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Abstract

Objective: A first-degree family history of diabetes (FHD) contributes to increased risks of metabolic and
cardiovascular diseases. Bone is an insulin-resistant site and an organ susceptible to microvascular complications.
The goal of the present study was to investigate the association of FHD with bone mineral density (BMD) in
postmenopausal women.

Methods: In all, 892 normoglycemic postmenopausal women were divided into subgroups of participants with or
without a first-degree FHD. BMD was measured using dual-energy x-ray absorptiometry. Fasting plasma insulin
and glucose levels were measured, and insulin resistance was evaluated using the Homeostasis Model Assessment—
Insulin Resistance (HOMA-IR) index.

Results: The BMD of the lumbar spine and femoral neck were much higher in the participants with a first-degree
FHD than in those without an FHD (all P < 0.05). Lumbar spine BMD and femoral neck BMD were both positively
associated with HOMA-IR (P =0.041 and P = 0.005, respectively). Multiple stepwise regression analysis showed
that a first-degree FHD was an independent factor that was positively associated with lumbar spine BMD
(standardized $=0.111, P=0.001) and femoral neck BMD (standardized 8 =0.078, P=0.021). A first-degree

FHD was associated with increased BMD, insulin resistance, and hyperinsulinemia.

Conclusions: Our study indicated that normoglycemic postmenopausal women with a first-degree FHD exhibit
increased BMD with insulin resistance and hyperinsulinemia. A first-degree FHD was an independent factor
associated with elevated BMD in Chinese women after menopause.

Key Words: BMD — First-degree FHD — Insulin resistance.

increased risk of osteoporotic fracture.'* However,

few studies have suggested that T2DM is associated
with accelerated bone loss.”® Strong evidence has revealed
normal to high bone mineral density (BMD) in most patients
with T2DM."7"!° Insulin resistance is linked to BMD, thus
possibly explaining these paradoxical findings. Even after
adjustment for BMI, BMD was still increased in patients with
T2DM, which suggests that increased BMD might be attrib-
uted to hyperinsulinemia.”'"'* Some clinical studies have
shown that BMD was elevated or normal in the status of
hyperinsulinemia, including metabolic syndrome,'® nonalco-
holic fatty liver disease,'* polycystic ovary syndrome,'” and

T ype 2 diabetes mellitus (T2DM) is associated with an
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even in individuals with impaired glucose tolerance, who had
a lower fracture risk compared with that of healthy controls."'
Therefore, bone could change throughout the evolution of the
disease from prediabetes to overt diabetes. Hyperinsulinemia
may be the dominant factor that affects the skeleton in the
early phase of diabetes. Skeletal fragility is associated with
the progressive B-cell dysfunction that occurs with disease
evolution, the accumulation of advanced glycosylation end
products,'® microvascular complications,'” and muscle dys-
function.'® Because T2DM individuals are at increased risk of
fracture, understanding the early pathophysiology of altered
BMD may be critical for the development of preventive
strategies for diabetic osteoporosis.

Insulin resistance and B-cell dysfunction,19 diabetes,
adipocyte dysfunction,?® and endothelial function® have been
identified in individuals with a first-degree family history of
diabetes (FHD), even in the absence of diabetes. To date,
however, no data have been published that demonstrated
whether BMD is altered in individuals with a first-
degree FHD.

Therefore, the goal of the present study was to explore
BMD in normoglycemic postmenopausal women with a first-
degree FHD and the relationship between insulin resistance
and bone mass. All of the participants enrolled in this study
were normoglycemic for the purpose of attenuating the impact
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of abnormal glucose metabolism, chronic complications of
diabetes, and diabetes therapies on BMD.

METHODS

Participants

In all, 892 normoglycemic postmenopausal women were
enrolled. Based on the 1999 World Health Organization
criteria, individuals with impaired glucose regulation or dia-
betes were not included in the present study. Individuals
currently undergoing therapy for osteoporosis (eg, bisphos-
phonate or hormonal agents) and individuals with chronic
renal failure, liver cirrhosis, thyroid disease, rheumatoid
arthritis, or any type of cancer were excluded.

A first-degree FHD was defined as having one or more
first-degree relatives with diabetes (parents, siblings, or off-
spring).

The Ethics Committee of The First Affiliated Hospital
of Wenzhou Medical University preapproved this study,
and all participants provided written informed consent before
participation.

Measures

Body weight and height were measured to the nearest
0.1 cm and 0.1 kg, respectively, with standard methods. Body
mass index (BMI) was calculated as follows: BMI = weight
(kg)/height® (m?).

Blood serum samples, which were obtained from the
antecubital vein, were collected between 6:00 and 9:00 Am
after 10 to 12hours of fasting. The biochemical indices
included fasting plasma glucose (FPG), glycated hemoglobin
(HbAlc), fasting serum insulin (FINS), serum lipid profiles
(triglycerides [TGs], total cholesterol [TC], high-density
lipoprotein cholesterol [HDL-C], low-density lipoprotein
cholesterol [LDL-C]), serum uric acid (SUA), creatinine,
and C-reactive protein (CRP). The estimated glomerular
filtration rate (eGFR) was calculated with age, sex, and serum
creatinine. The Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) was calculated as follows: HOMA-
IR =FINS (mU/L) x FPG (mmol/L)/22.5.

All participants included in our study had undergone dual-
energy x-ray absorptiometry (DXA; Prodigy primo, GE Inc.,
Madison, WI) for the assessment of BMD (grams per square
centimeter) of the femoral neck and lumbar spine (L1-L4). Well-
trained and qualified technicians performed standardized daily
quality control of the DXA instruments using spine phantom,;
accurate and reliable data were generated. The coefficient of
variation (CV) for repeated measurement by the DXA operator
of the lumbar spine and femoral neck was <1.0%.

Analysis

The SPSS 16.0 statistical package for the social science (SPSS
Inc., Chicago, IL) was used for statistical analysis. The normality
of the data distribution was determined by the one-sample
Kolmogorov-Smirnov test. Data were expressed as the mean
+ standard deviation or median, with the interquartile range
according to a normal or skewed distribution, respectively.

Comparisons between the two groups were carried out by an
unpaired Student’s ¢ test for normally distributed variables or the
Mann-Whitney U test for variables with a skewed distribution.
Spearman’s correlation coefficient analyses were conducted to
assess the relationships of BMD with indices of HOMA-IR and
other metabolic parameters. Multiple stepwise regression anal-
ysis was performed to identify independent factors affecting
BMD. The threshold of statistical significance was set at 0.05 for
two-tailed P values.

RESULTS

Clinical characteristics of study participants

In all, 892 normoglycemic postmenopausal women were
enrolled in the present study (age range: 51-74 years, median
55.00 [53.00-59.50] years), including 147 participants with a
first-degree FHD and 745 participants without an FHD. In the
postmenopausal women, participants with a first-degree FHD
had greater body weight and higher FIN, HOMA-IR, and
HbAlc values than those without an FHD (all P < 0.05).
Individuals with and without a first-degree FHD did not differ
significantly with respect to the other variables (all P > 0.05;
Table 1)

BMD in participants with and without a first-degree FHD
In postmenopausal women, the BMD of the femoral neck
and lumbar spine were much higher in participants with a
first-degree FHD than in those without an FHD (0.890 [0.810-
0.950] vs 0.85 [0.800-0.930], P <0.05; 1.077+0.146 vs
1.034+0.112; P <0.01, respectively; Fig. 1).

TABLE 1. Characteristics of the study participants (N=892)

A first-degree FHD

Variable —(n="745) +(n=147)
Age (y) 55.00 (53.00-59.50)  55.00 (53.00-59.00)
Weight (kg) 56.73+£6.98 58.45+7.58"
Height (cm) 156.47+5.11 157.13 +4.80

BMI (kg/m?)

FPG (mmol/L)

HbAlc (%)

FINS (pmol/L)

HOMA-IR

TG (mmol/L)

LDL-C (mmol/L)

HDL-C (mmol/L)

SUA (umol/L)

CRP (mg/L)

eGFR

Menopausal period (y)
Lumbar spine BMD (g/cm?)
Femoral neck BMD (g/cm?)

22.87 (21.48-24.83)
5.20 (4.90-5.50)
5.50 (5.30-5.80)

49.00 (35.45-65.75)
1.60 (1.13-2.23)
1.28 (0.91-1.76)

3.1340.79
1.44 (1.25-1.69)

23.69 (21.30-25.84)
5.20 (4.90-5.60)
5.60 (5.40-5.80)°

56.60 (40.70-72.50)°
1.85 (1.33-2.42)°
1.20 (0.89-1.74)

3.1140.80
1.42 (1.23-1.67)
281.76 +5.68 287.05+5.85
0.68 (0.35-1.57) 0.78 (0.33-1.43)
100.60 (94.90-105.00) 101.10 (94.20-105.70)
5.00 (3.00-9.50) 5.00 (3.00-9.00)
1.034+0.112 1.077 +0.146°
0.850 (0.800-0.930)  0.89 (0.810-0.950)°

BMI, body mass index; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; FHD, family history of diabetes; FINS, fasting
serum insulin; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin
Alc; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
Homeostasis Model Assessment-Insulin Resistance; LDL-C, low-density
lipoprotein cholesterol; SUA, serum uric acid; TG, triglyceride.

Data are means +SD, median (interquartile range).

“P < 0.05 versus participants without an FHD in corresponding group.
bP<0.01 versus participants without an FHD in corresponding group.
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FIG. 1. Group comparisons of BMD between participants with a first-degree FHD and those without an FHD. BMD is expressed as median values with
interquartile ranges. P* < 0.05; P** < 0.01. BMD, bone mineral density; FHD, family history of diabetes.

Spearman’s correlation analyses of BMD

In postmenopausal women, lumbar spine BMD was posi-
tively associated with HOMA-IR, menopausal period, and
eGFR (all P <0.05), but negatively associated with age (all
P <0.001). Femoral neck BMD was positively associated
with BMI, HOMA-IR, TGs, menopausal period, and eGFR
(all P<0.05), but negatively associated with age (all
P <0.001). Additional detailed results are displayed in
Table 2.

TABLE 2. Spearman’s correlation analyses of BMD

Lumbar spine Femoral neck

Variables r P r P

Age —0.307 <0.001 —0.197 <0.001
BMI 0.054 0.122 0.118 0.001
HbAlc 0.018 0.591 0.027 0.414
HOMA-IR 0.068 0.041 0.094 0.005
TG 0.014 0.677 0.026 0.043
LDL-C —0.007 0.823 0.002 0.952
HDL-C —0.043 0.203 —0.050 0.136
SUA 0.043 0.19 0.056 0.094
CRP —0.001 0.969 0.062 0.067
Menopausal period —0.307 <0.001 —0.197 <0.001
eGFR 0.227 <0.001 0.159 <0.001
A first-degree FHD 0.089 0.008 0.083 0.013

BMI, body mass index; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; FHD, family history of diabetes; HbAlc,
glycated hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, Homeostasis Model Assessment-Insulin Resistance; LDL-C,
low-density lipoprotein cholesterol; SUA, serum uric acid; TG,
triglyceride.
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Multiple stepwise regression analysis of BMD

Upon defining BMD as a dependent variable, multiple
regression analysis took into account variables including
a first-degree FHD, age, BMI, HbAlc, HOMA-IR, TGs,
HDL-C, LDL-C, SUA, eGFR, menopausal period, and
CRP as independent variables. The results showed that a
first-degree FHD was an independent factor positively asso-
ciated with lumbar spine BMD (standardized =0.112,
P=0.001) and femoral neck BMD (standardized
B=0.075, P=0.029) (Table 3).

DISCUSSION

To our knowledge, this was the first study to examine the
association of femoral neck and lumbar spine BMD with a
first-degree FHD, and also with related factors. In the present
study, individuals with a first-degree FHD exhibited higher
BMD than those without an FHD. HOMA-IR was positively
associated with BMD in postmenopausal women. Moreover, a
first-degree FHD, HOMA-IR, and SUA were identified as
independent positive factors associated with BMD.

Increased BMD has been noted not only in individuals with
T2DM, but also in individuals with impaired glucose toler-
ance."”'% Nevertheless, there are no studies reporting BMD
in a population of individuals with a first-degree FHD. Bone is
influenced in the early phase of diabetes, and hyperinsuline-
mia is the dominant factor. However, the association between
insulin resistance and bone mass is not clear. HOMA-IR was
negatively associated with total body, femoral neck, and
lumbar spine areal bone mineral density in South Korean
men.?* Insulin resistance was inversely associated with
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TABLE 3. Multiple linear stepwise regression analysis of BMD

Lumber spine

Independent variables Femoral neck

Independent variables B Standardized B T P B Standardized B t P

A first-degree FHD 0.036 0.112 3.336 0.001 A first-degree FHD 0.020 0.075 2.193 0.029

Age —0.008 —0.316 —9.384 <0.001 BMI 0.003 0.085 2.449 0.015

SUA 0.000 0.083 2.456 0.014  Menopausal period —0.004 —0.178 —4.715 <0.001

HOMA-IR 0.014 0.103 3.059 0.002  HOMA-IR 0.010 0.091 2.603 0.009
SUA 0.000 0.101 2.810 0.005
eGFR 0.001 0.085 2.198 0.028

BMI, body mass index; eGFR, estimated glomerular filtration rate; FHD, family history of diabetes; HOMA-IR, Homeostasis Model Assessment-Insulin

Resistance; SUA, serum uric acid.

lumbar spine aBMD in menopausal Chinese-Singaporean
women without diabetes.”> HOMA-IR was positively corre-
lated with the total hip and lumbar spine BMD in White
women without diabetes.”® HOMA-IR was positively associ-
ated with lumbar spine aBMD in individuals in the United
States.?’ Therefore, differences in sex, age, and race affect the
relationship between insulin resistance and BMD. Consistent
with the latter two findings, the present study demonstrated
that the lumbar spine BMD and femoral neck BMD were
positively associated with HOMA-IR in postmenopausal
women and that individuals with a first-degree FHD were
more likely to have a high HOMA-IR. The present study
revealed for the first time a significant increase in BMD in
normoglycemic individuals with a first-degree FHD, support-
ing the concept that the protective effects on the skeleton
occur before the onset of glucose metabolism abnormalities.
Based on these clinical associations, we suggest that the
elevated BMD in individuals with a first-degree FHD could
be attributed to insulin resistance.

Both positive and negative associations between SUA and
BMD have been reported. Multiple studies have supported the
view that SUA had a positive relationship with BMD that
could be explained by indices of body fat deposition.?®=>° The
results of the present study were consistent with these find-
ings. However, it is not certain whether a positive association
between BMD and uric acid is still observed in individuals
with hyperuricemia.

The potential mechanisms underlying the contribution of a
first degree FHD to BMD remained to be determined. Until
now, there has been no direct evidence supporting the contri-
bution of genetic factors to the alteration in BMD in individuals
with an FHD. However, individuals with a first-degree FHD
inherit susceptibility to insulin resistance,'® which may further
lead to high BMD. Insulin has an anabolic effect on bone.
Osteoblasts have insulin receptors, and insulin stimulates the
proliferation of these cells in vitro.>' In normoglycemic but
insulin-resistant offspring of parents with T2DM, insulin-stim-
ulated AKT phosphorylation on Ser473 was suppressed, result-
ing in an approximately 60% reduction in AKT activation.*?
Phosphorylation of the insulin receptor atThr308, Ser473, and
especially Tyr 1150/1151 was significantly decreased in the
bones of mice fed a high-fat diet (HFD) when compared with
the phosphorylation of the receptors of the mice fed a normal

diet.>* An in vivo study revealed that HFD-fed mice developed
obesity and glucose intolerance, and also insulin resistance not
only in the liver, muscle, and fat but also in the bone. However,
by compromising insulin signaling in osteoblasts, HFD feeding
inhibited both arms of bone remodeling. The bone volume was
increased in HFD-fed mice. Additionally, insulin not only
reduced osteoprotegerin expression in osteoblasts via FoxO1
phosphorylation, leading to osteoblastogenesis and bone
resorption but also regulated osteoblast differentiation by
suppressing the Runx2 inhibitor Twist2.>* Therefore, on the
basis of these studies, it was warranted to hypothesize that
insulin resistance may be responsible for the high BMD in
individuals with a first-degree FHD. One of the mechanisms of
the positive correlation between BMD and SUA is oxidative
stress due to the decrease in osteoclastogenesis and the promo-
tion of osteoblast differentiation, leading to increased bone
formation.’! However, experimental studies do not seem to
support a protective role of UA on bone health. Therefore,
further research is needed to address all these issues in
more detail.

The present study has some limitations. First, our study is
limited by the cross-sectional design, which did not allow any
inference of causality. Further clinical and basic research
studies are necessary to verify our findings and reveal the
relevant genetic factors. Second, osteocalcin and PINP should
be assessed, which would provide insight into bone formation
in relation to insulin resistance. Third, BMD measurements
underestimate skeletal fragility in individuals with type 2
diabetes and those in the early stage of diabetes. Thus,
healthcare providers and bone strength should be considered.
Fourth, future studies are needed to examine the changes in
BMD with the evolution of the disease from prediabetes to
overt diabetes. Additional work to further characterize the
observation of the T-score is warranted.

CONCLUSIONS

In conclusion, the BMD of the lumbar spine and femoral
neck was significantly higher in menopausal women with a
first-degree FHD than in those without an FHD, even among
individuals with normal blood glucose levels. There was a
significant positive correlation between BMD and HOMA-IR.
A first-degree FHD was found to be an independent factor
associated with increased BMD.
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