, Indianapolis,
IN, USA). HbAlc was measured by high-performance
liquid chromatography (D-10 system, Bio-Rad, USA).

Instead of insulin, fasting C-peptide was used to eval-
uate insulin resistance and islet function according to
a modified formula. The modified HOMA-IR [HOMA-
IR (CP)] formula = 1.5 + fasting blood glucose (mmol/L)
x  fasting C-peptide (pmol/L)/2800. The modified
HOMA-islet [HOMA-islet (CP-DM)] formula = 0.27 x
fasting C-peptide (pmol/L)/[fasting blood glucose (mmol/
L) - 3.5]."

The dual-energy X-ray absorptiometry (DXA, Hologic,
Discovery-WI, USA) was used to determine the bone
density of the Iumbar spine (L1-L4) (unit: g/cmz).
Trained and certified technicians performed all DXA
scans. The diagnosis of osteopenia and osteoporosis was
based on the T score of the World Health Organization (the
T value was the standard deviation between the patient
BMD and the BMD of the young adult reference popula-
tion). —2.5 < T value < —1.0 was defined as osteopenia,
T value < —2.5 was defined as osteoporosis.'®

Statistical Analysis

Data were expressed as mean + standard deviation (SD)
(Gaussian distribution) or median (Q1-Q3) (Skewed dis-
tribution) for continuous variables and as numbers or
percentages for categorical variables. To examine the asso-
ciation between HOMA-IR (CP) and osteoporosis risk, we
constructed three distinct models using univariate and
multivariable binary logistic regression models, including
non-adjusted model, minimally-adjusted model (Adjust 1),
and fully-adjusted model (Adjust II). Covariates were
included as potential confounders in the final models if
they changed the estimation of HOMA-IR (CP) on osteo-
porosis by more than 10% or significantly associated with
osteoporosis (P < 0.10). The subgroup analyses were per-
formed using a stratified binary logistic regression model.
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Figure | Flowchart of the study.

The effect sizes with 95% confidence intervals were
recorded. To investigate the nonlinear relationship
between HOMA-IR (CP) and osteoporosis risk, we used
a generalized additive model and smooth curve fitting
(penalized spline method) to address nonlinearity.
Moreover, the two-piecewise binary logistic regression
model was used to explain the nonlinearity further.
Modeling was performed with the statistical software

R (http://www.R-project.org, The R Foundation) and

EmpowerStats (http://www. empowerstats.com, X&Y
Solutions, Inc, Boston, MA). P < 0.05 (two-sided) was
considered statistically significant.

Results

A total of 234 T2DM patients were included in the study,
with 139 males and 95 females, aged 57.5 + 10.8 years old
(range: 23-83 years old). Among them, 112 cases were first
diagnosed (no hypoglycemic drugs were used), 122 cases
were controlled by drugs (including 55 metformin, 37 acar-
bose, 24 sulfonylureas, 12 insulin, and 5 thiazolidinediones,

new hypoglycemic drugs [including glucagon-like peptide-
1 (GLP-1) receptor agonists, dipeptidyl peptidase-4 (DPP-4)
inhibitors, sodium-glucose cotransporter-2 (SGLT-2) inhibi-
tors] 2 cases, some patients have combined medication).
The results of BMD measurement showed that there were
82 cases (35.0%) with normal bone mass, 118 cases
(50.4%) with osteopenia, and 34 cases (14.5%) with osteo-
porosis. The general information and blood indicators of
different gender groups are shown in Table 1.

Compared with male T2DM patients, female patients
were older (P = 0.047) and had longer disease course (P =
0.013), and have a higher proportion of drug control (P =
0.012); but their BMI, waist-to-hip ratio, fasting blood
glucose, fasting C-peptide, HOMA-IR (CP), HOMA-islet
(CP-DM), and HbAlc were not significantly different (all
P > 0.05). The osteoporosis percentage in female patients
was slightly higher than that in male patients (15.8% vs
13.7%), but the difference was insignificant (P = 0.651).

The univariate logistic regression analysis was per-
formed by taking osteoporosis as the dependent variable
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Table | Comparison of General Information and Blood Indicators of Different Gender Groups

Total Female Male P-value

N 234 95 139

Age 575+ 10.8 59.2 + 109 564 + 10.6 0.047
Menopause e 81 (85.3%) —_— e
BMI (kg/m?) 249 £ 3.9 25.1 + 44 248 £ 3.5 0.613
Waist-to-hip ratio 0.93 £ 0.06 0.93 £ 0.06 0.93 £ 0.06 0.808
Disease course (years) 7.0 (2.0-10.0) 10.0 (2.0-14.0) 5.5 (2.0-10.0) 0.013
Drug control 122 (52.1%) 59 (62.1%) 63 (45.3%) 0.012
Fasting blood-glucose (mmol/L) 8.67 + 233 871 £235 8.64 + 2.32 0.835
Fasting C-peptide (pmol/L) 1.73 (1.16-2.39) 1.64 (1.14-2.40) 1.74 (1.18-2.29) 0.531
HOMA-IR (CP) 3.50 + 1.31 341 % 111 357 + 143 0.358
HOMA-islet (CP-DM) 32.50 (19.65-58.56) 32.06 (19.15-58.25) 33.69 (20.02-59.16) 0.295
HbAlc (%) 9.64 £ 2.14 9.69 +2.19 9.61 £2.12 0.789
Uric acid (umol/L) 304.63 + 92.86 287.66 + 96.68 316.24 + 88.65 0.023
Total cholesterol (mmol/L) 4.66 = 1.14 4.85 £ 1.07 453 £ 1.17 0.038
Triacylglycerol (mmol/L) 1.86 (1.34-2.86) 2.01 (1.43-2.86) 1.81 (1.30-2.79) 0.628
High-density lipoprotein (mmol/L) 1.02 £ 0.26 1.08 + 0.25 0.98 + 0.25 0.005
Low-density lipoprotein (mmol/L) 2.47 + 0.8 2.65 + 0.79 2.35 + 0.80 0.006
Osteoporosis 34 (14.5%) 15 (15.8%) 19 (13.7%) 0.651

Note: the data are expressed as Mean + SD/Median (QI - Q3)/N (%).

Abbreviations: BMI, body mass index; HOMA-IR (CP), homeostasis model assessment for insulin resistance based on C-peptide; HOMA-islet (CP-DM), homeostasis
model assessment islet beta-cell function based on C-peptide; HbA|c, hemoglobin Alc.

(Y = 1) and using the clinical data and blood indicators
from different gender groups as independent variables (see
Table 2). The results showed that age, uric acid, and
HOMA-IR (CP) were all possible related factors for osteo-

porosis in female patients (P < 0.10), while in male

patients, the association between the above indicators and
osteoporosis was not significant (P > 0.10).

Multivariable logistic regression analysis was used to
evaluate the association between HOMA-IR (CP) and

osteoporosis by adjusting the covariates. The model with

Table 2 Univariate Analysis of Clinical Data, Blood Indicators, and Osteoporosis of Different Gender Groups

Female

Male

OR (95% Cl) P-value

OR (95% CI) P-value

Age

Menopause

BMI (kg/m?)

Waist-to-hip ratio

Disease course (years)

Drug control

Fasting blood glucose (mmol/L)
Fasting C peptide (pmol/L)
HOMA-IR (CP)

HOMA:-islet (CP-DM)

HbAIc (%)

Uric acid (umol/L)

Total cholesterol (mmol/L)
Triacylglycerol (mmol/L)
High-density lipoprotein (mmol/L)

Low-density lipoprotein (mmol/L)

1.05 (1.00, 1.12) 0.066
1.15 (0.23, 5.74) 0.867
0.99 (0.87, 1.12) 0.835
1.72 (0.00, 32,015.04) 0.914
1.03 (0.97, 1.10) 0.293
0.90 (0.29, 2.78) 0.855
1.12 (0.89, 1.41) 0.329
1.36 (0.79, 2.34) 0.262
1.55 (0.99, 2.42) 0.055
0.99 (0.97, 1.02) 0.627
1.18 (0.91, 1.52) 0.214
0.99 (0.99, 1.00) 0.074
1.02 (0.60, 1.74) 0.941
0.82 (0.52, 1.28) 0.385
2.46 (0.26, 23.58) 0.434
1.08 (0.53, 2.21) 0.830

1.01 (0.97, 1.06) 0.644
1.03 (0.90, 1.18) 0.686
0.68 (0.00, 1914.25) 0.924
1.06 (0.98, 1.14) 0.138
1.80 (0.68, 4.79) 0.241
0.84 (0.66, 1.06) 0.141
0.89 (0.56, 1.41) 0.613
0.80 (0.51, 1.26) 0.333
1.00 (0.99, 1.01) 0.531
0.86 (0.68, 1.10) 0.244
1.00 (1.00, 1.01) 0.323
0.78 (0.49, 1.24) 0.291
0.94 (0.75, 1.17) 0.575
1.09 (0.16, 7.31) 0.933
0.68 (0.34, 1.35) 0.265

Abbreviations: BMI|, body mass index; HOMA-IR (CP), homeostasis model assessment for insulin resistance based on C-peptide; HOMA-islet (CP-DM), homeostasis
model assessment islet beta-cell function based on C-peptide; HbAlc, hemoglobin Alc.
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Table 3 Multivariable Logistic Regression Analysis of the Effect of HOMA-IR (CP) on Osteoporosis

P for interaction 0.031

Gender Non-Adjusted Adjust | Adjust 11
Female 1.55 (0.99, 2.42) 0.055 1.66 (0.96, 2.89) 0.071 2.63 (1.15, 5.99) 0.022
Male 0.80 (0.51, 1.26) 0.333 0.74 (0.45, 1.22) 0.238 0.80 (0.46, 1.38) 0.395

0.020 0.009

Notes: OR (95% CI) P-value. Non-adjusted model was adjusted for: None. Adjust | model was adjusted for: Age; uric acid. Adjust |l model was adjusted for: Age; BMI;
waist-to-hip ratio; disease course; HOMA-islet (CP-DM); uric acid; triacylglycerol; high-density lipoprotein.
Abbreviations: HOMA-IR (CP), homeostasis model assessment for insulin resistance based on C-peptide; BMI, body mass index; HOMA-islet (CP-DM), homeostasis

model assessment for islet beta-cell function based on C-peptide.

non-adjusted covariates equaled to univariate logistic
regression analysis. The minimally-adjusted covariates
(Adjust I) included age and uric acid, and the fully-
adjusted covariates (Adjust II) included age, BMI, waist-
to-hip ratio, disease course, HOMA-islet (CP-DM), uric
acid, triacylglycerol, and high-density lipoprotein (see
Table 3). For female patients, the increase in HOMA-IR
(CP) elevated the risk of osteoporosis in all regression
models with non-adjusted, minimally-adjusted, and fully-
adjusted covariates, and the association was significant in
the fully-adjusted model, with OR = 2.63 (95% CI: 1.15—
599, P = 0.022). For male patients, the association
between HOMA-IR (CP) and osteoporosis was not signif-
icant in all three models (all P > 0.05). The interaction
effect between different genders was significant (P for
interaction all < 0.05), indicating that the relationship
between HOMA-IR (CP) and osteoporosis was affected
by gender.

Curve Fitting and Threshold Effect

Analysis

GAM was used to test the relationship between HOMA-IR
(CP) and osteoporosis risk in female patients. The results
showed a nonlinear relationship between the two after
correcting for age, BMI, waist-to-hip ratio, disease course,
HOMA-islet (CP-DM), uric acid, triacylglycerol, and
high-density lipoprotein (degree of freedom was 1.862,
P = 0.024). Figure 2 showed the changes of osteoporosis
risk with HOMA-IR (CP) in female patients: at first, the
changes were very little; after a certain HOMA-IR (CP)
value, the osteoporosis risk significantly increased, show-
ing a piecewise linear relationship. By observing the fitted
curve, we set the inflection point as 4.00.

The two-piecewise logistic regression model method was
used further to evaluate the threshold effect of the fitted curve.
The log-likelihood ratio test of HOMA-IR (CP) at the inflec-
tion point 4.00 was statistically significant (P = 0.005), sug-
gesting that the two-piecewise regression model was

appropriate for describing the relationship between HOMA-
IR (CP) and osteoporosis (see Table 4). When HOMA-IR
(CP) <4.00, the risk of osteoporosis in female patients did not
change much with HOMA-IR (CP), (P = 0.474); when
HOMA-IR (CP) > 4.00, the increase in HOMA-IR (CP)
significantly elevated the risk of osteoporosis in female
patients, with OR = 26.88 (95% CI: 2.75-262.69, P = 0.005).

Discussion

The relationship between insulin resistance and the risk of
osteoporosis in T2DM patients is still controversial. Our
study found that this relationship was significantly affected
by gender. In female patients, the higher the degree of
insulin resistance, the greater the risk of osteoporosis.

However, the relationship was not a simple linear

Female T2DM patients

0.6 0.8 1.0

Osteoporosis risk
0.4

0.0
1

| FII I | | | |
I I I T T

200 300 400 500 600 7.00 800
HOMA-IR (CP)

Figure 2 The relationship between HOMA-IR (CP) and osteoporosis risk. Adjust
for: age, BMI, waist-to-hip ratio, disease course, HOMA-islet (CP-DM), uric acid,
triacylglycerol, and high-density lipoprotein.

Abbreviations: HOMA-IR (CP), homeostasis model assessment for insulin resis-
tance based on C-peptide; BMI, body mass index; HOMA-islet (CP-DM), home-
ostasis model assessment islet beta-cell function based on C-peptide.
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Table 4 Nonlinear Relationship Between HOMA-IR (CP) and
Osteoporosis

OR (95% CI) P-value
Model I: univariate linear regression 2.63 (1.15, 5.99) 0.022
Model Il: two-piecewise regression model
Inflection point (K) 4.00
< K point effect | 0.61 (0.16, 2.36) 0.474
> K point effect 2 26.88 (2.75, 262.69) | 0.005
Log-likelihood ratio test 0.005

Notes: Adjusted variables: age, BMI, waist-to-hip ratio, disease course, HOMA-islet
(CP-DM), uric acid, triacylglycerol, and high-density lipoprotein.

Abbreviations: HOMA-IR (CP), homeostasis model assessment for insulin resis-
tance based on C-peptide; BMI, body mass index; HOMA-islet (CP-DM), home-
ostasis model assessment islet beta-cell function based on C-peptide.

relationship, and there was a threshold effect. When
HOMA-IR (CP) > 4.00, the risk of osteoporosis increased
significantly.

The incidence of osteoporosis is gradually increasing in
recent years, which affects the patients’ life quality and
causes serious social health problems.'*° Many factors are
related to osteoporosis, including age, gender, endocrine, and
metabolic diseases.?’ The age-related reduction of sex hor-
mones is one reason for osteoporosis, as sex hormones play
an important role in maintaining bone health.”* Compared
with older males, hormone deficiency is more pronounced in
older females.”> Diabetes is also an important cause of
osteoporosis. Many studies”** have shown that people with
T2DM have a higher risk of bone fractures than non-diabetic
patients. Our study showed that the proportion of osteoporo-
sis in female T2DM patients was higher than that of male
patients, consistent with the previous studies.

T2DM is the most common endocrine system disease
in the clinic, with insulin resistance as the basic patholo-
gical feature, accompanied by internal environmental dis-
orders and abnormal synthesis and secretion of various
cytokines. These effects influence bone metabolism and
then
ultrastructure.” In recent years, studies have shown that

cause bone loss and destruction of bone
insulin directly affects bone cells,'® but the relationship
between insulin resistance and osteoporosis is still
unclear. Bilic-Curcic et al*® proposed that abdominal
obesity and hyperinsulinemia played a protective role in
postmenopausal women with T2DM, leading to an
increase in the total femoral bone density. A cohort
study of the elderly®” showed that insulin resistance was
associated with increased bone density. The synergistic

effect of excess insulin and other anabolic hormones, such

as pancreatic amylin, insulin-like growth factors, and
parathyroid hormone, can increase bone density.”®
However, our results were different, which might be due
to the heterogeneity of the study population, such as age,
gender, race, and menopause. In addition, we used
a modified HOMA-IR model to evaluate insulin resis-
tance, in which C-peptide replaced insulin. C-peptide is
more stable and is considered an effective substitute for
insulin.?’ Moreover, the bone density we measured was
based on the lumbar spine, which might also cause incon-
sistent results. It has been reported’” that significant insu-
lin resistance in T2DM patients is associated with low
bone density. T2DM patients are often accompanied by
mild inflammation, and chronic inflammation can lead to
the development of osteoporosis through oxidative
stress.>! Weber et al (31) speculated that the relationship
between insulin resistance and osteoporosis might not be
linear, and there was a threshold effect. Our results con-
firmed this perspective. When HOMA-IR (CP) > 4.00, the
higher the insulin resistance of female T2DM patients, the
greater the risk of osteoporosis. In our study, the propor-
tion of female patients who had menopause accounted for
85.3%. The sharp decline in estrogen after menopause led
to the loss of bone mass. This gender difference may
affect the relationship between insulin resistance and
osteoporosis.®” In addition, with the increase of insulin
resistance, other related factors, such as pro-inflammatory
cytokines, have also increased, which exerts an adverse
effect on bone health, exceeding the anabolic effect of

insulin on bone and to decreased bone

11,33

leading
density.

Our study has some limitations. Firstly, this is
a single-center retrospective study. There were only 34
patients with osteoporosis, and there was a high propor-
tion of missing BMD results. The sample size needs to
be expanded to obtain a more accurate HOMA-IR (CP)
threshold. Secondly, there might be unknown confound-
ing factors that affected our results. For example, serum
25-hydroxyvitaminD?’** and diabetes medications® are
important factors that affect bone health. Finally, this
study only found a significant association between
HOMA-IR (CP) and osteoporosis in female patients,
and more male patients should be collected for further
research. The relationship between insulin resistance and
osteoporosis is complex and has not been fully under-
stood. Further research is needed to clarify the relation-
ship between the two.
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Conclusions

In summary, the relationship between insulin resistance
and osteoporosis risk in T2DM patients is significantly
affected by gender. The higher the degree of insulin resis-
tance in female T2DM patients, the greater the risk of
osteoporosis. Moreover, this relationship is not simply
linear, and there is a threshold effect. This study will
help clinicians assess the risk of osteoporosis in T2DM
female patients and make appropriate early interventions.
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