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Introduction

Diabetes mellitus (DM) especially Type 2
is known to be closely related with bone metabolic
disorders such as osteoporosis and pathologic
fractures. This will not only result in increased medical
costs, but also on the morbidity and mortality of patients
with type 2 diabetes mellitus (T2DM). Assessing the
factors that influence the incidence of osteoporosis in
patients with T2DM is very important. Knowing and
predicting these factors will be very helpful for clinicians
in preventing the incidence of osteoporosis as well as
counseling to patients and their families.

Osteoporosis  is

Abstract

BACKGROUND: Type 2 diabetes mellitus (DM) may increases the risk of osteoporosis due to impaired osteoblast
and osteoclast function, which affects the morbidity and mortality rates of DM patients. Not many studies investigating
the relationship of DM with osteoporosis.

AIM: The purpose of this study was to evaluate the duration of DM, hemoglobin A1c (HbA1c), alkaline phosphatase
(ALP), and C-reactive protein (CRP) levels as risk factors for osteoporosis.

METHODS: Case control study was performed on a total of 44 samples that consist of ostoporosis group and
non-osteoporosis group. Difference of HbA1c, ALP, and CRP between groups was evaluated using Chi-square test.

RESULTS: Based on statistical analysis, we found that the duration of DM Type Il 25 years (p = 0.002, odds ratio
[OR] 11.08), HbA1c levels 27% (p = 0.027, OR 5.4), ALP 2130 IU/L (p = 0.045, OR 5.2), and CRP 23 ng/dL (p =
0.033, OR 4.67) were significant risk factors for osteoporosis. Based on multivariate analysis with logistic regression,
we found that risk factors for the duration of DM Type Il 25 years had the greatest strength of association with
osteoporosis.

CONCLUSION: In DM patients, duration of DM 25 years, HbA1c levels 27%, ALP 2130 IU/L, and CRP 23 ng/dL are
predictor factors for osteoporosis that can be used in clinical practice. These risk factors can be used as evaluation
parameters for DM patients who are suspected to have osteoporosis.

is increasing from year to year [1]. In 2013, an
increase in the prevalence of osteoporosis in women
aged 50-80 years was found by 23%. Statistical data
shows that the prevalence of hip fractures related to
osteoporosis in 2050 will increase to 6.3 million people,
with more than half of them in Asia [2].

In the other side, the incidence of T2DM is still
considered a major public health problem. There were
approximately 536.6 million (10.5%) people worldwide
experience DM in 2021 [3]. The prevalence of T2DM
in Indonesia is also increasing from year to year, with
6.9% in 2013 and increased to 8.5% in 2018 [4]. The
previous studies reported that DM is a risk factor for
osteoporosis [5], [6], [7]. Chronic hyperglycemia in DM

skeletal is known as a direct or indirect cause that interferes

systemic

disorder in the form of low bone mass and abnormal

microarchitecture changes that
of fracture. As the most common bone metabolic
disorder, data from the Ministry of Health of Republic
of Indonesia show that the incidence of osteoporosis

with osteoblast function and impairs the process of

risk bone formation [5].

increase the

Several factors that were reported increase the
incidence of osteoporosis in patients with T2DM were
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hemoglobinA1c(HbA1c)levelsatinitialdiagnosis, insulin
resistance, and inflammatory biomarkers [8]. Other
study was also mentioned the significant association
between of age at diagnosis, gender, menstrual status,
body mass index, C-reactive protein (CRP) levels,
alkaline phosphatase (ALP) levels, and HbA1c levels
toward osteoporosis [9].

This multifactorial cause of osteoporosis
in T2DM patients is very important to identify at the
initial examination. This can facilitate the prevention
of osteoporosis and low energy fractures in T2DM
patients, which finally could improving the patient’s
quality of life. There were only few numbers of available
study regarding osteoporosis in T2DM patients, and the
result was stillinconsistent. Moreover, no related studies
have been carried out in Indonesia. This study aimed to
identify the risk factors for osteoporosis in patients with
T2DM. The results of this study are expected to provide
fracture prevention in patients with T2DM and improve
the patient’s quality of life.

Materials and Methods

This research was conducted within Ethical
Committee approval by Research Ethics Commission
Faculty of Medicine, Universitas Udayana/Prof. Dr. |. G.
N. G. Ngoerah Hospital Denpasar. All study participants
were given an explanation regarding the study and
were asked to fill out written informed consent before
enrollment.

This is a case—control study to determine the
effect of T2DM duration, HbA1c, ALP, and CRP toward
the changes bone mineral density (BMD) levels which are
markers of osteoporosis. The research was conducted
at the diabetic center, radiology department, and clinical
pathology laboratory at Prof. Dr. I. G. N. G. Ngoerah
Hospital Denpasar from February 2022 to April 2022.

The study subjects were all patients with T2DM
who visited diabetic center in our hospital during the
study period. The inclusion criteria were: (1) Women
aged <50 years or men aged <70 years; (2) patients
with T2DM; (3) the patient is cooperative with the
examinations performed; and (4) willing to participate
in the research by signing an informed consent. The
exclusion criteria were: Patients with comorbidities
(hepatic  dysfunction, human immunodeficiency
virus disease, malignancy, chronic kidney disease,
hyperthyroidism), patients with congenital bone
disorders, taking long-term medications such as
corticosteroids, patients with autoimmune disorders
(rheumatoid arthritis, systemic lupus erythematosus),
and patients with impaired mobility.

Minimum sample size calculation was
performed using the two unpaired category formula,

with minimum sample of 44 patients. The study subjects
were recruited using purposive sampling technique.
The case group was defined as osteoporosis patient
(T score <-2.5 based on BMD) and control group was
defined as non-osteoporosis patient (T score 22.5
based on BMD). The participant underwent DEXA
examination for BMD measurement, continued with
venipuncture for HbA1c, ALP, and CRP. There was no
fasting or special diet requirement before venipuncture.
We took minimum 1 mL of blood and stored it into
ethylenediaminetetraacetic acid vacutainer, mix the
tube, and immediately sent to clinical pathology
laboratory.

Data analysis was performed using SPSS
software. Descriptive analysis was used to describe
samples characteristics in each group. Bivariat analysis
was performed using Chi-square test to evaluate the
odd of each osteoporosis risk factor. The data will be
presented in odds ratio (OR) and 95% confidence
interval (Cl). p < 0.05 was considered as statistically
significant.  Multivariate analysis using logistic
regression was performed to analyze the risk factors
which were significant in bivariate analysis (p < 0.2).

Results

There were a total of 44 samples included in
this study, consisting of 22 case and 22 control. The
characteristics of the study subjects are shown in
Table 1.

Table 1: Subjects characteristics

Variable n (%)
Osteoporosis Not osteoporosis

Gender

Male 13(59.1) 8(36.4)

Female 9 (40.9) 14 (63.6)
Duration of T2DM

>5 years 19 (86.4) 8(36.4)

<5 years 3(13.6) 14 (63.6)
HbA1c

7% 18 (81.8) 10 (45.5)

<7% 4(18.2) 12 (54.5)
ALP

2130 IU/L 12 (54.5) 3(13.6)

<130 IU/L 10 (45.5) 19 (86.4)
CRP

23 ng/dL 17 (89.5) 11 (44.0)

<3 ng/dL 2(10.5) 14 (56.0)

HbA1c: Hemoglobin A1c, ALP: Alkaline phosphatas, CRP: C-reactive protein, T2DM: Type 2 diabetes
mellitus.

Based on bivariate analysis using Chi-square
test, we found that the duration of DM Type Il =25 years
(p = 0.002, OR 11.08), HbA1c levels 27% (p = 0.027,
OR 5.4), ALP 2130 IU/L (p = 0.045, OR 5.2), and CRP
23 ng/dL (p 0.033, OR 4.67) were significant risk factors
for osteoporosis (Table 2).

Based on multivariate analysis with logistic
regression, we found that Type 2 diabetes mellitus
(T2DM) duration =5 years had the greatest association
with osteoporosis compared to other variables (Table 3).
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Table 2: Bivariate analysis

Variable T2DM Group p OR (95% Cl)
Osteoporosis (%)  Not osteoporosis (%)

Duration of T2DM
25 years 19 (86.4) 8(36.4) 0.002  11.08 (2.48-49.46)
<5 years 3(13.6) 14 (63.6)

HbA1c
27% 18 (81.8) 10 (45.5) 0.027 5.4 (1.37-21.26)
<7% 4(18.2) 12 (54.5)

ALP
2130 IU/L 12 (54.5) 3(13.6) 0.045 5.2(1.20-23.15)
<130 IU/L 10 (45.5) 19 (86.4)

CRP
23 ng/dL 16 (72.7) 8(36.4) 0.033  4.66 (1.29-16.76)
<3 ng/dL 6(27.3) 14 (63.6)

DM: Diabetes mellitus, OR: Odd ratio, HbA1c: Hemoglobin A1c, ALP: Alkaline phosphatas, CRP: C-reactive
protein, Cl: Confidence interval

Table 3: Multivariate analysis

Risk factors Exp (B) 95% ClI for Exp (B)

Lower Upper
T2DM duration 25 years 0.621 0.128 3.008
HbA1c 27% 0.194 0.031 1.208
ALP 2130 IU/mL 0.000 0.968 1.031
CRP 23 ng/L 0.219 0.036 1.347

T2DM: Type 2 diabetes mellitus, HbA1c: Hemoglobin A1c, ALP: Alkaline phosphatas, CRP: C-reactive
protein, Cl: Confidence interval.

Discussion

Association between T2DM duration with
osteoporosis

In this study, it was found that DM Type I
=5 years was a risk factor for osteoporosis in patients
with DM Type II. Until now, various studies have found
different findings regarding the relationship between the
duration of T2DM and the incidence of osteoporosis.
Research by Jang et al. in 2018 in South Korea
measured BMD levels in different locations to compare
between participants with a DM duration of 5 years and
those with a duration of DM >5 years. It was found that
the group with a longer DM duration had a lower total
hip and femoral neck BMD compared to those with
a shorter DM duration, even after adjusting for other
risk factors, such as age, body mass index (BMI), and
serum Vitamin D levels [10]. Another study with similar
results also found that the risk of hip fracture due to
osteoporosis increased with a longer DM duration and
found that women with Type 2 diabetes (T2D) duration
of more than 10 years had a 2.30 times higher risk (95
Cl 1.39-3.81) multivariate adjustment for hip fracture
compared to women without diabetes [11]. Similar
results were also obtained in a study in Australia which
found a longer duration of diabetes and was significantly
associated with an increased risk of osteoporotic
fractures. Furthermore, this study suggests that the
associations found may be due to the increased
severity of the disease and increased microvascular
and macrovascular complications in patients with a
longer duration of DM [12].

However, different results have been shown
by several other studies. Brown and Sharpless in 2004
stated that there was no correlation between BMD and
duration of diabetes or current glycemic control (by
HbA1c) in postmenopausal women or children [13].

Research by Goldshtein et al. also found the duration of
diabetes was not a significant indicator of an increased
incidence of fractures with a Hazard Ratio value of 1.12
and 95% CIl 0.94-1.33 [14]. In fact, a meta-analysis by
Vestergaard found that duration of diabetes was not
a significant risk factor for osteoporosis [15]. This is
also similar to a study conducted by Leidig-Bruckner
et al., which found that diabetes has no correlation
with the occurrence of BMD and osteoporosis [16].
Another study conducted in Turkey also has the same
conclusion that there is no relationship between the
duration of diabetes and bone density [17].

Association between HbA1c levels in
T2DM patients with osteoporosis

In this study HbA1c level 27% was found to
be a risk factor for osteoporosis in patients with T2DM.
Severalrisk factors for osteoporosis have beenidentified,
some of which are highly complex due to the multiple
mechanisms involved, such as in T2D. T2D affects
sugar, fat, and protein metabolism as well as causing
dysregulation of calcium, phosphorus, and magnesium,
which in turn triggers a series of complications, such as
neuropathy, cardiovascular disease, peripheral blood
vessels, retinopathy, and metabolic bone disease [18].

Results from our research is in accordance with
the study of Lin et al. which stated that T2DM patients
with HbA1c levels of more than 7% had a higher risk of
osteoporosis 1.49 times significantly higher than those
with HbA1c <7% [19]. Long-term exposure to diabetes
induces changes in bone metabolism and impairs
bone microarchitecture through various mechanisms,
including increased insulin levels, hypercalciuria,
decreased renal function, obesity, further glycation
end products in collagen, angiopathy, neuropathy, and
inflammation. Specifically, insulin stimulates osteoblast
proliferation and differentiation, whereas high glucose
levels directly affect osteoblast metabolism and
maturation by altering gene expression and reducing
bone mineral quality [18].

Different results were obtained in the study
of Oei et al. It was found that patients with diabetes
had higher BMD values when compared to patients
without diabetes in the lumbar spine and neck of the
femur (p < 0.05). Despite a higher BMD and a thicker
femoral cortex over narrower bones, the risk of fracture
remains higher in diabetic patients. Oei et al. argued
that the fragility of bones that appear to be “strong” in
the uncontrolled diabetes group may result from the
accumulation of microcracks and/or cortical porosity,
reflecting disturbances of bone homeostasis [20].
This similarity was also found in another study in
Rotterdam where patients with HbA1c >7% had higher
BMD values than patients without diabetes [21]. In line
with these findings, research from Melton et al. also
found no correlation between HbA1c >7% and BMD
values [22].

716

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Putra et al. Risk Factors for Osteoporosis in Type 2 Diabetes

The association of ALP levels in T2DM
patients with osteoporosis

The results of this study indicate that ALP
levels >130 IU/mL were a risk factor for osteoporosis
in patients with T2DM. As is known so far, ALP plays
a role in bone formation. The increase in ALP in the
collagen matrix phase during the production phase
has a unidirectional correlation in the process of
bone formation. Most studies suggest that in diabetic
patients, there is an imbalance between bone formation
and bone resorption in diabetes [23].

According to previous research by Park, et al.,
serum ALP levels >120 IU/L were associated with
lower BMD compared to serum ALP <120 IU/L [24].
Another study from Chen et al. in 2018 found that total
BMD decreased significantly when ALP increased [9].
Research from Kang et al. found that in patients with a
mean ALP of 120.67 £ 10.6 IU/L, there was a significant
decrease in BMD [25]. Bergman et al. also showed
results that increased ALP affected a decrease in BMD.
However, this is in contrast to a study by Lumachi et al.
which evaluating ALP together with other markers of
bone formation (osteocalcin, collagen Type |, and
BMD) in elderly men without a history of fracture. They
found no association at all between ALP and BMD in
this population [26]. Another study from Malluche et al.
stated that the relationship between BMD and ALP was
not significant after adjusting for age, sex, and BMI [27].

The association between CRP levels in
patients with T2DM and osteoporosis

The results of this study indicate that CRP
levels 23 ng/dL was a risk factor for osteoporosis in
patients with T2DM. In DM patients with osteoporosis,
inflammatory factors such as CRP were found to be
increased compared to DM patients who did not have
osteoporosis [28]. The association between increased
CRP levels in patients with DM and the incidence of
osteoporosis was reported by Mitama et al. that CRP
levels can predict the risk of fracture in men with
HR 1.47 (95% CI 1.02-1.98) and in women with HR
1.47 (95% CI 1.04-1.92) [29].

This is also in line with research conducted by
Ishii et al. that each increase in CRP is associated with
a decrease of 0.16-0.22 SD in the bone strength index
and at CRP levels above 3mg/L; each doubling of CRP
is also associated with a 42% of relative increase in
the non-traumatic fracture rate [30]. The Italian study
investigating 919 lItalian men and women between the
ages of 40 and 79 found that higher CRP levels were
strongly associated with future non-traumatic fractures,
with a relative risk of 9.4 (95% CI, 3.6-24.8) for the
highest T-score (22.5 ~ 3 mg/L) compared to the lowest
T-score (<1.1 mg/L) [31]. Research from Berglundh et
al. states that women with CRP >3 mg/L at ages 75
and 80 have significantly higher rates of bone loss

compared to women with CRP <3 mg/L during 10 years
of follow-up [32].

In contrast to the previous study, Bhupathiraju
et al. found no relationship between CRP concentration
and trabecular bone in postmenopause women with
peripheral quantitative CT [33]. In line with this, an
Australian study conducted among 444 women aged
65 years also found no correlation between CRP
concentrations and BMD as measured by DXA[34]. One
previous study even found high CRP to be associated
with high BMD [35]. Another study by Ganesan
et al. found no correlation between CRP inflammatory
markers and the incidence of osteoporosis, cancer, and
frailty [36].

Conclusion

In T2DM patients, duration of DM =5 years,
HbA1c levels 27%, ALP 2130 IU/L, and CRP =3 ng/dL
are predictor factors for osteoporosis that can be used
in clinical practice. These risk factors can be used as
evaluation parameters for T2DM patients to prevent
osteoporosis and pathological fracture.
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