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Abstract

Introduction

 Fragility fractures are associated with several factors 
independent of bone mineral density (BMD). There are no 
large prospective, randomized control trials conducted on 
the risk factors for fragility fractures in patients with diabetes 
mellitus. Although, meta-analysis of observational studies 
show a trend toward an increased risk of fragility fractures 
among both type 1 and 2 diabetes mellitus (DM).1,2 The 
increase in fracture risk in patients with type 1 DM is largely 
attributed to a lower BMD.1 However, this association was 
not clearly seen in patients with type 2 DM, who are known 
to have higher BMD levels.2 Other variables  that were 
correlated with fractures among diabetic patients include: 
older age, longer duration of disease, presence of diabetic 
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retinopathy and neuropathy, previous fracture and the use 
of thiazolidinediones. 

 There is paucity of studies on fracture risk among Filipinos 
with DM. It is important to gather local data on fracture and 
diabetes as the incidence of both is projected to increase 
with the increasing and ageing population of the country.3 
Furthermore, presence of diabetes increases the morbidity 
associated with fractures such as infection, malunion and 
re-operation.4 Recognition of risk factors for fragility fractures 
that can be modified among population at risk such as those 
with diabetes can help us be vigilant on the screening and 
management of such factors. 

 This study aims to characterize the osteoporosis risk 
factors of patients admitted for fragility fracture comparing 
patients with DM and those without diabetes mellitus. 
Specifically, it aims to analyze the risk for fragility fractures 
with regards to its association with the following:  clinical 
profile, fracture site, BMI, BMD and HBA1C. 
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Introduction: Diabetes mellitus (DM) has been associated 
with increase in incidence of fracture irrespective of bone 
mineral density (BMD). There is a paucity of local studies on 
the relationship of DM, osteoporosis, and fracture. This study 
aims to compare the osteoporosis risk factors of patients with 
and without DM admitted for fragility fracture.

Methods: This is a retrospective cross-sectional analysis of 
patients 40 years and above admitted for fragility fracture 
in Makati Medical Center from January 1, 2015 to December 
31, 2017.

Results: A total of 132 (32%) patients with DM and 285 patients 
without DM (non-DM) was reviewed. Mean BMI of DM 
patients was significantly higher (25.16 kg/m2) compared to 
non-DM patients (23.27 kg/m2) (P=0.0003). Likewise, presence 
of comorbidity, specifically hypertension, was significantly 
higher among DM patients (79.55%) as compared to only 
61.75% among non-DM patients (P=0.0003). There was no 
significant difference found between the two groups in terms 
of age, gender, proportion of multiple fractures, smoking 

status, alcohol use, history of fracture and average BMD. 
Fracture sites were the same for the two groups except in 
fracture involving finger/toe which was significantly higher in 
DM patients (P=0.0113). Association between BMI and BMD 
among DM patients indicate a positive linear relationship 
(Pearson r of 0.4262) where a higher BMI will likely result 
to a higher BMD. (P=0.0237). The correlation of HbA1C of 
DM group patients was noted to have a negative linear 
relationship with BMD with Pearson r=0.4126 (P= 0.0451).

Conclusion: Among patients admitted for fragility fracture 
in Makati Medical Center from 2015 to 2017, clinical 
profile were similar whether in the DM group or non-DM 
group except for an increase mean BMI and presence of 
comorbidity among the DM group. There is also a significant 
difference in the fracture site according to BMI among both 
groups. A higher BMI was associated with higher BMD only 
in patients with DM. Poor glycemic control was associated 
with lower BMD. 
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Methods

 This is a retrospective cross-sectional study of patients 
admitted for fragility fractures at the Makati Medical Center 
from January 1, 2015 to December 31, 2017. Patients who 
were included in the study were: patients 40 years and 
above admitted  for fragility fractures; defined as fractures 
that occurred with fall from a standing height or less. 
Excluded were: patients with fractures on the head, face 
and neck; patients whose case are readmission for the same 
fracture; patients with high-trauma fracture including those 
resulting from fall from more than a standing height, work or 
industry-related injuries, vehicular accident, crush injuries, or 
sports-related injuries; patients with known thyroid disorder,  
hyperparathyroidism, malignancy, or diagnosed with end 
stage renal disease on or not on hemodialysis; patients 
maintained on steroids for more than three weeks prior to 
admission or with history of treatment with anti-resorptive 
agents. Records of patients were identified from the medical 
records section through ICD code and individually reviewed 
via electronic charts. The consistent identification of DM in 
the history, diagnosis, endocrinology consultation sheet, 
pre-operative assessment form, laboratory results and 
medication sheet in the individual chart of each patient was 
used to categorized eligible patients to the diabetic group 
(DM group) and non-diabetic group (non-DM group). 

 The minimum required sample size, at 95% confidence 
level and 80% power of test, was 261 non-DM patients and 
131 DM patients for a total of 392 patients. This was based 
on the previous results of the study of Shah V, where the 
incidence of fracture events is 3.1% for patients without DM.1 
In this study, the hypothesized incidence of fractures among 
DM patients will be at 11% to attain a significant difference 
from the non-DM group.

 Clinical and demographic data, through a standardized 
data collection sheet, were collected. These include age, 
sex, weight, height, history of previous fracture, number of 
fracture, fracture site/s, history of smoking and alcohol intake 
and bone mineral density result if available. The presence 
of comorbidities such as hypertension, arrhythmia, ischemic 
heart disease, stroke, seizure disorder, dementia and 
chronic obstructive pulmonary disease was also recorded. 
BMI was calculated as the quotient of weight in kilograms 
and height in meter squared and was classified according 
to international classification of WHO as to underweight 
(less than 18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight 
(25-29.9 kg/m2) and obese (30 kg/m2 and above). BMD 
considered in this study was the result of central dual energy 
X-ray absorptiometry (DXA) scan and expressed as the 
lowest T-score among any of the sites (spine, femoral neck, 
forearm)  measured. This was further classified according to 
WHO criteria as to normal, osteopenia or osteoporosis if the 
T score is above -1.5, between -1.5 and -2.5 and -2.5 and 

below respectively. Additionally, among DM patients, data 
on the duration of diabetes and HbA1C result taken during 
admission or within the past three months were gathered.

 Descriptive statist ics such as mean and standard 
deviation were used to present the results for contiguous 
variables, while frequency and proportion for categorical 
data. In comparing DM and Non DM group, student t-test 
was util ized for continuous variables, while comparing 
proportion or percentage was done using chi square test. 
Lastly, Pearson-r correlation was also utilized to determine 
degree of relationship between BMD and BMI in both groups 
and HbA1C and BMD among DM group. All test were done at 
5% significant level.
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Table II. Comparison between patients with (DM) and without diabetes mellitus 
(Non-DM) according to fracture site

Fracture site DM 
n=132 (%)

Non-DM 
n=285 (%) p-value

Ankle 10 (7.46) 21 (7.37) 0.9740ns

Clavicle 3 (2.24) 2 (0.70) 0.1774 ns

Elbow 3 (2.24) 8 (2.81) 0.7354 ns

Femoral shaft 1 (0.75) 4 (1.40) 0.5703 ns

Finger/toe 3 (2.24) 0 (0.00) 0.0113*
Forearm 2 (1.49) 4 (1.40) 0.9426 ns

Hip 53 (39.55) 128 (44.91) 0.3047 ns

Humerus 12 (8.96) 22 (7.72) 0.6667 ns

Knee 6 (4.48) 17 (5.96) 0.5377 ns

Rib 7 (5.22) 6 (2.11) 0.0884 ns

Spine 5 (3.73) 18 (6.32) 0.2811 ns

Wrist 27 (20.15) 52 (18.25) 0.6449 ns

Proximal tibia 2 (1.49) 5 (1.75) 0.8473 ns

*Significant at 5% Level, ns not significant, Chi Square Test

Table I. Comparison of clinical profile between patients with (DM) and without 
diabetes mellitus (Non-DM)

Profile DM 
(n=132)

Non-DM 
(n=285) p-value

Age, mean±sd 72.52±11.92 70.71±15.46 0.2361ns

Age (Median) 73 73 0.3761 ns

Gender
Female
Male

77.3
22.7

78.6
21.4 0.7611 ns

BMI, mean±sd 25.16±4.92 23.27±4.55 0.0003*
Underweight 10 (7.57) 44 (15.44) 0.0262*
Normal 69 (52.27) 146 (51.23) 0.8435ns
Overweight 33 (25.0) 72 (25.26) 0.9547 ns
Obese 20 (15.15) 23 (8.07) 0.0272*

Smoker, n(%) 18 (13.6) 28 (9.8) 0.2484 ns

Alcohol Use >2 units/d, n(%) 3 (2.27) 2 (0.70) 0.1709 ns

Presence of Comorbidity, n(%) 105 (79.55) 176 (61.75) 0.0003*
History of Previous Fracture, n(%) 10 (7.58) 18 (6.32) 0.6329 ns

Subjects with Multiple Fractures, n(%) 2 (1.52)
n=28

5 (1.75)
n=44 0.8598 ns

Average BMD, mean±sd  -3.36±1.1  -3.09±1.08 0.3014 ns

*Significant at 5% Level, ns not significant, BMI body mass index, Student t test 
for Age, BMI, Mann Whitney U test for Age (median), Chi Square test for BMI Cat-
egory, Fractures, Smoker, Alcohol, History of Previous Fracture and Comorbidity
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 The protocol of this study was approved by the 
Institutional Review Board prior to implementation with 
adhere to the ethical principles set out in guidelines. 

Results

 A total of 833 cases of admissions for fracture were 
identified, 583 of these were adjudged to be fragility 
fractures. After applying the exclusion criteria, a total of 417 
cases were included in the final analysis: 132 patients with 
DM and 285 patients without DM. All DM patients included 
were identified to be type 2 DM. The mean duration of DM 
was 11±10 years while the mean HbA1C was 7.3±2%. 

 The demographic characteristics of the study population 
categorized into DM group and Non-DM group is listed in 
Table I. The mean BMI of DM patients is significantly higher 
(25.16 kg/m2) compared to non-DM patients (23.27 kg/m2) 
(P=0.0003). Based on BMI classification, the proportion of 
normal and overweight category of the two group was not 
significantly different. However, there were more obese 
patients in DM group (P=0.0272); and more underweight 
patients in non-DM group (P=0.0262)

  Comparison between the two groups in terms of fracture 
site (Table II) showed no significant difference between 
patients DM and non-DM groups except on the finger/toe 
where a significantly higher occurrence of fracture on this 
site was observed among DM group patients (2.24%) as 
compared to 0% for non-DM patients (P= 0.0113). 

 Table III shows that among DM group patients, hip 
fracture was signif icantly higher in patients who are 
categorized as underweight to normal BMI Category (50.6%)  
compared to only 24.5% of patients who are categorized 
as overweight to obese (P=0.0028). Similar result was 
obtained among non-DM patients (P=0.0159). Wrist fracture 

was significantly higher in non-DM patients who are from 
overweight to obese category (27.4%) compared to only 
15.3% patients who are categorized as underweight to 
normal BMI (P=0.0149).

 Result of BMD was only available in 28 out of 132 DM 
patients and 44 out of 285 non-DM patients. Generally 
low BMD was noted in 98.6% of patients who had BMD 
measurement in both groups. There was no significant 
difference between the mean BMD of DM patients and 
non-DM patients  (P=0.3014) as shown in Table I. Furthermore, 
when BMD was further categorized into: normal, osteopenia 
or and osteoporosis, there was also no significant difference 
between the two groups, as shown in Table IV.
  
 There was significant association between BMI and BMD 
among DM group patients (P=0.0237) as shown in Figure 1. A 
positive linear relationship (Pearson r of 0.4262) was shown, 
where a higher BMI will l ikely result to a higher BMD. This 
relationship was not seen among non-DM group patients 
(P=0.6562). 

 Among DM patients, HbA1C was noted to be significantly 
correlated with BMD (P=0.0432) as shown in Figure 2. There 
was an inverse relationship (Pearson r of -0.4126) wherein a 
higher Hb1Ac will likely result in a lower BMD.

Table III. Body mass index category and fracture site

Site
BMI BMI reclassify

p-value
Underweight Normal Overweight Obese Underweight to normal Overweight to obese

Among patients with diabetes mellitus
Ankle 0 (0.0) 5 (7.2) 4 (12.1) 1 (5.0) 5 (6.3) 5 (9.4) 0.5102ns

Hip 6 (60.0) 34 (49.3) 11 (33.3) 2 (10.0) 40 (50.6) 13 (24.5) 0.0028*
Humerus 10 (10.0) 5 (7.2) 2 (6.1) 4 (20.0) 6 (7.6) 6 (11.3) 0.4701 ns

Wrist 3 (30.0) 6 (8.7) 7 (21.2) 11 (55.0) 19 (24.1) 18 (34.0) 0.2164 ns

Others 0 (0.0) 19 (27.5) 9 (27.3) 2 (10.0) 9 (11.4) 11 (20.8) 0.1416 ns

Among patients without diabetes mellitus
Ankle 1 (2.3) 12 (8.2) 6 (8.3) 2 (8.7) 13 (6.8) 8 (8.4) 0.6258 ns

Hip 30 (68.2) 63 (43.2) 25 (34.7) 7 (30.4) 93 (48.9) 32 (33.7) 0.01590*
Humerus 1 (2.3) 11 (7.5) 5 (6.9) 3 (13.0) 12 (6.3) 8 (8.4) 0.5132 ns

Knee 2 (4.5) 8 (5.5) 6 (8.3) 1 (4.3) 10 (5.3) 7 (7.4) 0.4824 ns

Spine 4 (9.1) 9 (6.2) 3 (4.2) 2 (8.7) 13 (6.8) 5 (5.3) 0.6238 ns

Wrist 0 (0.0) 29 (19.9) 19 (26.4) 7 (30.4) 29 (15.3) 26 (27.4) 0.0149*
Others 6 (13.6) 14 (9.6) 8 (11.1) 1 (4.3) 20 (10.5) 9 (9.5) 0.7926 ns

*Significant at 5% Level, ns not significant, Chi Square Test Table IV. Comparison between patients with diabetes mellitus (DM) and without 
diabetes mellitus (non-DM) according to bone mineral density (BMD) classifica-
tion

BMD vategory DM 
n=28 (%)

Non DM 
n=44 (%) p-value

Normal 0 (0.0) 1 (2.13) 0.4402 ns

Osteopenia 6 (21.43) 12 (25.53) 0.6931 ns

Osteoporosis 22 (78.57) 34 (72.34) 0.5558 ns

*Significant at 5% Level, ns not significant, Chi Square Test
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Discussion

 In this study, patients admitted for fragility fractures are 
older with mean age of 72-73 years old. This is in contrast 
with the study conducted in Taiwan where type 2 DM was 
associated with increased fracture risk among patients 
younger than 70 years old.5 Female to male ratio was also 
similar in both DM and non-DM groups with women largely 
accounting for more than 70 percent of the population. 
There was no significant difference as to smoking habit, 
alcohol intake and history of fracture in both groups. This is 
similar to the study of Asokan et al.6 Body mass index was 
noted to be higher among patients with DM probably since 
the population is composed of patients with type 2 DM. This 
result is similar to a prospective study done by  Janghorbani 
et al.7

 Significantly increased frequency of comorbidity in 
patients with DM reflects the association of DM with chronic 
co-morbid conditions. In this study, hypertension was noted 
to be the most common co-morbidity identified in both DM 
and non-DM groups. This may be due to relative increase 
in age of the study population and a consequent increase 
tendency to have essential hypertension. In the study of 
Asokan et al, hypertension was also significantly higher in 
the group with DM (49%) than group non-DM (29%) although 
their population is much younger.6 Other comorbidities 
identified such as post-stroke, cardiac arrhythmia, ischemic 
heart disease, seizure disorder, and dementia might have 
contributed to the risk of falling and subsequent fracture 
independent of BMD.

 The number of fracture sites  was not significantly 
different between the group of DM and non- DM. Most of 
the fractures occurred in the hip, wrist, humerus and ankle 
for both groups. In the literature, fragility fractures are more 
common in the hip, wrist, spine, and proximal radius.8 In our 

study population, spine fracture only ranked fifth among 
the fracture sites. This probably reflects an under reporting 
since vertebral fractures would usually present as height loss 
and/or back pain and may be misdiagnosed without the 
benefit of radiologic imaging. Since this is a retrospective 
study, there was no active surveillance of vertebral fracture 
done. In one study among patients with type 1 DM, most 
fracture occurred in the ankle/metatarsal.9 Similarly in our 
study, finger/toe fracture was found to be significantly 
higher in patients with DM. These sites may be affected by 
neuropathy as well as small vessel disease as a consequence 
of DM therefore increasing risk for fracture on this site.

 In our study hip fracture was the most common fracture 
site accounting for more than 40% of all fragility fractures. 
This was noted to be more frequent among patients who 
are both underweight and those with normal BMI equally 
seen in both DM and non-DM groups. This is similar to other 
studies that low BMI is associated with a substantial increase 
in fracture risk.10 The mechanism for this has not been 
fully elucidated but  speculated to be a result of muscle 
weakness, nutritional deficiencies of protein or vitamin D, 
decreased padding over the greater trochanter or a greater 
liability to fall. On the other hand, we also found a significant 
increase of wrist fracture among overweight/obese patients. 

Figure 1. Scatter plot between bone mineral density (BMI) and body mass index (BMI) in patients with DM (A) with resulting Pearson r of 0.4262 (P=0.0237) and patients 
without DM (B) with resulting Pearson r of -0.0667 (P=0.6562).

Figure 2. Scatter plot between bone mineral density (BMD, T-score) and HbA1c.
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This is similar with the findings of Khan and Fraser who also 
observed a significantly higher frequency of wrist fracture 
among overweight and obese type 1 DM patients.9 This 
may be because the most common mechanism in a wrist 
fracture is fall on an outstretched arm for which force may 
be greater in overweight/obese patients. 

 The finding of low BMD was consistent with the findings 
of Posen et al in which 69% to 100% of patients with fragility 
fracture who underwent BMD testing across 20 intervention 
studies had low BMD.11 Meanwhile, there was no significant 
difference in the mean BMD as well as the proportion of 
patients with low BMD between the DM and non-DM group 
in contrast to the previous local studies where patients with 
DM were found to have higher BMD.12-13 However, it should be 
taken in account that not all patients included in the study 
had available BMD results. Those who underwent BMD might 
have high pre-test probability of having low BMD hence the 
difference between the DM and non-DM group may not 
have been reflected.

 Increased BMI was associated with increase in 
BMD among DM patients. This is similar with the findings 
of Vestagaard et al where they noted that BMI was a 
significant predictor of BMD in patients with type 2 DM but 
not significantly so in patients with type 1 DM.10 The increased 
BMD as a result of an increased BMI among patients with 
DM may misclassify patient to a lower probability of fracture 
and therefore may underscore the need for pharmacologic 
therapy. This further suggests that BMD may not be a good 
predictor of fracture risk among patients with type 2 DM.
 
	 Poor	glycemic	control	(Hb	A1c	levels	≥	7.5%),	irrespective	
of diabetes duration, is associated with increased fracture 
risk.14 Complications of DM such as neuropathy, peripheral 
arterial disease and retinopathy which increase in incidence 
with more exposure to hyperglycemia, may also increase 
fracture risk.

 This study has its limitations: data collection is limited 
to whatever is contained in the chart precluding possible 
bias in some of the variables included in the analysis; only 
20% of study population has BMD study on record. A more 
conclusive evidence for possible causality with regards to 
development of fragility fracture among diabetic patients 
is better ascertained using a prospective longitudinal study. 

Conclusion

 Among patients admitted for fragility fracture in Makati 
Medical Center from 2015 to 2017, clinical profile were 
similar in both the DM group and non-DM group except for 
a significantly higher  mean BMI and number of comorbidity 
among the DM group. There is also a significant difference 
in the fracture site according to BMI among both groups. A 

higher BMI was associated with higher BMD among patients 
with DM only although the number of patients analyzed 
are too small and skewed. Poor glycemic control (HBA1C > 
7.3%) was significantly associated with lower BMD and thus 
increasing the risk for fragility fracture.
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