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ABSTRACT 
 

Introduction: Diabetes mellitus and osteoporosis are two frequent medical conditions with an 
increasing prevalence in elderly. This study is conducted to evaluate osteoporosis in postmenopausal 
females with type 2 diabetes mellitus in Sanandaj, the provincial center of Kurdistan province in the 
west of Iran.  
Methods: From an initial population of 2500 women with type 2 diabetes, 242 postmenopausal 
women were randomly selected and were compared with 221 non-diabetic postmenopausal women, 
matched by age and body mass index (BMI). Bone mineral density (BMD) was measured at the L2–
L4 vertebrae (anteroposterior projection) and femoral neck with dual energy X-ray absorptiometry 
(DXA). The statistical significance was set at a P value of .05 or lower. 
Results: Prevalence of femoral neck osteoporosis in diabetic women was 30.2 percent (73 cases) 
and osteopenia was 48.3 percent (117 cases). Osteoporosis prevalence in spine was 7.9 percent (19 
cases) and ostropenia was 46.3 percent (112 cases). Osteoporosis in both femoral neck (P=0.001) 
and spine (P=0.04) were significantly higher in patients than in controls. Correlation between HbA1c 
and femoral neck (p=0.11, correlation coefficient=0.04) and also spine (p=0.10, correlation 
coefficient= -0.12) T score was not significant. No significant correlation was found between 
osteoporosis with presence of microalbuminuria (P=0.91), retinopathy (P=0.33), hypertension 
(P=0.70), ischemic heart disease (P=0.57) and insulin therapy (P=0.08). 
Conclusion: This study shows that type 2 diabetic patients have significantly lower T score values 
and more frequency of osteoporosis than healthy postmenopausal women.  
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INTRODUCTION 

Osteoporosis is a silent epidemic that 
constitutes a great socio-economic problem, 
with a negative impact both on morbidity 
and mortality (1, 2). It is a bone condition 
defined by low bone mass, increased 
fragility, decreased bone quality, and an 
increased fracture risk. It is the most 
prevalent metabolic bone disease in the 
world (3, 4). It is not symptomatic until 
there is a pathologic fracture. Thus, the true 
occurrence of osteoporosis may be 
significantly underestimated because many 
women who suffer minimal trauma fractures 
still are not being evaluated for osteoporosis 
(5, 6). To this point identifying and 
evaluating populations at increased risk of 
developing osteoporosis is critical to disease 
prevention and management. The extension 
of the average life expectancy of people 
with diabetes has increased its prevalence in 
older age, and it is projected that by the year 
2025, the majority of persons with diabetes 
will be aged 65 years or older (7). This fact 
has increased the significance of 
osteoporosis in such patients. Although 
osteoporosis traditionally has not been listed 
as a complication of diabetes, some of  
anecdotal studies were suggested possible 
increased risk  of osteoporosis in patients 
with either type 1 or type 2 diabetes (8, 9).  
The association between diabetes mellitus 
and osteoporosis remains controversial (9). 
Although the metabolic abnormalities of 
diabetes potentially affect bone metabolism, 
structure and mineral density it is not clear if 
these changes are associated with a 
significant increase in fracture risk (10-12). 
The study was conducted to evaluate 
osteoporosis in postmenopausal females 
with type 2 diabetes mellitus in Sanandaj, 
the provincial center of Kurdistan province 
in the western of Iran in the summer 2007.  
    

METHODS 

Subjects: 
In the study post menopausal diabetic 
women were compared with non-diabetic 

women for osteoporosis. The diabetic 
patients were derived from the Diabetes 
Outpatient Clinic belonging to our 
department. From an initial population of 
2500 women with type 2 diabetes, 242 post 
menopausal women were randomly selected 
and studied. The inclusion criteria for this 
study were having been diagnosed with type 
2 diabetes and having lived with the disease 
for more than 2 years. 
Control group, featuring 221 non-diabetic 
post menopausal women, were matched by 
age and body mass index (BMI). Exclusion 
criteria for all women were the presence of 
any disease or use of medication (including 
hormone replacement therapy) that has a 
known influence on bone metabolism and 
restricted daily activity.  
Study protocol was reviewed and approved 
by local committee of ethics in Kurdistan 
University of Medical Sciences.  
 
Clinical assessment: 
All patients completed a comprehensive 
questionnaire inquiring about their medical 
and lifestyle characteristics (i.e., menopausal 
status, parity, duration of diabetes, 
comorbidities, frequency of hospital 
admissions, details of past fractures, as well 
as alcohol and cigarette smoking habits). 
Body weight was measured in light clothing 
and without shoes, whereas BMI was 
calculated by dividing weight in kilograms 
by height in square meters.   
HbA1c was measured using an automated 
HPLC analyzer. Microalbuminuria was 
taken as urinary albumin excretion 
exceeding 30 mg/dl on a 24-h urine sample 
when two of three tests were positive after 
the exclusion of urinary tract infection, 
uncontrolled hypertension, and heart failure. 
A subject was considered as having 
retinopathy if any grade of retinopathy was 
detected by ophthalmoscopy. 
Cerebrovascular disease status was reported 
from prior hospitalizations. A patient was 
classified as having coronary artery disease 
(CAD) if there was a history of angina, 
myocardial infarction, angioplasty, coronary 
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artery bypass grafting, and/or definite 
myocardial infarction found on an 
electrocardiogram.  
 
Bone density measurements: 
BMD was measured at the L2–L4 vertebrae 
(anteroposterior projection) and femoral 
neck with dual energy X-ray absorptiometry 
(DXA), using the Norland XR- 46 
densitometer (Manufactiuring: 2002, 
Norland medical systems, INC USA). 
Estimation of the frequency of osteopenia or 
osteoporosis was based on the T score value, 
which represents the standard deviations of 
the individual BMD value from the BMD 
value of young sex-matched normal 
people(13). 
The WHO’s operating definitions of 
osteopenia and osteoporosis are, 
respectively, bone density between 1 and 2.5 
standard deviations below the mean value 
and bone density 2.5 standard deviations 
below the mean value for young adult White 
women at the lumbar spine (L1– L4), total 
hip, femoral neck, and radius based on T 
scores (14).  
 

Statistical analysis: 
 Results are expressed as mean ± S.D. values 
and as percentages for the qualitative 
variables. The differences were tested by 
Student’s t test, Chi- sqaure or the 
nonparametric Mann– Whitney U test as 
appropriate. Multiple linear regression 
analysis was used to assess the relationship 
between BMD and affecting parameters. 
Because BMI and calcium intake are known 
to be correlated with change in BMD from 
previous studies, general linear modeling 
was used to compare BMD between the type 
2 diabetes and control groups after adjusting 
for these variables. The statistical 
significance was set at a P value of 0.05 or 
lower. 
 

RESULTS 

We analyzed the data of 242 patients with 
diabetes mellitus and 225 subjects as control 
group. Table 1 shows clinical and laboratory 
characteristics of diabetic patients. In Table 
2 diabetic patients were compared with 
control group.  
 

 
 

Table 1: Demographic, clinical and laboratory characteristics of diabetic women (n=242) 
 

Diabetes Variable Distribution 

Age at diagnosis (years ± S.D)  43.2 ± 7.8 

Symptom of hyperglycemia at diagnosis 41 (16.94%) 

Duration of diabetes (years ± S.D) 5.9 ± 3.7 

HbA1c % 8.1 ± 1.9 

Insulin therapy 40 (16.5%) 

Hypertension  137 (56.6%) 

Retinopathy 38 (15.7%) 

Microalbuminuria 

Ischemic heart disease 

33 (13.6) 

19 (7.8%) 
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Table 2: Comparison of type 2 diabetic women with control subjects 
 

Characteristics Diabetics (N=242) 
Control 

(N=225) 
P Value 

Age (years ± S.D)  53.6 ± 10.59 54.0 ± 8.0 0.59 

Age at menopause (years ± S.D) 45.8 ± 4.9 47.1 ± 5.4 0.29 

BMI (kg/m2, mean ± S.D) 28.6 ± 6.1 27.5 ± 5.7 0.45 

Current smoker 

Alcohol drinker 

21 

0 

14 

0 

0.31 

- 

 
 
 

Table 3: Comparison of T score and BMD between tow groups 
 

 
Diabetics 

(N=242) 

Control 

(N=225) 
P Value 

Femoral neck T score -1.82 ± 1.18 -1.48 ± 1.12 0.002 

Total spine T score (L2–L4) -1.01 ± 1.06 -1.12 ± 0.88 0.20 

Femoral neck osteoporosis* 73 (30.2%) 39 (17.3%) 0.001 

OR=2.06 (1.30 - 3.28) 

Lumbar osteoporosis* 19 (7.9%) 14 (6.2%) 0.04 

OR=2.15 (0.94 - 4.99) 

Femoral neck osteoporosis and osteopenia* 

Lumbar osteoporosis and osteopenia* 

190 (78.5%) 

 

131 (54.1%) 

162 (72.0%) 

 

14 (6.2%) 

0.10 

 

0.09 

* Frequency according to T score 
 
 
Prevalence of femoral neck osteoporosis in 
diabetic women was 30.2 percent (73 cases) 
and osteopenia was 48.3 percent (117 
cases). Osteoporosis prevalence in spine was 
7.9 percent (19 cases) and ostropenia was 
46.3 percent (112 cases). Osteoporosis in 
both femoral neck and spine were 
significantly higher in cases than in controls 
(Table 3). Correlation between HbA1c and 
femoral neck (p=0.11, correlation 
coefficient=0.04) and also spine (p=0.10, 
correlation coefficient= -0.12) T score was 
not significant. No significant correlation 

was found between osteoporosis with 
presence of microalbuminuria (P=0.91), 
retinopathy (P=0.33), hypertension 
(P=0.70), ischemic heart disease (P=0.57) 
and insulin therapy (P=0.08). 
 

DISCUSSION 

According to the results of this study, 
osteoporosis in femoral neck (OR=2.06, CI 
1.30 - 3.28, P=0.001) and spine (OR=2.15, 
CI=0.94-4.99, P=0.04) were significantly 
more prevalent in diabetic women in 
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comparison to control subjects, however 
mean femoral neck T score was lower in 
patients (p=0.002) it was not significant in 
supine (0.20).   
Some studies have investigated effects of 
type 2 diabetes on bone mass in comparison 
to type 1 diabetes. However, the findings are 
inconsistent. Authors have reported lower, 
equal and greater bone mass in people with 
type 2 diabetes relative to diabetes-free 
control subjects (15-18). This persistent 
controversy is probably largely related to the 
complex pathophysiology of type 2 diabetes 
and the vast differences in study designs, 
BMD measurement technology, 
examination of BMDs at different sites, 
selection of patients, and presence or 
absence of complications. 
High frequency of osteoporosis among post 
menopausal diabetic women in our study 
may be as a consequence of lower 
socioeconomic level, scant sun exposure, 
low calcium diet, lack of hormone 
replacement therapy or use of other 
medications to prevent osteoporosis.     
The different insulin levels in type 2 diabetic 
patients, high in new-onset cases and low in 
long-standing cases, might be one of the 
explanations for the contradictory results of 
previous studies (19). Previous studies 
showed a positive correlation of insulin 
levels with BMD because insulin has an 
anabolic effect on bone (20). Moreover, 
there are reports that imply an effect of 
insulin on cortical bone that is different from 
its effect on cancellous bone (21). 
Two studies found that individuals with type 
2 diabetes had lower bone density relative to 
nondiabetic control subjects (15, 22). 
However, one (15) examined people who 
were using insulin to control their diabetes, 
whereas the other study (22) examined 
patients using dietary or oral diabetes 
agents. Two other studies found no 
difference in bone density between type 2 
diabetic patients and control subjects (23, 
24), but they had limited sample size (47 
and 19, respectively); therefore, findings 
may not be applicable to other studies or 

have suffered from low statistical power. 
Authors of one study which was published 
recently, concluded postmenopausal women 
with type 2 diabetes mellitus have higher 
BMD levels than non-diabetic women with 
similar clinical characteristics (25).    
In the present study, mean age of diabetic 
women was 53.6 ± 10.59 which is at least 
10-12 years younger than previous studies. 
This point may explain the effect of type 2 
diabetes mellitus on osteopenia and 
osteoporosis more relevant because 
osteoporosis in older age could be related to 
duration of menopause and hormonal 
deprivation. 
 

CONCLUSION 

In conclusion, this study shows that type 2 
diabetic patients have significantly lower T 
score values and more frequent osteoporosis 
than healthy postmenopausal women. 
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