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Background: Body mass index (BMI) is a risk factor for the type 2 diabetes (T2DM), and T2DM accompanies various complica-
tions, such as fractures. We investigated the effects of BMI and T2DM on fracture risk and analyzed whether the association var-
ied with fracture locations. 
Methods: This study is a nationwide population-based cohort study that included all people with T2DM (n=2,746,078) who re-
ceived the National Screening Program during 2009–2012. According to the anatomical location of the fracture, the incidence 
rate and hazard ratio (HR) were analyzed by dividing it into four categories: vertebra, hip, limbs, and total fracture. 
Results: The total fracture had higher HR in the underweight group (HR, 1.268; 95% CI, 1.228 to 1.309) and lower HR in the 
obese group (HR, 0.891; 95% CI, 0.882 to 0.901) and the morbidly obese group (HR, 0.873; 95% CI, 0.857 to 0.89), compared to 
reference (normal BMI group). Similar trends were observed for HR of vertebra fracture. The risk of hip fracture was most promi-
nent, the risk of hip fracture increased in the underweight group (HR, 1.896; 95% CI, 1.178 to 2.021) and decreased in the obesity 
(HR, 0.643; 95% CI, 0.624 to 0.663) and morbidly obesity group (HR, 0.627; 95% CI, 0.591 to 0.665). Lastly, fracture risk was least 
affected by BMI for limbs.
Conclusion: In T2DM patients, underweight tends to increase fracture risk, and overweight tends to lower fracture risk, but as-
sociation between BMI and fracture risk varied depending on the affected bone lesions.
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INTRODUCTION

Prevalence of diabetes has increased steadily during the last 
decades, leading to worldwide health concerns [1]. According 
to a World Health Organization (WHO) report [2], an esti-
mated 422 million adults with diabetes were living in 2014, 

compared to 108 million in 1980. The age-standardized global 
prevalence of diabetes in 2014 has approximately doubled 
since 1980, rising from 4.7% to 8.5% in adults aged 18 years 
and older. The International Diabetes Federation (IDF) pre-
dicts the global number of diabetic patients and the prevalence 
to be 642 million and 10.4%, respectively in 2040 [3]. Diabetes 
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being a substantial cause of mortality and morbidity world-
wide has become a major public health problem. In 2010, there 
were approximately 1.3 million diabetes-related deaths world-
wide, doubling compared to 1990 [4]. Diabetes is a metabolic 
disorder that greatly alters the body system affecting nearly all 
organs and resulting in various health complications.

Previous studies have shown that individuals with type 1 di-
abetes mellitus (T1DM) have lower bone mineral density and 
higher risk of hip fractures [5]. Although type 2 diabetes melli-
tus (T2DM) also has been reported to show increased risk of 
hip fractures, the results are controversial [6-9]. Recently, even 
prediabetic conditions have been reported to be associated 
with the occurrence of hip fractures [10]. Some studies sug-
gested that various factors, including abnormal bone turnover, 
poor glycemic control and bone loss, may explain the in-
creased risk of fractures in T2DM [11-14]. It is recommended 
by the WHO to use body mass index (BMI) as an important 
indicator for obesity [15]. A higher BMI level is associated with 
a higher prevalence of T2DM, which is known as an important 
risk for hip fractures [16,17]. 

Most studies have focused on hip fractures, and the fracture 
risk according to location of the skeletal lesion is not clear. Few 
studies have investigated the impact of BMI and T2DM in lim-
ited number of bones, and others have investigated whether 
the fracture risk differed depending on skeletal sites. In addi-
tion, the association between BMI and fracture risk in Asian 
populations have been reported, in whom obesity is not as ex-
tensive among diabetic patients as in Western countries [18, 
19]. To fill in this gap, we first aimed to investigate the associa-
tion between BMI and risk of fractures using a large nation-
wide study from health insurance claims data. We further ana-
lyzed whether the association varied by fracture location.

METHODS 

Data source and study population
In this retrospective longitudinal nationwide population-based 
cohort study, we used the Korean National Health Insurance 
System (NHIS) database, a mandatory social medical insur-
ance system run by the Korean government. Those enrolled in 
the health insurance service are recommended to receive 
health check-ups at least biennially. Among the patients who 
underwent health screenings from January 2009 to December 
2012 we focused on patients with T2DM. At that time, enrolled 
diabetes mellitus (DM) patients were linked claim data and 

confirmed by medical details. In other words, definition of 
T2DM included the following criteria: (1) at least one claim 
per year under International Classification of Diseases, 10th 
Edition (ICD-10) codes E11–14 and at least one claim per year 
for the prescription of antidiabetic medication (sulfonylureas, 
metformin, meglitinides, thiazolidinediones, dipeptidyl pepti-
dase-4 inhibitors, α-glucosidase inhibitors, or insulin) or (2) 
fasting glucose level ≥126 mg/dL. Patients who were admitted 
to the hospital more than once or visited the outpatient clinic 
more than twice were also included as T2DM subjects [20]. 

All subjects who underwent health screenings from January 
2009 to December 2012 (n=2,746,078) and conformed to our 
criteria were defined as T2DM. The date of the NHIS medical 
checkup during that window was considered as baseline. Sub-
jects younger than 40 years old and subjects with missing data 
were excluded. Because health information data existed from 
2002, subjects with a history of fracture during a washout peri-
od from January 2002 to December 2008 were excluded. In ad-
dition, those who developed fracture or died within 1 year 
from the health screening day were excluded. The reason for 
excluding the 1-year lag is follows. First, if the period from the 
index date to the occurrence of hip fracture is too short, it is 
difficult to determine whether it is caused by weight change. 
Second, problem of reverse causation may also be raised. After 
all, a total of 2,086,187 participants were included in our study. 
The cohorts were followed from the day a patient received 
health screening, to the occurrence of any fracture, or the last 
follow-up day (December 31, 2018), whichever came first. The 
mean duration of follow-up was 6.56±1.92 years. Flow chart 
depicting the design of study cohorts are shown in Fig. 1. This 
study protocol was reviewed and approved by the Institutional 
Review Board of Soongsil University (SSU-202003-HR-201- 01), 
and was conducted in accordance with the tenets of the Hel-
sinki Declaration. Because all data provided by the NHIDSS to 
researchers were anonymized, he need for informed consent 
was exempted.

Data collection
Information regarding health-related lifestyle (including in-
come level, smoking, drinking, and physical activity), medical 
history, and clinical tests results are included in the question-
naire obtained during the mandatory health screening. In ad-
dition, anthropometric measurements including height, body 
weight, waist circumference and blood pressure are checked 
manually by medical staff on duty during the mandatory 
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health screening. Comorbidities were largely defined using a 
combination of past history (ICD-10 code and self-reported) 
and use of medication history for the corresponding disease. 
Hypertension was defined when at least one claim per year un-
der ICD10 codes I10 or I11 and at least one claim per year for 
the prescription of an antihypertensive agent or systolic/dia-
stolic blood pressure ≥140/90 mm Hg was present. Blood 
samples for the measurement of serum glucose, total choles-
terol, high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol levels and triglycerides were collected after 
fasting overnight. BMI was calculated by dividing the weight 
(in kg) by the square of the height (in m2). We defined obesity 
as BMI ≥25 kg/m2. The participants were then classified into 
the following categories according to The Korean Society for 
the Study of Obesity recommendations: Underweight (BMI 
<18.5 kg/m2), normal (≥18.5 to <23 kg/m2), overweight (≥23 
to <25 kg/m2), obese (≥25 to 30 kg/m2), and morbidly obese 
(≥30 kg/m2) [21,22].

Fracture identification depending on the skeletal lesions
According to the anatomical location of the fracture, the inci-
dence rate (IR) and hazard ratio (HR) were analyzed by divid-
ing it into four categories: vertebra fracture, hip fracture, limbs 
fracture, and total fracture. Participants having ICD-10 codes 

for vertebral fracture (S22.0, S22.1, S32.0, M48.4, and M48.5) 
and who have visited the hospital more than twice due to same 
codes were defined as having vertebral fracture. Likewise, 
those having ICD-10 codes and who have visited the hospital 
more than twice with fracture of upper arm (S42.0, S42.2, and 
S42.3), forearm (S52.5 and S52.6), or lower leg (S82.3, S82.5, 
and S82.6) were classified as having a limb fracture. Because 
almost all elderly with hip fracture requires either surgical 
treatment or supportive care via hospital admission, hip frac-
ture was defined as having ICD-10 codes of hip fracture (S72.0 
and S72.1) and history of hospitalization due to hip fracture. 
Finally, total fractures included fractures of vertebra, limbs, 
hip, and others not listed above (i.e., S02.X for skull fracture, 
S12. X for neck fracture, S62.X for hand, S92.X for foot) [23]. 

Statistical analysis 
Baseline characteristics are presented as mean±standard devia-
tion, median value (interquartile range) or number (%). Differ-
ence between groups in baseline demographic and clinical char-
acteristics were compared using analysis of variance (ANOVA) 
for continuous variables and chi-square test for categorical 
variables. The incidence of fracture occurrence was calculated 
by dividing the number of incident cases by the total follow-up 
duration (person-years). We performed Cox proportional haz-

Fig. 1. Study design and disposition of subjects. NHIS, National Health Insurance System; FPG, fasting plasma glucose; DM, dia-
betes mellitus; F/U, follow-up; BMI, body mass index.

Subjects with type 2 diabetes mellitus who underwent the NHIS 
medical checkup in 2009−2012 (n=2,746,078) 
- FPG ≥126 mg/dL

OR 
- (+) claim history for DM

Subjects who were enrolled in this study (n=2,086,187)

BMI<18.5
(n=28,229)

18.5≤BMI<23 
(n=509,859)

23≤BMI<25 
(n=530,544)

25≤BMI<30 
(n=868,707)

30≤BMI 
(n=148,848)

Subjects who were excluded (n=659,891) 
- subjects aged <40 years (n=210,885) 
- subjects with missing data (n=86,279) 
- subjects with a history of fracture during a washout period from 2001 to 2008 (n=315,480) 
- subjects with new onset of any fracture within 1 year of F/U (n=47,247)
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ard regression, with normal BMI (≥18.5 to <23 kg/m2) as ref-
erence category, to evaluate the risk of fractures. In addition, 
Cox proportional- hazard regression for fracture of vertebral, 
hip, and limbs were conducted to assess whether the associa-
tion between BMI and fracture risk differed depending on the 
affected or fracture lesions. The cox proportional-hazard mod-
el was adjusted for potential confounding variables known to 
predict risk of fracture, which included age, sex, smoke, drink, 
regular exercise, hypertension, dyslipidemia, chronic kidney 
disease (CKD), insulin use, diagnosis of T2DM for more than 
5 years, use of three or more oral hypoglycemic agents, fasting 
glucose level, and height. The proportional hazard assumption 
was checked by visual inspection of stratified –log(–log) sur-
vival curves using tertile classification of continuous variables 
and by the test of Harrel and Lee on Schoenfeld residuals in 
univariate models [24]. The disease-free probability of primary 
outcomes related to the BMI was calculated using Kaplan–
Meier curves, and log-rank test was performed to analyze the 
differences between the groups. HRs and 95% confidence in-
tervals (CIs) for fractures were calculated using a Cox propor-
tional hazards model for each category. In addition, the mortal-
ity rate as a competing risk was analyzed (Supplementary Table 
1). For all statistical analysis, we used SAS version 9.3 (SAS In-
stitute, Cary, NC, USA) with P<0.05 considered as significant. 

RESULTS

Characteristics of each group related to the prevalence of 
obesity and T2DM
Table 1 shows the characteristics of the study population clas-
sified into the five BMI categories. The mean baseline age was 
58.6 years, and 60.2% of the sample were men. The proportion 
of patients with underweight (BMI <18.5 kg/m2) was 1.4% 
(n=28,229) among a total of 2,086,187 subjects, while the pro-
portion of subjects with obesity (BMI >25 kg/m2) was 48.8%. 
The percentages of subjects with obesity among ‘obese’ (≥25 to 
30 kg/m2) and ‘morbidly obese’ (≥30 kg/m2) patients were 
41.6% and 7.1%, respectively. In our data analysis, the lipid 
profile measurements (total cholesterol, triglyceride, low-densi-
ty lipoprotein and high-density lipoprotein) worsened and the 
waist circumference, the prevalence of hypertension, dyslipid-
emia, and cardiovascular disease increased as BMI level in-
creased. On the other hand, the proportion of current smoker, 
subjects with cancer, insulin use, use of three or more oral hy-
poglycemic agents, diabetic duration more than 5 years, and 

fasting glucose level increased as BMI level decreased. The 
proportion of male subjects was low only in the ‘morbidly 
obese’ category, and similar results were seen in the rest of the 
categories. The proportion of low income level and subjects 
with CKD increased among diabetic patients with low and 
high BMI. The proportion of subjects with regular exercise 
habits decreased among diabetic patients with low and high 
BMI. Baseline characteristics of subjects are shown in Table 1. 

Associations of BMI with fracture risk 
To analyze the impact of BMI on the incidence of fracture, we 
divided the population into five groups according to their BMI 
results. The HR was calculated using subjects with normal BMI 
range (18.5 to 23 kg/m2) as the reference group (Table 2). We 
also used the Cox proportional hazard model to analyze the ef-
fects of BMI and T2DM on fracture risk. Results of the three 
models are shown in Table 2. The first model is unadjusted, the 
second is adjusted for age, sex, smoke, drink, and regular exer-
cise, and the third is adjusted for hypertension, dyslipidemia, 
CKD, insulin use, duration of DM for more than 5 years, use of 
three or more oral hypoglycemic agents, fasting glucose level, 
and height in addition to model 2. As for cox regression, total 
fractures were significantly higher in the underweight group 
(adjusted hazard ratio [aHR], 1.268; 95% CI, 1.228 to 1.309) 
and lower in the obese group (aHR, 0.891; 95% CI, 0.882 to 
0.901) and the morbidly obese group (aHR, 0.873; 95% CI, 
0.857 to 0.89). In terms of specific fractures, similar trends 
were observed for vertebra fractures. However, the risk of hip 
fracture was significantly increased in the ‘underweight’ group 
(aHR, 1.896; 95% CI, 1.78 to 2.021) and decreased in the ‘obese’ 
(aHR, 0.643; 95% CI, 0.624 to 0.663) and ‘morbidly obese’ 
group (aHR, 0.627; 95% CI, 0.591 to 0.665), compared to ver-
tebra fractures or total fractures. Lastly, risk of limb fractures 
showed a linear relationship with BMI increase (Table 2). The 
Kaplan–Meier estimations for the incidence probability of the 
risk of fractures according to BMI category are shown in Fig. 2. 

Subgroup analyses and the fracture risk according to BMI 
by age and sex
For subgroup analyses, the subjects were divided into groups 
by age (40–64 and ≥65 years) and sex. The IRs and HRs of 
fractures according to affected bone were investigated for each 
group, and is demonstrated in Table 3. Additional data on P 
value for interaction with CKD, ischemic heart disease (IHD), 
duration of DM ≥5 years, use of three or more oral hypoglyce-
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Table 1. Baseline characteristics of subjects

Characteristic BMI 
<18.5 kg/m2

18.5≤ BMI 
<23 kg/m2

23≤ BMI 
<25 kg/m2

25≤ BMI 
<30 kg/m2

30 kg/m2

≤BMI P value

Number 28,229 509,859 530,544 868,707 148,848

Age, yr 62.09±12.3 59.67±10.78 59.01±10.23 58.03±10.2 55.96±10.37 <0.0001

   40–64 16,058 (56.88) 338,673 (66.42) 368,290 (69.42) 629,148 (72.42) 115,704 (77.73) <0.0001

   ≥65 12,171 (43.12) 171,186 (33.58) 162,254 (30.58) 239,559 (27.58) 33,144 (22.27)

Male sex 17,210 (60.97) 304,295 (59.68) 334,282 (63.01) 531,476 (61.18) 67,657 (45.45) <0.0001

BMI, kg/m² 17.45±0.93 21.43±1.13 23.97±0.57 26.89±1.33 32.17±6.09 <0.0001

Height, cm 161.23±8.99 161.9±8.68 162.55±8.78 162.51±9.05 160.73±9.67 <0.0001

Body weight, kg 45.51±5.67 56.34±6.79 63.54±7.01 71.21±8.55 83.28±11.07 <0.0001

Waist circumference, cm 70.19±7.61 78.15±6.27 83.54±5.98 89.2±6.24 98.45±7.83 <0.0001

Low income 7,639 (27.06) 122,502 (24.03) 121,345 (22.87) 197,752 (22.76) 36,280 (24.37) <0.0001

Current smoker 9,820 (34.79) 139,604 (27.38) 130,901 (24.67) 197,042 (22.68) 28,173 (18.93) <0.0001

Heavy drinker 2,600 (9.21) 45,316 (8.89) 49,937 (9.41) 89,985 (10.36) 13,616 (9.15) <0.0001

Physical activity 4,639 (16.43) 112,193 (22) 121,503 (22.9) 186,105 (21.42) 25,595 (17.2) <0.0001

Hypertension 11,423 (40.47) 244,545 (47.96) 295,440 (55.69) 556,031 (64.01) 111,842 (75.14) <0.0001

Dyslipidemia 6,688 (23.69) 182,595 (35.81) 224,006 (42.22) 405,561 (46.69) 77,205 (51.87) <0.0001

Cancer 1,194 (4.23) 14,623 (2.87) 12,135 (2.29) 17,799 (2.05) 2,871 (1.93) <0.0001

Chronic kidney disease 3,445 (12.2) 57,084 (11.2) 60,285 (11.36) 101,953 (11.74) 18,230 (12.25) <0.0001

Cardiovascular disease 2,728 (9.66) 53,985 (10.59) 62,772 (11.83) 111,034 (12.78) 20,882 (14.03) <0.0001

Insulin use 4,421 (15.66) 56,338 (11.05) 47,772 (9) 70,239 (8.09) 12,141 (8.16) <0.0001

Use of three or more oral 
hypoglycemic agents

4,700 (16.65) 84,861 (16.64) 80,695 (15.21) 123,495 (14.22) 22,173 (14.9) <0.0001

Duration of DM ≥5 years 9,205 (32.61) 183,415 (35.97) 176,795 (33.32) 252,666 (29.09) 38,126 (25.61) <0.0001

Systolic BP, mm Hg 122.99±17.6 126.35±16.19 128.63±15.59 130.7±15.42 133.61±15.92 <0.0001

Diastolic BP, mm Hg 75.62±10.95 77.08±10.19 78.58±10.01 80.19±10.1 82.36±10.54 <0.0001

Fasting glucose, mg/dL 153.75±67.6 146.7±51.7 144.2±45.82 142.98±42.78 143.4±42.73 <0.0001

Total cholesterol 184.72±45.72 192.44±44.79 196.34±46.67 198.8±46.32 201.05±45.57 <0.0001

HDL-cholesterol, mg/dL 59.06±30.67 54.6±30.55 51.9±26.64 50.8±29.38 50.8±27.76 <0.0001

LDL-cholesterol, mg/dL 103.47±76.46 110.79±76.82 112.93±75.88 113.55±79.32 114.96±78.4 <0.0001

Triglyceride, mg/dLa 103.04 
(102.38–103.71)

124.31 
(124.11–124.5)

144.28 
(144.07–144.5)

158.7 
(158.52–158.89)

164.75 
(164.31–165.19)

<0.0001

Values are presented as mean±standard deviation or proportions (%).
BMI, body mass index; DM, diabetes mellitus; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
aGeometrimean (95% confidence interval).

mic agents excluding age and sex are shown in the Supplemen-
tary Table 2.

Age and sex affected total fractures, vertebral fractures, hip 
fractures, and limb fractures; its P value for interaction was 
0.0006, <0.0001, <0.0001, 0.0012 for age group (40–64, more 
than 65), and <0.0001, <0.0001, <0.0001, <0.0001 for sex 
group, respectively. The presence of IHD and use of three or 

more oral hypoglycemic agents had no effect on total fractures, 
vertebral fractures, hip fractures, or fracture limbs; its P value 
for interaction was 0.4555, 0.9369, 0.4574, 0.1224 for IHD 
group, and 0.109, 0.8252, 0.9454, 0.2813 for ‘use of three or 
more oral hypoglycemic agents’ group, respectively. The pres-
ence of CKD had an effect on vertebra fracture (P for interac-
tion=0.0053) and hip fracture (P for interaction <0.0001) 
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Table 2. Risk of fractures according to five categories of BMI (kg/m2)

Variable Number Event Duration, 
person-yr

IR, /1,000 
person-yr

HR (95% CI)

Model 1 Model 2 Model 3

Total fractures

   BMI <18.5 28,229 3,963 158,012.26 25.0803 1.402
(1.357–1.448)

1.265
(1.225–1.306)

1.268
(1.228–1.309)

   18.5≤ BMI <23 509,859 58,783 3,265,573.87 18.0008 1 (ref) 1 (ref) 1 (ref)

   23≤ BMI <25 530,544 54,685 3,505,297.84 15.6007 0.865
(0.855–0.876)

0.907
(0.897–0.918)

0.915
(0.904–0.926)

   25≤ BMI <30 868,707 85,834 5,779,461.07 14.8516 0.824
(0.815–0.833)

0.877
(0.868–0.886)

0.891
(0.882–0.901)

   30≤ BMI 148,848 14,671 981,107.68 14.9535 0.831
(0.816–0.846)

0.856
(0.841–0.872)

0.873
(0.857–0.89)

Vertebral fractures

   BMI <18.5 28,229 1,226 166,937.36 7.34407 1.502
(1.418–1.592)

1.252
(1.181–1.327)

1.25
(1.179–1.325)

   18.5≤ BMI <23 509,859 16,880 3,413,586.34 4.94495 1 (ref) 1 (ref) 1 (ref)

   23≤ BMI <25 530,544 16,360 3,643,732.41 4.4899 0.906
(0.887–0.926)

0.972
(0.951–0.993)

0.975
(0.955–0.997)

   25≤ BMI <30 868,707 26,194 5,995,818.30 4.36871 0.882
(0.865–0.899)

0.966
(0.947–0.984)

0.972
(0.953–0.992)

   30≤ BMI 148,848 4,539 1,017,356.85 4.46156 0.903
(0.874–0.933)

0.964
(0.933–0.996)

0.973
(0.941–1.006)

Hip fractures

   BMI <18.5 28,229 1,083 168,055.32 6.44431 2.552
(2.396–2.718)

1.816
(1.704–1.934)

1.896
(1.78–2.021)

   18.5≤ BMI <23 509,859 8,931 3,446,926.38 2.591 1 (ref) 1 (ref) 1 (ref)

   23≤ BMI <25 530,544 6,176 3,681,756.58 1.67746 0.644
(0.623–0.665)

0.724
(0.701–0.748)

0.727
(0.703–0.751)

   25≤ BMI <30 868,707 8,409 6,061,120.63 1.38737 0.533
(0.517–0.549)

0.636
(0.617–0.655)

0.643
(0.624–0.663)

   30≤ BMI 148,848 1,311 1,028,909.15 1.27416 0.492
(0.464–0.522)

0.626
(0.591–0.664)

0.627
(0.591–0.665)

Fractures of limbs (upper arm, forearm, and lower leg)

   BMI <18.5 28,229 2,125 163,235.71 13.018 1.138
(1.089–1.189)

1.081
(1.035–1.129)

1.085
1.039–1.134)

   18.5≤ BMI <23 509,859 38,232 3,329,864.73 11.4815 1 (ref) 1 (ref) 1 (ref)

   23≤ BMI <25 530,544 36,777 3,563,566.05 10.3203 0.898
(0.885–0.911)

0.93
(0.917–0.943)

0.938
(0.924–0.951)

   25≤ BMI <30 868,707 58,094 5,871,780.67 9.8938 0.861
(0.85–0.872)

0.896
(0.884–0.907)

0.912
(0.9–0.924)

   30≤ BMI 148,848 10,010 996,551.50 10.0446 0.875
(0.856–0.895)

0.863
(0.844–0.882)

0.884
(0.864–0.904)

Model 1: unadjusted; Model 2: adjusted for age, sex, smoke, drink, regular exercise; Model 3, adjusted for model 2 plus hypertension, dyslipid-
emia, chronic kidney disease, insulin use, duration of diabetes mellitus ≥5 years, use of three or more oral hypoglycemic agents, fasting glucose 
level, and height.
BMI, body mass index; IR, incidence rate; HR, hazard ratio; CI, confidence interval. 
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compared with the cases without CKD, but did not affect total 
fractures (P for interaction=0.1779) and limb fracture (P for 
interaction=0.5165). Duration of DM ≥5 years had effect on 
the incidence of total fractures (P for interaction=0.015), but 
had little effect on vertebra fracture (P for interaction=0.0708), 
hip fracture (P for interaction=0.1407), and limb fractures (P 
for interaction=0.0586).

Among the for subgroups, male aged <65, female aged <65, 
male aged ≥65, and female aged ≥65 (Fig. 3), fracture risk ac-
cording to the affected bone, showed the highest in the under-
weight group (BMI <18.5 kg/m2), and the higher the BMI was, 

the lower the fracture risk was. Exceptionally, the risk of frac-
tures tended to increase as BMI increased for vertebra frac-
tures in the female aged <65 group. In subjects of female aged 
<65, the fully aHRs of total fractures (Model 3) were 1 in the 
normal group (≥18.5 to <23 kg/m2), 0.984 (95% CI, 0.824 to 
1.174) in the underweight group (BMI <18.5 kg/m2), 1.079 
(95% CI, 1.028 to 1.132) in the overweight group (≥23 to <25 
kg/m2), 1.133 (95% CI, 1.084 to 1.183) in the obese group (≥25 
to 30 kg/m2), and 1.232 (95% CI, 1.16 to 1.31) in the morbidly 
obese group (≥30 kg/m2). In terms of hip fractures, BMI lower 
than 18.5 kg/m2 significantly increased the risk of hip fracture, 

Fig. 2. Kaplan-Meier estimates of cumulative incidence of fracture in diabetes cohort according to the body mass index (BMI, 
kg/m2) categories. (A) Total fractures. (B) Vertebral fractures. (C) Hip fractures. (D) Fractures of limbs (upper arm, forearm, and 
lower leg).
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Table 3. Incidence rates and hazard ratios of fractures in diabetes cohort according to the BMI 5 level by age and sex

Variable BMI, 
kg/m2

Total fractures Vertebral fractures Hip fractures
Fractures of limbs 

(upper arm, forearm, 
and lower leg)

IR Adjusted HR IR Adjusted HR IR Adjusted HR IR Adjusted HR

Age, yr

   40–64 <18.5 16.4624 1.285 
(1.223–1.351)

3.0445 1.255 
(1.12–1.405)

2.7684 3.058 
(2.7–3.463)

11.4153 1.15 
(1.084–1.22)

<23 12.7706 1 (ref) 2.4607 1 (ref) 0.8546 1 (ref) 9.9039 1 (ref)

<25 11.3721 0.925 
(0.91–0.94)

2.3995 1.008 
(0.972–1.045)

0.513 0.627 
(0.585–0.672)

8.8472 0.929 
(0.912–0.946)

<30 10.8962 0.907 
(0.893–0.92)

2.4439 1.051 
(1.017–1.086)

0.4088 0.522 
(0.489–0.557)

8.4163 0.902 
(0.887–0.918)

≥30 11.4879 0.916 
(0.894–0.939)

2.7633 1.129 
(1.073–1.187)

0.4252 0.552 
(0.491–0.621)

8.749 0.896 
(0.872–0.922)

   ≥65 <18.5 39.6149 1.262 
(1.21–1.317)

14.4119 1.285 
(1.201–1.376)

12.4171 1.69 
(1.569–1.82)

15.5958 1.055 
(0.989–1.126)

<23 29.8197 1 (ref) 10.4106 1 (ref) 6.3622 1 (ref) 14.9266 1 (ref)

<25 26.159 0.898 
(0.883–0.913)

9.5858 0.942 
(0.917–0.968)

4.4774 0.754 
(0.726–0.782)

13.8934 0.936 
(0.915–0.958)

<30 26.1089 0.865 
(0.851–0.878)

9.7073 0.905 
(0.883–0.928)

4.0609 0.678 
(0.655–0.702)

13.9764 0.91 
(0.891–0.929)

≥30 27.9421 0.816 
(0.793–0.84)

10.6512 0.855 
(0.817–0.895)

4.3147 0.655 
(0.612–0.701)

14.7421 0.857 
(0.824–0.891)

   P for interaction 0.0006 <0.0001 <0.0001 0.0012

Sex

   Male <18.5 21.0147 1.466 
(1.4–1.535)

5.77722 1.593 
(1.461–1.735)

5.61813 2.325 
(2.126–2.542)

10.9783 1.206 
(1.134–1.284)

<23 13.146 1 (ref) 3.07197 1 (ref) 1.92763 1 (ref) 8.7016 1 (ref)

<25 10.5123 0.846 
(0.831–0.862)

2.47709 0.887 
(0.855–0.919)

0.98108 0.591 
(0.561–0.623)

7.4728 0.89
(0.871–0.909)

<30 9.3965 0.807 
(0.794–0.821)

2.19753 0.876 
(0.846–0.906)

0.66415 0.472 
(0.448–0.497)

6.8414 0.846 
(0.83–0.863)

≥30 8.2961 0.806 
(0.778–0.835)

1.73865 0.86 
(0.798–0.926)

0.42849 0.414 
(0.359–0.478)

6.3235 0.837 
(0.804–0.872)

   Female <18.5 31.1991 1.115 
(1.065–1.167)

9.6476 1.049 
(0.969–1.136)

7.64866 1.591 
(1.453–1.741)

16.0265 0.986 
(0.927–1.049)

<23 25.2398 1 (ref) 7.66477 1 (ref) 3.54312 1 (ref) 15.5534 1 (ref)

<25 24.5135 0.965 
(0.95–0.98)

7.91177 1.028 
(1–1.056)

2.8456 0.83 
(0.796–0.865)

15.2051 0.975 
(0.956–0.994)

<30 23.7276 0.946 
(0.933–0.959)

7.79698 1.025 
(1–1.05)

2.5132 0.762 
(0.734–0.792)

14.7572 0.96 
(0.943–0.976)

≥30 20.644 0.914 
(0.895–0.935)

6.7306 1.02 
(0.982–1.06)

1.96991 0.74 
(0.693–0.79)

13.1687 0.916 
(0.892–0.942)

   P for interaction <0.0001 <0.0001 <0.0001 <0.0001

Adjusted for age, sex, smoke, drink, regular exercise, hypertension, dyslipidemia, chronic kidney disease, insulin use, duration of diabetes melli-
tus ≥5 years, combinations ≥3 classes of oral antidiabetic agent, fasting glucose level, and height.
BMI, body mass index; IR, incidence rate; HR, hazard ratio. 
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regardless of the affected bone. Among them, the HR (3.12; 
95% CI, 2.673 to 3.642) was especially increased in the male 
aged <65 group. 

DISCUSSION 

To the best of our knowledge, this study is the most large-scale 
nationwide population study to show the association between 
BMI and fracture risk varied by affected site in T2DM cohort. 
Low BMI is a both well-established and important risk factor 
for osteoporosis and osteoporotic fractures in both men and 
women, whereas high BMI appears to act as a protective factor 
[25]. In this population-based cohort study of a total of 
2,086,187 subjects >40 years of age with diagnosis of T2DM, 
we described that there is a reverse J-shaped association be-
tween BMI and fracture risk. In the reverse J shape curve, in 
terms of amplitude, hip fracture was the largest, followed by 
vertebra, all, and limb fractures. In this T2DM cohort, the HR 
for hip fractures was highest in the underweight group (HR, 

1.896; 95% CI, 1.178 to 2.021).
De Laet et al. [25] conducted a meta-analysis study compris-

ing nearly 60,000 men and women from 12 cohorts of both 
Asian and Western participants. The study showed that low 
BMI was a significant risk factor for all types of fractures in 
both Asian and Western populations. Also, the authors report-
ed that there were only 83 diabetes patients with hip fractures 
in their study, of which only six individuals had low BMI (BMI 
<18.5) [25]. Thus, the authors concluded that the result was 
not significant. Nonetheless, because a sufficiently large num-
ber of subjects were included in our diabetic cohort study, the 
event number of hip fractures, vertebra fractures, and limbs 
fractures at low BMI (BMI <18.5) were large enough for statis-
tical analysis. 

In addition to considering low BMI as a risk factor for frac-
tures, the effect of high BMI scores on fracture risk has also 
been discussed recently. Some reports in the previous literature 
have shown that obesity or morbid obesity has a protective ef-
fect on the risk of hip fracture [26,27]. Sogaard et al. [28] stated 

Fig. 3. Subgroup analysis by age and sex, presenting the hazard ratios of fractures in diabetes cohort according to the body mass 
index (BMI, kg/m2) 5 level. (A) Total fractures. (B) Vertebral fractures. (C) Hip fractures. (D) Fractures of limbs (upper arm, fore-
arm, and lower leg).
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that the risk of hip fracture decreased with increasing BMI. Jo-
hansson et al. [26] also analyzed over 300,000 women from 
more than 25 countries and found that 87% of hip fractures oc-
curred in those without obesity (defined as BMI ≥30 kg/m2). 
The same results were seen in this study; higher BMI was pro-
tective against fracture risk regardless of affected site. However, 
in terms of amplitude, hip fracture was the largest, followed by 
vertebra, all, and limb fracture. Some articles stated that obesi-
ty acts as a protective effect on fractures due to consequent 
higher BMD and reduced impact of falls as a result of in-
creased soft-tissue padding [27-29]. 

Some interesting results were seen in the subgroup analyses. 
According to the subgroup analysis by age, in the group 
younger than 65 years old, there was a higher HR for fracture 
risk among subjects who were underweight (BMI <18.5), 
compared with the group older than 65 years old (Supplemen-
tary Table 2). This tendency was evident in hip fracture, fol-
lowed by vertebra fracture, then total fracture. This tendency 
was least evident in limbs fracture. Limited to hip fractures, it 
is known that the risk of hip fractures in the younger age group 
is higher than in the older age group [10,19,30]. Our study 
showed that although the amplitude was relatively smaller, to-
tal fractures and vertebral fractures showed similar trends to 
hip fractures. Some authors stated that the difference of the 
risk of hip fractures between young and old age groups comes 
from age- or menopause-related changes which overshadow 
the effect of diabetes itself on fracture risk [31]. We presume 
that the reason may be similar not only for hip fractures, but 
also for vertebra fractures and total fractures. 

A subgroup analysis by sex showed that the risk of fractures 
in underweight (BMI <18.5) subjects was higher in men than 
in women (Supplementary Table 2). This trend appeared in the 
order of hip fractures, vertebra fractures, and total fractures, 
and the least in limb fractures. However, in the case of vertebral 
and total fractures as well as hip fractures, the effect on fracture 
risk due to low BMI was significantly higher in men than in 
women, which is a contrary result to the previous literature 
[10]. One possible reason for the disparity in fracture risk by 
sex is that men have larger bones and less adipose tissue than 
women [32]. Since the weight of bone remains relatively con-
stant compared to muscle or fat tissue, the effect of low BMI on 
fracture risk may be more significant in males. Additionally, 
previous reports have shown that underweight men lose more 
muscle mass than women, which increases mechanical stress 
on the bones [33]. For instance, male subjects with low BMI 

would be more prone to have sarcopenia, which is related to 
physical disability and consequent incident falls [34]. Con-
versely, the increase in fracture risk was greater in females than 
in males when overweight, obese or morbidly obese. Similarly, 
since bone occupies a low proportion of body weight in fe-
males, the proportion of adipose tissue and muscle is relatively 
high, so higher proportion of adipose tissue in female can be 
estimated that the increase in fracture risk in overweight, obese 
or morbidly obese is greater in females than in males. One me-
ta-analysis study demonstrated that abdominal obesity itself 
was associated with an increased risk of hip fracture [35]. 

In addition, among the four age-sex categories (male ≥65 
years old, female ≥65 years old, male <65 years old, and fe-
male <65 years old), the HR for fracture risk was highest in the 
category of male <65 years old, followed by female <65 years 
old (Fig. 3). Judging from these results, among age and sex, the 
effect of BMI on fracture risk has greater interaction with age 
than with sex.

Our study has several notable strengths. It has a large sample 
size of >2,000,000 subjects and a long follow-up period of >6 
years. Various subgroup analyses were possible using this large 
group of data, which provided interesting conclusions. The 
analyses were performed after adjusting for substantial con-
founding variables, including age, sex, smoke, drink, regular 
exercise, hypertension, dyslipidemia, CKD, insulin use, dura-
tion of DM for more than 5 years, use of three or more oral hy-
poglycemic agents, fasting glucose level, and height, which 
may cause BMI changes. Because the Korean population is a 
single ethnic society, it was possible to involve a homogeneous 
group in a nationwide study. 

Despite these advantages, our study also has limitations. 
First, because data was extracted solely from the NHIS for 
analysis, not all health behaviors and other factors were in-
cluded in the analysis, such as eating habits, body composi-
tion/muscle mass, muscle function/sarcopenia, and history of 
falls. In addition, osteopenia, osteoporosis, and bone mineral 
density are all important risk factors of fracture, but were not 
included in the analysis. Second, there may be reverse causa-
tion in our results because of the retrospective cohort design. 
However, washout period was considered to address this issue 
when study outcomes were assessed. Thus, subjects with a his-
tory of fracture during the washout period from January 2002 
to December 2008 were excluded. Third, because the analytic 
sample was limited to Korean individuals, additional studies in 
other ethnic groups are required to generalize our results. 
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Fourth, by using only the NHIS claim database to search for 
fractures, without reviewing medical and radiologic records, 
traumatic fractures may have been included in our analyses. 
The concept of major osteoporotic fracture was not used and 
that fractures were divided according to anatomical location. 
Major osteoporotic fracture refers to hip fracture, vertebra 
fracture, and forearm and humerus fracture, and represents 
osteoporotic fracture. Although limbs fractures include frac-
tures of the humerus and forearm, limbs fracture is not often 
analyzed as a clinical outcome. The fact that limbs fractures in 
this article show less prominent results compared to other sites 
can also be presumed to have such an effect. Fifth, there may 
be a misclassification bias. In concern of exclusion of insulin-
dependent T1DM, we did not use the ICD-10 code E10 repre-
senting T1DM as an exclusion criterion. However, there is a 
possibility that subjects with T1DM still may have been en-
rolled in our study. Fortunately, East Asian countries, including 
the Republic of Korea, have the lowest incidence of T1DM in 
the world [36]. The prevalence of T1DM in the entire popula-
tion of the Republic of Korea was reported to be from 0.017% 
to 0.021% [37]. The majority of diabetes is T2DM, and the pro-
portion increases with age. We excluded subjects younger than 
40 years in this study. Consequently, the possibility of inclusion 
of T1DM is minimal and was regarded insignificant. 

In conclusion, we further demonstrated that fracture risk 
differed depending on the skeletal sites. For the hip, the risk of 
fracture was most pronounced in the underweight group, with 
a slight increase in the risk in obese patients as well. The frac-
ture risk of vertebra also showed a similar trend to that of the 
hip, but the amplitude was relatively smaller. For vertebra frac-
tures, the increase in fracture risk in the underweight group 
was the second highest following hip fractures, and the de-
crease in fracture risk in obese or morbidly obese subjects was 
also the second highest following hip. For limbs, fracture risk 
was least affected by BMI, showing a linear relationship.
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