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Abstract

Introduction- Diabetes mellitus (DM) is a very common disorder with distressing effects on
metabolism causing various complications including bone disorders. The aim of the study was to
assess the occurrence of osteoporosis in diabetics along with other factors, to closely observe the
relation of diabetes with risk of fractures & osteoporosis. Material and method- DM patients
visiting outpatient clinic of GMC (Government medical college), Srinagar, J&K (Jammu &
Kashmir) were recruited in the study along with healthy volunteers as control. Lumbar spine
(LS) and femoral neck (FN) T-score was assessed by DXA (dual x-ray absorptiometry) scan and
then WHO interpretation of T-score was done to evaluate risk of osteoporosis. Data was
analyzed and “P< 0.05 was considered as statistically significant.” Result- Mean difference in
age (between diabetics and control group) and association of gender with diabetes was found
non-significant. The BMI (body mass index), FBS (fasting blood sugar) and HbAlc
(glycosylated hemoglobin) levels were significantly higher in diabetics than non-diabetics. Mean
LS T-score was significantly lower and FN T-score was non-significantly lower in diabetics than
non-diabetics. LS and FN T-score of diabetic males was significantly more than diabetic
females. Risk of osteoporosis was found significantly more in diabetic females than diabetic
males. Conclusion- The Study recommends screening of DM population for bone health
regardless of age and sex. Further for prevention and better management of osteoporosis in DM
patients, clinicians must counsel them regarding adequate nutrient intake for good glycaemic
control and bone health.
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Introduction-

Diabetes Mellitus (DM) is a metabolic disorder which increases global burden day by day. As
per the data by IDF “(International Diabetes Federation)”, the DM had worldwide incidence of
9.3 percent in 2019, which is anticipated to raise up to 10.2 percent by 2030 and then to 10.9
percent by the year 2045.Y) According to a study in 2017, the WHO (World Health Organization)
estimated a total of 422 million inhabitants globally to be diabetics® DM alters the metabolism
of biomolecules of our body leading to a sequence of complications. It also affects the regulation
of minerals like calcium (Ca), phosphorus (P), and magnesium (Mg) consequently causing
metabolic bone diseases i.e osteomalacia, parathyroidism and osteoporosis.®® Among these
disorders, osteoporosis is a clinically quiet disease with higher occurrence as around 125 million
inhabitants in US (United States), Europe, Japan and India were affected.® Osteoporosis and
DM have many factors in common like both are affected by modifications in lifestyle, gender
and age so high chances prevail for their coexistence, mainly in elderly, although actual
prevalence is not fully elucidated.

Osteoporosis is a common metabolic skeletal disease having largely preventable though
devastating effects. Various risk factors for osteoporosis are known and few of them involve
complex multiple mechanisms like DM. However, deteriorating skeletal complications induced
by type 1 and type 2 DM differ noticeably in magnitude probably due to involved cellular and
molecular mechanisms behind them. Further, Asian origin and type 2 DM (T2DM) favors
osteoporosis to be a public health issue in Asian people than other ethnicities.” Few previous
studies reported higher and some reported reduced risk of fractures in diabetics suggesting low
osteoporosis risk in them. Conversely, new clinical researches have reported increased risk of
osteoporosis in diabetics regardless of bone mineral density (BMD) status.®*? Though skeletal
disorders in diabetics have been documented but due to inconsistent results found in prior
studies, the clinical significance & osteoporosis risk in diabetics is still debatable. Hence, there is
a demand for additional research to closely observe the relation of diabetes with risk of fractures

& osteoporosis. So our study aimed to see the occurrence of osteoporosis in diabetics.

Osteoporosis is a disorder having definite combination of tainted bone quality, decreased bone
mass with micro-architectural changes, leading to low bone strength causing upraised risk of
fractures. Till now, the best predictor of osteoporosis is the standard tool used for bone mass
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assessment i.e BMD (bone mineral density) assessed by DXA (dual x-ray absorptiometry). The
primary advantage of DXA scans are that their results can be evaluated considering T-score
(peak bone mass) definition of osteoporosis by the WHO (World Health Organization).
Decreased BMD, fairly well predicts risk of osteoporotic fracture and according to WHO, T-
score of <—2.5 signifies osteoporosis.*? Although this interpretation is widely followed but the
main constraint is that, the considerable BMD overlap happens among patients with and without
consequent fractures as numerous micro-architectural bone properties are not evident by DXA.
Therefore, while assessing diabetics complete risk evaluation for osteoporosis must be done. So
in our study we aimed to observe the association of osteoporosis in diabetics along with

consideration of demographic characteristics and other related risk factors.

Material and Method-

Our study was an observational hospital oriented research, based on cross-sectional study design.
180 DM npatients with age above 18 years of both sex, visiting outpatient clinic of GMC
(Government medical college), Srinagar, J&K (Jammu & Kashmir) from October 2020 to
September 2022 were recruited in study group using convenient sampling method. The age and
sex matched 180 healthy volunteers without diabetes were recruited in control group. The
approval for the research was given by the Institutional ethical committee and the consent was
taken from all the subjects fulfilling inclusion criteria. The subjects having any metabolic
syndrome, any condition affecting metabolism like pregnancy and on drugs affecting our results
were excluded from the study. The patients were diagnosed as diabetics after clinical
examination and investigating their glucose status. To check glucose status of the subjects,
HbAlc (glycosylated hemoglobin) was analyzed and 8-12 hours fasting was suggested to assess
fasting blood sugar (FBS). The diagnosis of diabetes was grounded on WHO criteria of FBS >
126mg/dI™® and HbAlc > 6%. Further to confirm osteoporosis in participants, DXA scan was
done to assess BMD at femoral neck (FN) and lumbar spine (LS) based on T-score. The results
were interpreted according to WHO i.e T-Score >-1 indicates normal BMD, <-2.5 SD signifies
osteoporosis and -2.5 < T-Score <-1 indicates osteopenia.'” The data along with other
demographic variables like age, sex, calculated BMI (body mass index) was tabulated and
analyzed using SPSS 20 statistical software and “P< 0.05 was considered as statistically

significant.”
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Result-

In our study 180 diabetic patients and 180 non-diabetic healthy controls were enrolled. As visible
in table 1, the mean age of diabetics and non-diabetics was almost similar i.e. 55.1 £ 12.70 and
53.8 + 11.80years with statistically non-significant difference between them. In diabetic group
males 94 (52.22%) were more than females 86 (47.77%) and in non-diabetics, the distribution of
males and females was almost similar i.e. 89 (49.44%) and 91 (50.55%). The association of
diabetes with the gender was non-significant. The BMI was found to be more in diabetics (28.8 +
4.30kg/m?) than non diabetics 26.8 + 4.40kg/m?). The FBS and HbAlc levels were high in
diabetics i.e. 178 + 21.01mg/dl and 7.28 £ 1.19% when compared to non diabetics i.e. 87 %
14.02mg/dl and 4.2 + 1.01% respectively. The difference in mean BMI, FBS and HbAlc was
calculated to be significant. Further to check BMD status of the subjects, T- score by DXA scan
was assessed of LS and FN. Table 1 clearly shows that T score of both, LS and FN was higher in
non diabetics (-0.39 + 1.59 and -0.93 + 1.48) than diabetics (-1.71 + 1.66 and -1.75 £+ 1.18). The
difference in mean of LS T-score between diabetics and non-diabetics was statistically
significant although difference in FN T-score was assessed to be non-significant. According to
WHO, the T-score of both the groups was interpreted into three classes i.e normal, osteopenia
and osteoporosis. If any T-score disconcordance was observed at the two sites (LS and FN) then
the major class was considered. As visible from figure 1, higher number of non-diabetics 125
(69.44%) were having normal BMD than diabetics 92 (51.11%). Osteopenia and osteoporosis
was found to be more in diabetics i.e. 20 (11.11%) and 68 (37.77%) when compared to non-
diabetics i.e. 14 (7.77%) and 41 (22.77%) respectively. Our study documented significant
association of diabetes with the classes based on WHO interpretation of T-score.

Table 1- Profile of diabetic and non-diabetic group.

Parameter Diabetics Non-Diabetics p-value

Age (years) 55.1+12.70 53.8 +11.80 0.3151

Gender Males 94 (52.22%) 89 (49.44%) 0.5980
Females 86 (47.77%) 91 (50.55%)

BMI (kg/m?) 28.8 +4.30 26.8 + 4.40 < 0.0001

FBS (mg/dl) 178 + 21.01 87 + 14.02 < 0.0001

HbA1c (%) 7.28+1.19 42+101 < 0.0001

T-score LS -1.71 +1.66 -0.39 + 1.59 0.0626

FN -1.75+£1.18 -0.93+1.48 < 0.0001

WHO T-score Normal 92 (51.11%) 125 (69.44%) 0.0016
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interpretation Osteopenia 20 (11.11%) 14 (7.77%)
Osteoporosis 68 (37.77%) 41 (22.77%)

WHO Interpretation of T score

69.44%

H Normal
70.00% W Osteopenia
Osteoporosis

51.11%
60.00%

50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Diabetics Non-Diabetics

Figure 1- WHO Interpretation and classes based on T score of diabetics and non-diabetics.

Table 2 shows T- Score and its WHO interpretation among males and females of both groups.
LS and FN T-score of diabetic males i.e. -0.77 + 1.77 and -1.54 £ 1.23 was higher than females
i.e. -1.66 + 1.54 and -1.97 + 1.14 respectively. Our study observed the difference in mean of T
score of both sites between diabetic males and females to be statistically significant. Similarly
LS and FN T-score of non-diabetic males i.e. -0.30 £ 1.60 and -0.90 + 1.37 was also assessed to
be higher than females i.e. -0.47 £ 1.57 and -0.96 £ 1.58 respectively. Although our study did not
observe any significant difference in mean of T score of both sites between non- diabetic males

and females.

As visible from table 2, the current study reported higher number of diabetic males i.e. 57
(60.63%) to have normal BMD than diabetic females i.e. 35 (40.69%). Osteopenia and
osteoporosis was seen to be more in diabetic females i.e. 13 (15.11%) and 38 (44.19%) than
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diabetic males i.e. 7 (7.44%) and 30 (31.91%) respectively. Our study observed significant
association of gender with the classes based on WHO interpretation of T-score in diabetics.
Similarly our study observed higher number of non-diabetic males i.e. 65 (73.03%) to have
normal BMD than non-diabetic females i.e. 60 (65.93%). Osteopenia and osteoporosis was
reported to be upraised in non-diabetic females i.e. 8 (8.79%) and 23 (25.27%) when compared
to non-diabetic males i.e. 6 (6.74%) and 18 (20.22%) correspondingly. However, association of
gender with the classes based on WHO interpretation of T-score in non-diabetics was analyzed to

be non-significant.

Table 2--T- Score and it’s WHO interpretation among males and females of both groups.

T- Score and it’s WHO interpretation Males Females p-value
Diabetics LS -0.77 £ 1.77 -1.66 + 1.54 0.004
FN -1.54 +1.23 -1.97+1.14 0.0163
Non-Diabetics LS -0.30 + 1.60 -0.47 £ 1.57 0.4728
FN -0.90 £ 1.37 -0.96 £ 1.58 0.7860
Diabetics Normal 57 (60.63%) 35 (40.69%) 0.0216
Osteopenia 7 (7.44%) 13 (15.11%)
Osteoporosis 30 (31.91%) 38 (44.19%)
Non-Diabetics Normal 65 (73.03%) 60 (65.93%) 0.5847
Osteopenia 6 (6.74%) 8 (8.79%)
Osteoporosis 18 (20.22%) 23 (25.27%)

Discussion-

DM is one of the widespread disorders and its numerous complications including bone
involvement affect many tissues and can badly influence quality of life. The current study was
done among DM patients visiting outpatient department of GMC, Srinagar, J&K to see
association of diabetes with osteoporosis. In our study, the mean age and gender distribution
among diabetics and non-diabetics was almost comparable although males were bit more in
diabetics. The mean difference in age (between diabetics and control group) and association of
gender with diabetes was found non-significant. A report by Yingke Xu & Qing Wu“® is in
agreement with our findings of mean age and sex distribution as they also observed more males
in diabetic and females in non-diabetic group. Another study by Lin H-H et al.“” also supported
our findings although they observed significant mean age difference among the groups. However

mean age found by Kirkizlar TA et al.*® was bit upraised (60.07+6.99years) than our study. The
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mean BMI, FBS and HbAlc levels in present study were significantly higher in diabetics when
compared to non-diabetics. These findings are strongly in agreement with study by Lin H-H et
al."” as they also observed significant findings. Further to check risk of osteoporosis, LS and
FN T- score was assessed by DXA scan. According to WHO, for healthy bones T-score should
be >-1. The current study assessed significantly lower mean LS and non-significantly lower FN
T-score in diabetics (< -1) than non-diabetics (>-1), which signifies that diabetics are more at
risk of bone disorders. A study by Mohammad Ali Bayan et al.* also observed similar findings
of higher T-score in non-diabetics although T-score was <-1 in both the groups. In contrast to
these findings Kirkizlar TA et al.*® reported disconcordance in mean LS (>-1) and FN T-score
(<-1) indicating healthy bones and bone involvement respectively in diabetics. The present study
observed significantly higher osteoporosis in diabetics. This finding is in well harmony with the
outcomes of study by Lin H-H et al.*” as they suggested a significantly higher osteoporosis risk
among diabetics. However this is in disagreement with study by Mohammad Ali Bayan etal.**)
The possible reason behind our result might be prolonged diabetes as hyperglycemia through
several means like raised AGEs (advanced glycation end products), obesity, angiopathies,
neuropathies, hypercalciuria, decreased kidney function, inflammation etc encourage impairment
in bone micro-architecture and bone metabolism.®?” Hyperglycemia and related
hyperosmolarity also hold back the gene expression of osteoblast maturation. Further it adds on
to calcium homeostasis imbalance by suppressing formation of bone and increasing rate of

resorption of bone.

The present study also compared of T-score and risk of osteoporosis among diabetic and non-
diabetics males and females. In our study, LS and FN T-score of diabetic males was significantly
raised than diabetic females. However it was non-significantly higher in non-diabetic males
when compared to non-diabetic females. Our outcome is in concordance with the findings by
Leidig-Bruckner et al.®? As far as risk of osteoporosis is concerned based on WHO
interpretation of T-score, risk of osteoporosis was found significantly more in diabetic females
than diabetic males. This finding is in harmony with the study by Wen et al.*? and Leidig-
Bruckner et al.*Y) However our study reported non-significantly upraised risk of osteoporosis in
non-diabetic females when compared to non-diabetic males which is in contrast to findings of

Wen et al.®” as they observed significantly higher osteoporosis in non-diabetic females. The
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reason behind our outcome of diabetic or non-diabetic females being at higher risk of
osteoporosis might be the mean age of our study. The mean age of our study for both the groups
was near 50years which is the menopausal age for women and studies have already proven that
risk of osteoporosis increases after menopause in women“®#%) as their bone mass declines
about 12 to 20 percent in initial 5years. Thus, reduced peak bone mass and estrogen insufficiency

after menopause provokes elevated risk of fractures in women than men.

Conclusion-

DM is a very common disorder with distressing effects on metabolism. TIDM or T2DM
patients, both are at increased risk of osteoporosis. T-score assessment for BMD measurement by
DXA scan is good tool to assess risk of osteoporosis along with consideration of other factors.
Our study suggests vigorous screening of population at high risk for prevention and better
management of osteoporosis. Our findings stress the call for clinicians to screen bone health in
all DM patients regardless of age and sex and counsel them about sufficient intake of Ca, vitamin

D and other nutrients related to bone health along with good glycaemic control.

Funding- Nil

Conflict of interest- None

References-

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the
international diabetes federation diabetes atlas, 9(th) edition. Diabetes Res Clin Pract.
2019;157:107843.

2. World Health Organization. Global Report on Diabetes. Geneva, Switzerland: World Health
Organization; 2016.

3. Murray CE, Coleman CM. Impact of diabetes mellitus on bone health. Int J Mol Sci. 2019; 20(19).
https://doi.org/10.3390/ijms20194873 PMID: 31575077

4. Rangel EB, Rodrigues CO, de Sa JR. Micro- and macrovascular complications in ciabetes mellitus:
preclinical and clinical studies. J Diabetes Res. 2019; 2019:2161085. https://doi.org/10.1155/2019/
2161085 PMID: 30911551

5. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its
complications. Nat Rev Endocrinol. 2018; 14(2):88-98. https://doi.org/10.1038/nrendo.2017.151
PMID: 29219149

6. International Osteoporosis Foundation. The global burden of osteoporosis: a factsheet. Available at:
https://www.iofbonehealth.org/ data-publications/fact-sheets/global-burden-osteoporosis. Accessed 7
May 2017.

759



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833  VOL14, ISSUE 09, 2023

Abdulameer SA, Sahib MN, Sulaiman SAS. The Prevalence of Osteopenia and Osteoporosis Among
Malaysian Type 2 Diabetic Patients Using Quantitative Ultrasound Densitometer. Open Rheumatol J.
2018;12:50-64. https://doi.org/10.2174/1874312901812010050

Bai J, Gao Q, Wang C, Dai J. Diabetes mellitus and risk of low-energy fracture: a meta-analysis.
Aging Clin Exp Res. 2020; 32(11):2173-2186. https://doi.org/10.1007/s40520-019-01417-x PMID:
31768878

Fan Y, Wei F, Lang Y, Liu Y. Diabetes mellitus and risk of hip fractures: a meta-analysis. Osteoporos
Int. 2016; 27(1):219-228. https://doi.org/10.1007/s00198-015-3279-7 PMID: 26264604

Formiga F, Freitez Ferreira MD, Montero A. [Diabetes mellitus and risk of hip fracture. A systematic
review]. Rev Esp Geriatr Gerontol. 2020; 55(1):34-41. https://doi.org/10.1016/j.regg.2019.08.009
PMID: 31668564

Koromani F, Oei L, Shevroja E, Trajanoska K, Schoufour J, Muka T, et al. Vertebral Fractures in
Individuals with type 2 diabetes: more than skeletal complications alone. Diabetes Care. 2020;
43(1):137-144. https://doi.org/10.2337/dc19-0925 PMID: 31658976

Moayeri A, Mohamadpour M, Mousavi SF, Shirzadpour E, Mohamadpour S, Amraei M. Fracture
risk in patients with type 2 diabetes mellitus and possible risk factors: a systematic review and meta
analysis. Ther Clin Risk Manag. 2017; 13:455-468. https://doi.org/10.2147/TCRM.S131945 PMID:
28442913

J. A. Kanis, J.-P. Devogelaer, and C. Gennari, “Practical guide for the use of bone mineral
measurements in the assessment of treatment of osteoporosis: a position paper of the European
Foundation for Osteoporosis and Bone Disease,” Osteoporosis International, vol. 6, no. 3, pp. 256—
261, 1996

American Diabetes A. Standards of medical care in diabetes--2011. Diabetes Care. 2011;34 Suppl
1:S11-61

National Osteoporosis Foundation. Clinician’s Guide to Prevention and Treatment of Osteoporosis
2010. http://www.nof.org/professionals/clinicalguidelines. (Accessed 2012/9/10)

Yingke Xu & Qing Wu, Trends in osteoporosis and mean bone density among type 2 diabetes
patients in the US from 2005 to 2014 Scientifc Reports (2021) 11:3693,
https://doi.org/10.1038/s41598-021-83263-4

Lin H-H, Hsu H-Y, Tsai M-C, Hsu L-Y, Chien K-L, Yeh T-L (2021) Association between type 2
diabetes and osteoporosis risk: A representative cohort study in Taiwan. PLoS ONE 16(7): e0254451.
https://doi.org/10.1371/journal. pone.0254451

Kirkizlar TA, Aktuglu MB. The incidence of osteoporosis and vertebral fracture in women with
postmenopausal type 2 diabetes mellitus and predisposing factors of vertebral fractures. Int J Adv
Med 2021;8:1478-82

Bayani MA et al, The Relationship Between Type 2 Diabetes Mellitus and Osteoporosis in Elderly
People: a Cross-sectional Study, Int. Biol. Biomed. J. Winter 2016; Vol 2, No 1, Page 39-46
Pouresmaeili F, Kamalidehghan B, Kamarehei M, Goh YM. A comprehensive overview on
osteoporosis and its risk factors. Ther Clin Risk Manag. 2018; 14:2029-2049.
https://doi.org/10.2147/TCRM. S138000 PMID: 30464484

Leidig-Bruckner et al.: Prevalence and determinants of osteoporosis in patients with type 1 and type 2
diabetes mellitus. BMC Endocrine Disorders 2014 14:33

Wen Y, Li H, Zhang X, Liu P, Ma J, Zhang L, Zhang K and Song L (2021) Correlation of
Osteoporosis in Patients With Newly Diagnosed Type 2 Diabetes: A Retrospective Study in Chinese
Population. Front. Endocrinol. 12:531904. doi: 10.3389/fend0.2021.531904

Kakkar, R. Rising burden of diabetes-public health challenges and way out. Nepal J. Epidemiol. 6,
557-559. https://doi.org/10.3126/ nje.v6i2.15160 (2016).

Benoit, S. R., Hora, I., Albright, A. L. & Gregg, E. W. New directions in incidence and prevalence of
diagnosed diabetes in the USA. BMJ Open Diabetes Res. Care 7, €000657.
https://doi.org/10.1136/bmjdrc-2019-000657 (2019).

760


https://doi.org/10.2174/1874312901812010050
https://doi.org/10.1038/s41598-021-83263-4
https://doi.org/10.1371/journal.%20pone.0254451

Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833  VOL14, ISSUE 09, 2023

25. Foundation,l.O.Understanding the results of your DXA test. https://www.iofonehealth. org/news/
understanding-results-yourdxa-test (2016).

761



