Original Article

Osteoporosis in Otherwise Healthy Patients with Type 2
Diabetes: A Prospective Gender Based Comparative Study
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Background and Objective: Type 2 diabetes mellitus (T2DM) may affect bone loss differentially in adult males and postmenopausal females.
We evaluated the prevalence of osteoporosis in otherwise healthy adults with T2DM. Materials and Methods: In a cross-sectional study,
adults with T2DM, aged 50 years and above, were evaluated for bone mineral density (BMD) using dual-energy X-ray absorptiometry (DXA)
scan at spine and hip. 7-score of <—2.5 was defined as osteoporosis and score —2.49 to —1.0 as osteopenia at either site. Correlation of low
BMD with demographic, clinical, and laboratory parameters including serum Vitamin D and serum testosterone (in males) was evaluated.
Results: In 200 patients, mean age was 64.5 + 7.0 years and age differed significantly in males and females (P < 0.0001). Osteoporosis was
present in 35.5% adults with T2DM. Significantly greater proportion of females had osteoporosis (49.5% vs. 22.3%, P < 0.0001). Frequency
of osteoporosis at spine (33.5%) was higher than the same at hip (13.5%). Compared to males, significantly greater proportion of females had
osteoporosis and osteopenia at both spine (P <0.0001) and hip (P <0.0001). Among all parameters assessed, a significant positive correlation
of T-score at spine and hip was seen with body mass index in both males (» = 0.287, P =0.003 at spine and » = 0.421, P < 0.0001 at hip) and
females (»=0.291, P=0.004 at spine and »=0.280, P=0.010 at hip). There was no association of Vitamin D deficiency (45.5% patients) with
either 7-score and presence of osteoporosis either at spine (P=0.388 and P=0.177) or hip (P =0.431 and P=0.593). Conclusion: Prevalence
of osteoporosis in otherwise healthy T2DM was 35.5% with greater prevalence in females than males. Body mass but not Vitamin D or
testosterone has an important role in the determination of bone loss in T2DM.
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INTRODUCTION Western studies in that a lower BMD in T2DM was reported

by the most,”' whereas only a few found no difference in
Type 2 diabetes mellitus (T2DM), a chronic multisystem  BMD in T2DM compared to control.l'* To further ascertain the
disorder, is known to increase fractures risk.l'! With  prevalence of osteoporosis in T2DM, we assessed the BMD at
increasing age, the risk of diabetes and osteoporosis spine and hip in otherwise healthy T2DM patients from Jaipur,

both increases WhiCh. can lead to greater incidence of  Rajasthan, India and determined correlation of the osteoporosis
fractures.>*! Although individuals with T2DM show higher  with various biochemical parameters.

bone mineral density (BMD), a higher fracture risk exists.
U341 pathophysiologically, impaired bone repair resulting from
accumulation of microcracks and increased cortical porosity is MareriaLs aND MerHops

reported.’3 Osteoporosis is more frequent in postmenopausal This cross-sectional, observational study was conducted
women. Postmenopausal women with type 1 diabetes are ~ ata te.rtiary care center in a tier I Metro city. of Rajasthan,
reported to have 12.25 times increased risk of hip fractures ~ India in T2DM patients. After ethical committee approval,
than nondiabetic women.!”! A greater degree of osteopenia and

os.teoporoms[gas also been repor.ted in postmenopausal women Address for correspondence: Dr. Balram Sharma,
with T2DM.!"! In these perspectives, we need to look at Indian SMS Medical College and Hospitals, JLN Road, Jaipur, Rajasthan, India.
population in a different way because of cultural diversities. E-mail: drbalramendo@gmail.com
Clinical studies in India have revealed contrasting results to
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consecutive 200 cases of T2DM were enrolled over 2 years
between January 2015 and December 2016. Patients of
age 50 years and above, either gender, and new or known
T2DM were included in the study. Patients diagnosed
with diabetes-associated micro- and macro-vascular
complications, chronic smokers, chronic kidney disease,
primary hyperparathyroidism, thyroid disorders, obvious
bone and mineral disorders, chronic pancreatitis or
pancreatectomized, systemic inflammatory disorders,
malabsorption syndromes, malignancy, or those receiving
corticosteroids, immunosuppressants, anticonvulsants,
calcium, and Vitamin D supplements, thiazolidinediones,
and insulin, and chronic debility or bedridden patients were
excluded from the study.

Recruited patients were subjected to clinical history and detailed
examination, biochemistry evaluation, and BMD assessments.
Age, gender, weight, and body mass index (BMI, kg/m?) of all
patients were noted. Blood samples were collected in fasting
state and were analyzed for serum calcium, phosphorus, total
protein, albumin, alkaline phosphatase (ALP), intact parathyroid
hormone (iPTH), thyroid stimulating hormone (TSH), Vitamin
D, and testosterone levels (ADVIA Ccentaur XP Immunoassay
Siemens Limited, Germany). Strict cold chain was maintained
for sample subjected to iPTH assessments.

BMD was analyzed at two sites — spine and hip using
DXA (Hologic explorer DXA system, USA). For each
site, calibration was performed before taking scans in each
patient. Proper positioning was ascertained before and during
the scans. A trained technician performed DXA scans in all
patients enrolled. 7-scores were calculated. As recommended
by the World Health Organization,!'Y a T-score of 2.5 or lower
was considered as osteoporosis at either site while 7-score
between —1.0 and —2.5 was considered as osteopenia.

Statistical analysis

Data were analyzed with descriptive statistics representing
continuous variables by mean + standard deviation and
categorical variables by frequency and percentages. Statistical

comparison in these two variables was done using two sample
Student’s #-test and Chi-square test, respectively. Correlation
between different variables and 7-scores was assessed with
Pearson coefficient. P <0.05 was considered statistically
significant.

ResuLts

In 200 patients evaluated in our study, mean age was
64.5+7.0 years and BMI was 26.0 + 4.8 kg/m?. In two genders,
mean age was significantly lower (P <0.0001) and mean BMI
was significantly higher with a higher proportion of females in
overweight/obese category as compared to males (P < 0.0001
for all comparisons). Baseline characteristics of patients are
shown in Table 1. In overall study population, mean level of
serum calcium (9.0 = 0.6 mg/dL), ALP (81.6 + 29.0 U/L),
iPTH (51.8 £ 30.7 pg/mL), and TSH (3.4 + 3.6) was within
normal limits with no significant differences in their levels in
males and females. Serum phosphorus though in normal limits
and marginally higher in females than males, a statistically
significant difference was present (P =0.001) whereas albumin
was marginally but significantly lower in females (P = 0.025).
Mean Vitamin D level was 23.9 + 14.0 mg/dL with no
significant difference in two genders (P = 0.624). Vitamin D
deficiency (levels <20 ng/dL) was present in 45.5% with near
equal distribution in males and females (44.7% vs. 46.4%,
P = 0.806). Mean serum testosterone levels in males were
354.6 = 131.8 ng/dL. Osteoporosis defined by 7T-score <—2.5
at spine and/or hip was seen in 35.5% cases where proportion
of females was significantly higher than males (49.5% vs.
22.3%, respectively, P < 0.0001) [Figure 1]. Similarly, when
T-score was assessed at two sites, osteoporosis was evident in
33.5% and 13.5% patients at spine and hip, respectively. Mean
T-score at hip and spine was significantly lower in females.
Furthermore, significantly higher proportion of females had
osteoporosis and osteopenia at spine (47.4% and 41.2% vs.
20.4% and 38.8%, respectively, P <0.0001) and spine (19.6%
and 58.8% vs. 7.8% and 44.6%, respectively, P < 0.0001) as
shown in Table 2.

Table 1: Baseline characteristics of study population

Characteristic Total (n=200) Male (n=103) Female (n=97) P
Age (years) 64.5£7.0 65.445.3 62.0+£6.3 <0.0001
Weight (kg) 66.0+11.7 67.3+11.9 64.7+11.3 0.116
BMI (kg/m?) 26.0+4.8 24.443.8 27.7+£5.2 <0.0001
BMI >25 (kg/m?) 108 (54.0) 43 (41.7) 65 (67.0) <0.0001
Serum calcium (mg/dL) 9.0+0.6 8.9+0.6 9.0+0.6 0.204
Serum phosphorus (mg/dL) 3.6+0.6 3.54£0.5 3.7+0.5 0.001
Serum albumin (g/dL) 4.1+0.3 4.1+0.3 4.0+0.2 0.025
Serum ALP (U/L) 81.6+£29.0 79.6£30.0 83.7+£27.8 0.318
Serum iPTH (pg/mL) 51.8+£30.7 48.1£30.9 55.8+30.1 0.076
Serum Vitamin D (ng/dL) 23.9+14.0 23.4+13.3 24.4+14.8 0.624
Serum Vitamin D <20 (ng/mL) 91 (45.5) 46 (44.7) 45 (46.4) 0.806
Serum TSH (mmol/L) 3.443.6 2.9+1.7 3.9+4.4 0.053
Serum testosterone (ng/dL) - 354.6+£131.8

BMI: Body mass index, ALP: Alkaline phosphatase, iPTH: Intact parathyroid hormone, TSH: Thyroid-stimulating hormone
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Correlations between various parameters and 7-score at two
sites in total population and in males and females are shown
in Table 3. Only BMI showed consistent positive correlation
with 7T-score in total population which was significant at
hip (» = 0.182, P = 0.010). Furthermore, at spine and hip,
there was a significant correlation seen in females (» = 0.291,
P =0.004 and r = 0.280, P = 0.006, respectively) and
males (r = 0.287, P = 0.003 and » = 0.421, P < 0.0001,
respectively). Serum phosphorus correlated negatively with
T-score at spine only (» = —0.144, P = 0.042) but not at hip.
There was no significant correlation seen with age, serum
calcium, serum albumin, ALP, iPTH, serum Vitamin D, TSH, or
testosterone (in males only) at either site [ Table 3]. Association
of Vitamin D deficiency with T-scores is described in Table 4.
Mean 7-scores at spine and hip were slightly lower in patients
with vitamin deficiency but did not reach statistical significance.
Compared to patients with normal levels of Vitamin D,
proportion of patients with osteoporosis (7-scores < —2.5) was
non-significantly lower in patients with Vitamin D deficiency
at spine and hip.

Discussion

In this cross-sectional evaluation, overall osteoporosis was
present in 35.5% of patients with T2DM. This is greater compared
to finding of Kamalanathan ez al.""> who reported osteoporosis in
19.5% of patients with T2DM. Osteoporosis prevalence defined
by T-score <—2.5 at spine was slightly greater than at hip (33.5%
vs. 13.5%, respectively) with a similar trend seen in males (20.4%
vs. 7.8%, respectively) and females (47.4% vs. 10.6%,
respectively). This observed prevalence of osteoporosis in men at
hip is similar to finding of Agrawal and Sharmal'® who reported
the prevalence of 8.5% at hip. However, our finding contrasted
to the evaluation from Leidig-Bruckner ez a/.l'”} in patients with
T2DM who reported the greater prevalence of osteoporosis at
hip (13% men and 21.9% women) than at spine (6.1% men
and 9.4% women). This finding needs further exploration to
determine the factors that could contribute to greater bone loss
at spine (trabecular bone) than hip (cancellous bone).

A greater occurrence of osteopenia and osteoporosis in
females than males is possibly attributable to postmenopausal
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Figure 1: Osteoporosis in overall population and in two genders

osteoporosis in women. As the age of study population was
50 years and above, the osteoporosis was greater in females
even though the mean age was significantly lower than
males (P < 0.0001). The average age of menopause in Indian
women is 46.2 years as against the 51 years in the Western

Table 2: Bone mineral density distribution at different
sites

T-score Total Male Female P
(n=200) (n=103) (n=97)

Spine

Mean+SD -1.7+1.6 —1.2+1.7 -2.3+1.3 <0.0001

<25 67 (33.5) 21 (20.4) 46 (47.4) <0.0001

-2.49--1.0 80 (40.0) 40 (38.8) 40 (41.2)

>-1.0 53 (26.5) 42 (40.8) 11 (11.3)

Hip

Mean£SD —1.3+1.1 —0.90+1.1 -1.6£1.0 <0.0001

<25 27 (13.5) 8 (7.8) 19 (19.6) <0.0001

-2.49--1.0 103 (51.5) 46 (44.6) 57 (58.8)

>-1.0 70 (35.0) 49 (47.6) 21 (21.6)

SD: Standard deviation

Table 3: Correlation of patient characteristics with bone
marrow density at different sites

Parameters  Population Spine Hip
r P r P
Age Total 0.118 0.096 0.058 0.414
Females -0.039  0.704 —0.035 0.732
Males -0.001 0996 —0.121 0.224
BMI Total 0.119 0.093 0.182 0.010
Females 0.291 0.004 0.280 0.006
Males 0.287 0.003 0.421 <0.0001
Calcium Total -0.067 0.348 —0.052 0.469
Females -0.091 0374 —0.025 0.812
Males 0.003 0972  —-0.021 0.835
Phosphorus Total —0.144  0.042 —0.084 0.236
Females —0.048  0.641 0.065 0.527
Males -0.072 0470 —0.058 0.560
Albumin Total 0.036 0.609 0.094 0.186
Females -0.149  0.146  —-0.055 0.595
Males 0.050 0.615 0.108 0.276
ALP Total 0.070 0.322  —-0.035 0.623
Females 0.091 0.374  —-0.049 0.633
Males 0.113 0.258 0.018 0.857
iPTH Total -0.094 0.187 —0.056 0.433
Females -0.063  0.542 0.059 0.567
Males -0.044 0.656 —0.074 0.455
Vitamin-D Total -0.080 0.258  —0.088 0.215
Females -0.004 0970 —0.154 0.132
Males -0.132  0.184 —0.013 0.898
TSH Total -0.095 0.183  —0.036 0.615
Females -0.075 0.463 —0.046 0.657
Males -0.167 0.092 —0.070 0.481
Testosterone Males —0.058  0.560 —0.100 0.312

BMI: Body mass index, ALP: Alkaline phosphatase, iPTH: Intact
parathyroid hormone, TSH: Thyroid-stimulating hormone

- Indian Journal of Endocrinology and Metabolism | Volume 21 | Issue 4 | July-August 2017 537




Sharma, ef al.: Osteoporosis in healthy Type 2 diabetes

Table 4: Vitamin D deficiency association with bone
density at different sites

Sites Vitamin D deficiency P
Yes (n=91) No (n=109)
T-score spine
Mean+SD ~1.63+1.67 —1.82+1.6 0.388
<-2.5 (n=67) 26 (28.6) 41 (37.6) 0.177
T-score hip
Mean+SD ~1.19£1.0 ~1.31%1.14 0.431
<-2.5 (n=27) 11(12.1) 16 (14.7) 0.593

SD: Standard deviation

world.I" The bone loss in women is known to accelerate in
late perimenopausal period and continues at the samerate
in postmenopausal phase.l'” T2DM is associated with
deteriorating bone quality increasing the risk of osteoporotic
fractures.” This adds to the bone loss in postmenopausal
phase leading to greater loss of bone in females than males.
We observed significantly lower mean 7-scores in females than
males at spine (P <0.0001) as well as at hip (P <0.0001). This
was further supported by finding of greater proportion females
having 7-score —2.5 or below than males at both sites (spine
P <0.0001 and hip P=10.014).

From among various factors, only BMI showed consistent and
significant positive correlation with 7-scores at spine and hip
in the overall study population (except for spine) as well as in
two genders. Previous studies have reported relation of BMI in
osteoporotic fractures. A study from Norway reported a greater
hazard of hip fracture with lower BMI. Compared to BMI of
22-24.9 females and males, BMI < 22 had hazard ratio (HR)
1.38 and 1.66, whereas BMI of 30 or more had HR of 0.57
and 0.77, respectively."! Patients with BMI > 25 were 54% in
our study with significantly greater proportion of females than
males (67% vs. 41.7%, P<0.0001). In multivariable analysis,
Dutta et al.'V observed a significant positive correlation of
BMI with spine BMD (7= 0.372, P=0.047) in T2DM which
is similar to our observation. Another study from India reported
a positive correlation of BMI with BMD at spine (» = 0.210)
and hip (» = 0.300).”! These findings suggest that mechanical
factors associated with BMI may affect the bone turnover.
Weight is known to affect bone loss from spine and hip.
Finkelstein et al.l'! reported 35%—55% slower rate of bone
loss from spine and hip in women in the top tertile than lowest
weight tertile. This needs further evaluation in Indian subset
on how weight and BMI can affect bone turnover and further
modify osteoporosis fracture risks in females and males.

As the apparent levels of other bone disease markers were
relatively normal and exclusion of major causes of bone
loss, testosterone, and Vitamin D is thought to play a role in
bone loss. However, testosterone in males had no correlation
with T-scores either at spine or hip. Kamalanathan et a/.l'"
also reported no association of testosterone with BMD in a
multivariate analysis. Vitamin D deficiency was present in
45.5% patients with no difference in proportion of males

and females (44.7% vs. 46.4%, P = 0.806). In patients
with or without vitamin deficiency, mean 7-scores did not
differ significantly at spine (P = 0.388) and hip (P = 0.431).
Furthermore, proportion of patients with osteoporosis was
similar in those with or without Vitamin D deficiency. This
finding suggests that there is no association of Vitamin
D with BMD in T2DM. Kamalanathan et al.'> observed
Vitamin D deficiency with osteoporosis in 13/21 males and
12/17 females but found no correlation of BMD with Vitamin
D levels. In patients with T2DM having osteoporosis of hip
and spine, Mathen et al.”’! reported mean Vitamin D level
of 22.53 + 11.4 ng/mL and 20.19 £+ 12 ng/mL, respectively.
Although the levels were insufficient and deficient category,
they found no correlation of Vitamin D with BMD at
hip (» = —0.01) and spine (r = —0.22). Perez-Diaz et al.*?
found no significant relation of Vitamin D with osteoporosis in
women with T2DM. Another study from Rakic et a/.?¥ found
no correlation of Vitamin D with BMD. These findings are
similar to our observations and suggest that Vitamin D may
not have a significant influence on BMD in T2DM demanding
more insights into its molecular mechanisms in bone turnover.

Limitations

We did not assess the factors such as sunlight exposure,
estradiol levels, and lipid levels in relation to BMD in T2DM.
Comparison to control group would have provided differential
effects of factors determining BMD in T2DM. We included
patients above age 50, but inclusion of lower ages may provide
more pathophysiological insights about the disease whether
bone loss starts early in men and even in premenopausal state
in women. Nutritional status and physical activity also need
more detailed consideration, especially in the Indian context
where both are lacking in general. Inclusion of Type 1 diabetes
might have shown a complete picture of glycemic mechanics
influencing the bone turnover as per different metabolic
environments.

ConcLusioN

The prevalence of osteoporosis in otherwise apparently healthy
T2DM adults above 50 years was 35.5% (22.3% in males
and 49.5% females). BMD in spine and hip was significantly
lower in females and males with T2DM. A significant
positive correlation with BMI observed. Testosterone and
Vitamin D did not correlate with BMD demanding further
evaluation. Vitamin D deficiency was prevalent in 45.5%
cases but was not associated with lower BMD. A greater
prevalence of osteoporosis at define by 7-score — 2.5 or lower
at spine (33.5%) than hip (13.5%) demands further evaluation
as to determine factors that may play a role in differential rate
of bone loss from two sites.
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