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Background: Bone metabolism can be influenced by type 2 diabetes mellitus (T2DM).
However, the relationship between T2DM and bone mineral density (BMD) remains inconsis-
tent. This study explored the differences in BMD in middle-aged adults with and without T2DM.
Methods: We conducted a cross-sectional study of 4986 participants aged 40-59 years who
participated in the National Health and Nutrition Examination Survey (NHANES) 2011-2018.
We performed multivariable logistic regression models to evaluate the associations between
T2DM status, serum glucose, glycohemoglobin (HbAIc), disease duration and lumbar BMD.
Results: There was a positive association between T2DM status and lumbar BMD in all
three models (model 1: p=0.039, 95% CI: 0.025-0.052; model 2: $=0.045, 95% CI: 0.031—-
0.059; model 3: p=0.035, 95% CI: 0.014-0.055). In the subgroup analysis stratified by
gender, this positive association existed in both gender after adjusting for confounders
(males: p=0.033, 95% CI: 0.003-0.062; females: $=0.035, 95% CI: 0.008-0.062). Besides,
there were no significant associations of serum glucose, HbAlc, disease duration with
lumbar BMD in both genders with T2DM.

Conclusion: This study indicated that middle-aged adults with T2DM had significantly
higher lumbar BMD compared with those without DM.
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Introduction

Diabetes mellitus (DM) and osteoporosis are two common metabolic diseases pre-
valent in all regions of the world.! They may thus occur together by chance. Caused by
deficiency of insulin secretion, type 1 DM (T1DM) commonly occurs during childhood
and adolescence period, and type 2 DM (T2DM), also called adult-onset diabetes, is the
result of resistance to insulin and an inadequate compensatory insulin secretion
response to glucose.” Any of these types of DM may be associated with osteoporosis;
therefore, DM has become a topic of interest in bone research.

Diabetes-related osteoporosis is one of the main complications of DM affecting the
skeletal system; however, the mechanisms linking DM to osteoporosis have not been
fully explained.” In recent years, a significant association between DM and osteoporosis
has been established with an increased prevalence or risk of osteoporosis, and decreased
bone mineral density (BMD) has consistently been observed in T1DM; however, studies
investigated on BMD in T2DM came to contradictory conclusions.*® Therefore, this
study investigated the relationship of T2DM with BMD in adults aged 40-59 years using
a nationally representative sample. We also evaluated the effect of disease duration of
T2DM on BMD and the associations of serum glucose and glycohemoglobin (HbAlc)
with BMD.
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Methods

Data Sources

To address emerging public health issues and provide objec-
tive data on health conditions for children and adults in the
US, the National Health and Nutrition Examination Survey
(NHANES) was designed and conducted by the National
Center for Health Statistics (NCHS). The NHANES was
a large, ongoing cross-sectional survey designed to be nation-
ally representative. The data accessed from NHANES is
freely available on the Internet for researchers throughout
the world. In this study, we pooled data from 4 two-year
cycles of NHANES 2011-2018 (the latest data available at
the time of analysis). Participants in each NHANES cycle
were identified through stratified, multi-stage probability
sampling of the non-institutionalized US population.
Among the 7383 adults aged 40-59 years, we excluded 669
participants with missing serum glucose data, one participant
with missing HbAlc data, 1218 participants with missing
lumbar BMD data, 304 participants with cancer, and 155
participants who had unclear self-report DM status. To mini-
mize the number of participants with TIDM, 50 participants
with age of DM onset before age 30 were also excluded.
Finally, 4986 participants were analyzed after applying these
exclusion criteria (Figure 1). The survey protocol was
approved by the Institutional Review Board of NCHS, and
each participant provided written informed consent.

Evaluation of Exposures

Exposures included T2DM status, serum glucose, HbAlc, and
disease duration of T2DM. T2DM status was defined as fol-
lowing criteria: participants being told by a doctor that they had
DM, with diagnosis age >30 years; or HbAlc >6.5% among
those without a self-reported diagnosis, according to the guide-
line from the American Diabetes Association.” Serum glucose
(nonfasting) was measured by means of a Roche/Hitachi cobas
C Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN)
or a Roche/Hitachi Modular P Chemistry Analyzer. HbAlc
was measured on a Tosoh Automated Analyzer HLC-723GS8
(Tosoh Medics, Inc., San Francisco, CA) or a Tosoh G7
Automated HPLC Analyzer.'® Disease duration of T2DM
was self-reported (age in years at screening minus age when
the doctor told the participants they had DM).

Outcome

The outcome of the present study is lumbar BMD. As
a clinical trial outcome, the measurement of BMD at lumbar
spine has been used for the assessment and treatment of

osteoporosis.'' The measurements of lumbar BMD were pro-
vided by the dual-energy X-ray absorptiometry (DXA) scans,
acquired on the Hologic Discovery model A densitometers
(Hologic, Inc., Bedford, Massachusetts), using software ver-
sion Apex 3.2. The trained and certified radiology technolo-
gists administered the DXA examinations.'*

Covariates

Information on age, gender, race, ratio of family income to
poverty, educational level, smoked at least 100 cigarettes
in life, and vigorous recreational activities were obtained
through self-report. Body mass index (BMI) was calcu-
lated during the study visit. The detailed process of serum
sodium, serum potassium, serum phosphorus, alkaline
phosphatase, serum uric acid, blood urea nitrogen, serum
creatinine, total protein, total cholesterol, and serum cal-
cium were at the NHANES website.

Statistical Methods

The data analysis in this study took into account sampling
weights based on the analytical guideline edited by NCHS,
and was conducted using package R version 3.4.3 (http://
www.R-project.org) and EmpowerStats software (http://

www.empowerstats.com). The significance level was

0.05. The associations of T2DM status, serum glucose,
HbAlc, and duration of T2DM with lumbar BMD were
evaluated by multivariable logistic regression models.
Following the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) state-
ment guidelines,"® we constructed three models: model 1,
no covariates were adjusted; model 2, age, gender, race
were adjusted; model 3, the covariates presented in Table 1
were adjusted. Subgroup analyses stratified by gender and
T2DM status were also performed.

Results

Adults with T2DM differed from those without DM on
a number of demographic and healthcare access character-
istics (Table 1). Compared with those without DM, the
participants with T2DM were older, more were non-
Hispanic black and fewer were non-Hispanic white. Adults
with T2DM have higher BMI, lower vigorous recreational
activities, ratio of family income to poverty, and educational
level. Besides, alkaline phosphatase, total cholesterol, blood
urea nitrogen, serum sodium, serum potassium, serum cal-
cium, serum glucose, and HbAlc were all significantly
different between the two groups (p< 0.05 for each). It is
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Figure | Flow chart of sample selection from the NHANES 2011-2018.

noteworthy that the lumbar BMD in adults with T2DM was
higher compared with those without DM.

Associations of T2DM Status with
Lumbar BMD

We found a positive association between T2DM status
and lumbar BMD in all three models (model 1: =0.039,
95% CI: 0.025-0.052; model 2: $=0.045, 95% CI: 0.-
031-0.059; model 3: p=0.035, 95% CI: 0.014-0.055). In
the subgroup analysis stratified by gender, this positive
association existed in both gender after adjusting for
confounders (males: B=0.033, 95% CI: 0.003-0.062;
females: B=0.035, 95% CI: 0.008-0.062). These results

are presented in Table 2.

» |diabetes status (n=155)
or individuals with age
of diabetes onset before
30 years old (n=50)

Associations of Serum Glucose with
Lumbar BMD

After controlling for potential confounding factors, we found
no significant association between serum glucose and lumbar
BMD in both genders with or without T2DM (males with
diabetes: P= 0.003, 95% CI: —0.004-0.010; females
with diabetes: B=0.001, 95% CI: —0.006-0.008; males with-
out diabetes: f= —0.005, 95% CI: —0.014-0.005; females
without diabetes: f= —0.006, 95% CI: —0.016-0.003). The
results are shown in Table 3.

Associations of HbA | c with Lumbar BMD

After controlling for potential confounding factors, we
found a negative association between HbAlc and
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Table | Weighted Characteristics of Study Sample with and without Type 2 Diabetes

Type 2 Diabetes (n=752) Non-Diabetes (n=4234) P value
Age (years) 51.13 £ 545 49.20 + 5.72 <0.001
Gender (%) 0.018
Male 55.81 50.47
Female 44.19 49.53
Race (%) <0.001
Mexican American 13.99 8.13
Other Hispanic 8.6l 5.97
Non-Hispanic White 46.63 66.81
Non-Hispanic Black 17.50 10.52
Other race - including multi-racial 13.27 8.57
Educational level (%) <0.001
Less than 9th grade 7.90 4.34
9—11th grade 14.55 9.26
High school graduate/GED or equivalent 23.01 22.01
Some college or AA degree 34.40 30.25
College graduate or above 20.14 34.13
Body mass index (kg/m?) 33.75£7.38 29.09 £ 6.34 <0.001
Ratio of family income to poverty 2.75 + 1.66 332 % 1.62 <0.001
Vigorous recreational activities (%) <0.001
Yes 48.09 43.87
No 51.91 56.11
Smoked at least 100 cigarettes in life (%) 0.163
Yes 13.67 26.82
No 86.33 73.18
Blood urea nitrogen (mmol/L) 501 +2.11 476 £ 1.52 <0.001
Serum creatinine (umol/L) 7821 + 58.29 76.39 + 20.60 0.140
Total protein (g/L) 71.05 + 478 70.73 £ 432 0.107
Total cholesterol (mmol/L) 501 +1.31 5.24 + 1.0l <0.001
Alkaline phosphatase (U/L) 75.00 + 24.50 68.31 £22.86 <0.001
Serum uric acid (umol/L) 321.51 +85.45 318.33 + 80.02 0.381
Serum sodium (mmol/L) 138.19 £ 2.92 139.30 + 2.21 <0.001
Serum potassium (mmol/L) 4.04 + 0.36 3.97 £ 032 <0.001
Serum phosphorus (mmol/L) 1.20 + 0.18 1.18 £0.17 0.077
Serum calcium (mmol/L) 2.34 + 0.09 2.33 £ 0.09 0.020
Glycohemoglobin (%) 7.86 £ 1.98 5.45 % 0.35 <0.001
Serum glucose (mmol/L) 9.39 + 4.62 520 +0.75 <0.001
Disease duration of diabetes (years) 7.12 £ 573 / /
Lumbar bone mineral density (g/cm?) 1.06 + 0.16 1.03 £0.16 <0.001

Notes: Mean + SD for continuous variables: P-value was calculated by weighted linear regression model. % for categorical variables: P-value was calculated by

weighted chi-square test.

lumbar BMD in females without DM (= —0.030, 95%
CI: -0.050—-0.009). No significant association was
found in other groups stratified by gender and T2DM
(males with diabetes: = 0.003, 95% CI: —0.013-0.019;
females with diabetes: = 0.006, 95% CI: —0.009-0.021;
males without diabetes: = —0.002, 95% CI: —0.024—
0.020). The results are shown in Table 4.

Associations of Disease Duration of
T2DM and Lumbar BMD

There was no significant association between disease dura-
tion of T2DM and lumbar BMD in both genders in all
three models (in the fully adjusted model, for males: B=
0.001, 95% CI: —0.003-0.006; for females: p= —0.001,
95% CI: —0.004-0.003). The results are shown in Table 5.
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Table 3 Associations Between Serum Glucose (mmol/L) and Lumbar Bone Mineral Density (g/cm?)

Model | B (95% ClI, P)

Model 2 B (95% CI, P)

Model 3 B (95% CI, P)

Total

Males with diabetes
Females with diabetes
Males without diabetes
Females without diabetes

0.003 (0.001, 0.005) 0.002
0.002 (—0.002, 0.005) 0.384
0.003 (—0.001, 0.006) 0.099
—0.011 (-0.019, —0.002) 0.018
—0.017 (—0.026, —0.008) <0.001

0.005 (0.003, 0.007) <0.001
0.003 (—0.001, 0.006) 0.162
0.004 (0.001, 0.007) 0.020
—0.007 (—0.016, 0.001) 0.094
—0.011 (—0.020, —0.002) 0.012

0.003 (—0.000, 0.007) 0.083
0.003 (—0.004, 0.010) 0.349
0.001 (—0.006, 0.008) 0.803
—0.005 (—0.014, 0.005) 0.309
—0.006 (—0.016, 0.003) 0.190

Notes: Model |: no covariates were adjusted. Model 2: age, gender, race were adjusted.

Model 3: age, gender (not adjusted for in the subgroup analyses), race, educational

level, body mass index, ratio of family income to poverty, vigorous recreational activities, smoked at least 100 cigarettes in life, blood urea nitrogen, serum creatinine, total
protein, total cholesterol, alkaline phosphatase, serum uric acid, serum sodium, serum potassium, serum phosphorus, serum calcium, and glycohemoglobin were adjusted.

Table 2 Associations Between Type 2 Diabetes Status and Lumbar Bone Mineral Density (g/cm?)

Model | B (95% CI, P)

Model 2 B (95% Cl, P)

Model 3 B (95% Cl, P)

Non-diabetes
Type 2 diabetes

Reference
0.039 (0.025, 0.052) <0.001

Reference
0.045 (0.031, 0.059) <0.001

Reference
0.035 (0.014, 0.055) <0.001

Males
Non-diabetes
Type 2 diabetes

Reference
0.054 (0.035, 0.074) <0.001

Reference
0.051 (0.032, 0.071) <0.001

Reference
0.033 (0.003, 0.062) 0.029

Females
Non-diabetes
Type 2 diabetes

Reference
0.019 (-0.001, 0.039) 0.057

Reference
0.036 (0.016, 0.055) <0.001

Reference
0.035 (0.008, 0.062) 0.012

Notes: Model I: no covariates were adjusted. Model 2: age, gender, race were adjusted. Model 3: age, gender, race, educational level, body mass index, ratio of family
income to poverty, vigorous recreational activities, smoked at least 100 cigarettes in life, blood urea nitrogen, serum creatinine, total protein, total cholesterol, alkaline
phosphatase, serum uric acid, serum sodium, serum potassium, serum phosphorus, serum calcium, glycohemoglobin, and serum glucose were adjusted.

Table 4 Associations Between Glycohemoglobin (%) and Lumbar Bone Mineral Density (g/cm?)

Model | g (95% CI, P)

Model 2 g (95% ClI, P)

Model 3 g (95% CI, P)

Total

Males with diabetes
Females with diabetes
Males without diabetes

Females without diabetes

0.007 (0.003, 0.011) <0.001
0.004 (—0.005, 0.013) 0.361
0.006 (—0.002, 0.014) 0.124
—0.009 (—0.028, 0.011) 0.386
—0.057 (—0.076, —0.038) <0.001

0.010 (0.005, 0.014) <0.001
0.006 (—0.002, 0.014) 0.171
0.008 (0.001, 0.015) 0.033
—0.017 (-0.037, 0.003) 0.087
—0.034 (—0.053, —0.015) <0.001

—0.002 (—0.010, 0.007) 0.712
0.003 (—0.013, 0.019) 0.723
0.006 (—0.009, 0.021) 0.423
—0.002 (—0.024, 0.020) 0.843
—0.030 (—0.050, —0.009) 0.005

Notes: Model |: no covariates were adjusted. Model 2: age, gender, race were adjusted. Model 3: age, gender (not adjusted for in the subgroup analyses), race, educational
level, body mass index, ratio of family income to poverty, vigorous recreational activities, smoked at least 100 cigarettes in life, blood urea nitrogen, serum creatinine, total
protein, total cholesterol, alkaline phosphatase, serum uric acid, serum sodium, serum potassium, serum phosphorus, serum calcium, and serum glucose were adjusted.

Table 5 Associations Between Disease Duration of Diabetes (Years) and Lumbar Bone Mineral Density (g/cm?)

Disease Duration of Diabetes

Model | B (95% CI) P value

Model 2 g (95% CI) P value

Model 3 g (95% CI) P value

Total
Males
Females

0.002 (—0.001, 0.004) 0.197
0.004 (—0.000, 0.007) 0.057
—0.000 (—0.004, 0.003) 0.761

0.002 (—0.000, 0.004) 0.116
0.003 (—0.000, 0.007) 0.080
0.000 (-0.003, 0.003) 0.824

0.001 (—0.002, 0.003) 0.565
0.001 (—0.003, 0.006) 0.502
—0.001 (—0.004, 0.003) 0.670

Notes: Age, race, educational level, body mass index, ratio of family income to poverty, vigorous recreational activities, smoked at least 100 cigarettes in life, blood urea
nitrogen, serum creatinine, total protein, total cholesterol, alkaline phosphatase, serum uric acid, serum sodium, serum potassium, serum phosphorus, serum calcium,
glycohemoglobin and serum glucose were adjusted.

showed that participants with T2DM had significantly
higher lumbar BMD compared with those without DM,
and T2DM duration was not associated with lum-
bar BMD.

Discussion

This study investigated the relationships of T2DM,
serum glucose, HbAlc, and disease duration of T2DM
with lumbar BMD. In summary, our results mainly
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DM and osteoporosis are both frequent disorders.
However, The correlation of T2DM with BMD remains
unclear. Our results support the findings in which those
individuals with T2DM had an increased BMD in compar-
ison to those without DM.'*"'® T2DM paradoxically asso-
ciated with increased risk of fracture and normal or higher
BMD."?** The reduction of bone strength associated with
T2DM may not reflect in the BMD measurement.
Clinically, DXA has been a gold standard tool to evaluate
bone quality. However, DXA-based BMD is 2-dimen-
sional and cannot express other indicators that reflect
bone strength, such as advanced glycation end products
in bone collagen.?'** The results of the Vietnam
Osteoporosis  Study suggested that participants with
T2DM have greater trabecular but lower cortical BMD
that results in lower bone strength.*>** For older adults
with T2DM, more frequent falls caused by complications
from poor balance resulting from neuropathy, cerebral
ischemia, and impaired eyesight could also increase frac-
ture risk.”” The different conclusions of the relationship
between T2DM and BMD may be attributed to the differ-
ences in the selection of patients, BMD examination tech-
nology and sites, and study design. Patients with T2DM
commonly had a higher BMI,*® which was a protective
factor for osteoporosis.”’ Therefore, in this study, we
adjusted for many factors that might influence T2DM or
BMD. Besides, gender may have a critical effect on the
relationship of T2DM with BMD. Thus, we performed
subgroup analyses stratified by gender in each multivari-
able logistic regression analysis.

Growing evidence suggested that hyperglycemia may
impair bone matrix formation and biochemical
competence.”® In a retrospective cross-sectional study in
Taiwan, Li et al'” found a positive correlation between
blood glucose level and BMD. However, another study
conducted in China revealed that two-hour plasma glucose
had a negative correlation with lumbar BMD.?’ In our
study, the mean serum glucose in the subjects with
T2DM was much higher than those without DM.
However, after controlling for the confounders, there was
no significant association between serum glucose and lum-
bar BMD in both genders with or without DM. These
conflicting conclusions may be attributed to the heteroge-
neity among these studies, including differences in parti-
cipants selection, study size, study designs, and controlled
confounders.

HbAlc has been used as a measure of DM control and
the parameter in relation to the risk of complications for

decades.**>! Compared with oral glucose tolerance test,
HbAlc level is more comfortable to determine because it
is independent of patient prandial status.>? A retrospective
case-control study conducted in Singapore showed that
participants with HbAlc <6% exhibited an increased risk
of hip fracture than those with HbAlc >8%.*° On the
contrary, a cohort study in Taiwan showed that patients
with T2DM whose HbAlc >9.0% were more likely to
have a hip fracture.** In our study, no significant associa-
tion between HbAlc and lumbar BMD was found in both
genders with T2DM.

The data collection in NHANES is carried out follow-
ing standardized protocols, and NHANES is designed to
provide nationally representative estimates. Therefore, the
current findings had a high degree of generalizability. Our
study has several limitations. First, duo to the smaller
number of participants with measured fasting plasma glu-
cose and unpublished fasting glucose data of NHANES
2017-2018, there is a possibility that participants with DM
based on fasting plasma glucose levels were misclassified,
which might cause bias in the estimation of the total
number of DM. Second, there was no distinction between
types of DM in the NHANES database. Following the

method of previous studies,>~°

we excluded participants
with age of DM onset before age 30 to minimize the
number of participants with TIDM. Third, self-reported
confounders might be susceptible to self-report bias.
Fourth, the nature of the cross-sectional study limited the
conclusions to an association and not causality.

In conclusion, this study indicated that middle-aged
adults with T2DM had significantly higher lumbar BMD
compared with those without DM. To better understand
the mechanisms involved in explaining the relationship
between T2DM and bone health, more longitudinal studies
are needed. Besides, osteoporosis defined by DXA may
have several limitations. Thus, the area of bone health in
DM requires in-depth research in multiple areas such as
diagnostic criteria for osteoporosis, alteration in bone qual-
ity, and methods to investigate bone microarchitecture.
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