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Abstract

Background Hip fracture is a major public health problem worldwide and being underweight is a risk factor for frac-
tures. Few studies have investigated the association between being underweight and hip fracture in the general popu-
lation. The present study investigated the incidence of hip fracture in a large population cohort based on detailed in-
formation about the degree of underweight.
Methods A nationwide retrospective cohort study of adults ≥40 years of age included 962,533 subjects who were not
overweight or obese in 2009. The incidence and risk of hip fracture occurring between 2010 and 2018 was assessed
based on the degree of underweight. Based on body mass index (BMI), the study population was categorized into nor-
mal (18.50–22.99 kg/m2), mild (17.00–18.49 kg/m2), moderate (16.00–16.99 kg/m2), and severe underweight
(<16.00 kg/m2) groups. Cox proportional hazards analyses were performed to calculate the hazard ratio (HR) for
the hip fracture based on the degree of underweight in reference to the normal weight.
Results Compared with subjects who were normal weight, those who were classified as mild underweight (1.03/1000
person-years (PY) increase in incidence rate (IR); adjusted HR (aHR) 1.61; 95% confidence interval (CI) 1.48–1.76),
moderate underweight (2.04/1000 PY increase in IR; aHR 1.85; 95% CI 1.65–2.08), or severe underweight (4.58/
1000 PY increase in IR; aHR 2.33; 95% CI 2.03–2.66) were at significantly increased risk of hip fracture.
Conclusions The severity of underweight was significantly associated with risk of hip fracture. The subdivision of un-
derweight helps to estimate fracture risk more accurately.
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Introduction

Hip fracture is a major public health problem worldwide and
has a high incidence in the elderly.1,2 Hip fractures can lead to
socio-economic losses due to the long recovery period and
can cause serious disability, reducing quality of life.3,4 The
loss of function and pain associated with hip fractures pres-

ent significant challenges to patients and their families. Glob-
ally, the incidence of hip fractures and its associated burden is
increasing with the aging population.5 Therefore, the factors
associated with hip fracture have been explored in recent
studies, especially modifiable risk factors affected by lifestyle
such as exercise, smoking, alcohol consumption, and body
mass index (BMI).6,7
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Underweight is a risk factor for cardiovascular and respira-
tory diseases and can increase the risk of osteoporosis and
fractures.8,9 In particular, underweight is more associated
with hip fractures than with other fractures.10 In previous
BMI and fracture studies, obesity has been specifically classi-
fied into overweight and mild/moderate/severe obesity
based on BMI, and underweight (thin or slim) was mainly
classified into a single group with a BMI < 18.5 kg/m2 due
to its low prevalence (average 1–4% in developed
countries).11,12 Consequently, a unified classification of un-
derweight can be controversial and different definitions of
the degree of underweight may lead to inconsistent results.
Therefore, we subdivided underweight based on the World
Health Organization (WHO) classifications of mild (BMI
17.00–18.49 kg/m2), moderate (16.00–16.99 kg/m2), and se-
vere underweight (<16.00 kg/m2).13

We hypothesized that there would be a difference in the
risk of hip fracture according to the degree of underweight.
The aim of this study was to investigate the relationship be-
tween hip fracture and the degree of underweight; analyses
were corrected for many factors that are considered contrib-
utors to hip fracture. The study included a comprehensive
population-based dataset of adults with records on sociode-
mographic factors, health surveys, examinations, and medical
claims from the National Health Insurance Service (NHIS) in
the Republic of Korea.

Materials and methods

Study design and data collection

This nationwide, observational cohort study was based on
claims data from the NHIS, a mandatory national health insur-
ance system accessed by more than 97% of the population
and operated by the Ministry of Health and Welfare in
South Korea. The NHIS is a single insurance service managed
by the Korean government: insured adults >40 years of age
and workers >20 years of age undergo regular health
checkups every 1–2 years. The NHIS has provided the retro-
spective cohort database since 2015; the database integrates
the International Classification of Diseases Tenth Revision
(ICD-10), prescriptions, medical services, and costs for inpa-
tients and outpatients. All data are anonymized, collected
regularly, and carefully quality controlled.

Data for individuals who underwent health examination
through the NHIS in 2009 were analysed. Subjects were ex-
cluded if they were <40 years of age or missing baseline
characteristic data, had a prior diagnosis of fracture before
enrolment or a fracture occurring during the 1 year lag pe-
riod, or were overweight (BMI ≥ 23.0 kg/m2).14

The study protocol was approved bys the NHIS Institutional
Review Board. Written informed consent from participants

was waived because the NHIS data are anonymized. The Insti-
tutional Review Board also approved the study protocol (ap-
proval no. SSU-202007-HR-236-01).

Classification of underweight

BMI was calculated by dividing body weight (kilograms) by
height squared (m2). The study population was divided into
four groups: normal weight (18.5 ≤ BMI < 23.0 kg/m2), mild
underweight (17.5 ≤ BMI < 18.5 kg/m2), moderate under-
weight (16.5 ≤ BMI < 17.5 kg/m2), and severe underweight
(BMI < 16.5 kg/m2).13,14

Definition of hip fracture and follow-up

Hip fracture was defined as the ICD-10 codes S72.0, S72.1,
and S72.2 during hospitalization. Hip fracture events were
identified based on NHIS medical claim records from 1
January 2010 to 31 December 2018. Participants who died
during this follow-up period were censored at the time of
death.

Demographic, social, and health-related variables

The NHIS database yielded demographic, socio-economic,
and clinical data: sex, age, height, weight, smoking status, al-
cohol consumption, physical activity, household income,
blood glucose, total cholesterol, blood pressure, estimated
glomerular filtration rate, and any co-morbidities. Smoking
status was classified into non-smoker, ex-smoker, or current
smoker. Alcohol consumption was classified based on the
amount of alcohol consumed: non-drinker, moderate drinker
(<30 g/day), or heavy drinker (≥30 g/day).15,16 Regular exer-
cise was defined as at least 20 min of vigorous physical activ-
ity ≥3 days per week or ≥30 min of moderate-intensity phys-
ical activity ≥5 days per week.17 Low income was defined as
an income <20th percentile.

The definition of co-morbidity based on the ICD code has
been approved in previous studies.15,18 Diabetes mellitus
was defined as a fasting blood sugar level >126 mg/dL or
prescription of an antidiabetic drug with ICD-10 codes E11–
E14; hypertension was defined as average blood pressure of
140/90 mmHg or more, or at least one annual prescription
of an antihypertensive drug with ICD-10 codes I10–I13 or
I15; dyslipidaemia was defined as a total cholesterol level
≥240 mg/dL, or at least one annual prescription of an
antihyperlipidaemic drug with ICD-10 code E78; and chronic
kidney disease (CKD) was defined as estimated glomerular fil-
tration rate <60 mL/min/1.73 m2.
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Statistical analysis

Categorical variables were analysed using chi-squared test
and continuous variables were analysed using ANOVA test.
The incidence rate (IR) was defined as the outcome rate per
1000 person-years (PY), divided by the total number of hip
fractures. The hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for hip fractures based on the degree of under-
weight were calculated based on Cox regression analysis. To
investigate covariates potentially associated with hip frac-
tures, four models were constructed. Model 1 was non-ad-
justed, model 2 was adjusted for age and sex, model 3 was
additionally adjusted for alcohol consumption, smoking sta-
tus, regular exercise, and low income, and model 4 was fully
adjusted with additional adjustments for co-morbidities such
as diabetes, hypertension, dyslipidaemia, and CKD. The cu-
mulative incidence of hip fractures was also compared be-
tween groups using the Kaplan–Meier method. To investigate
the effects of clinical conditions on the association between
the degree of underweight and risk of hip fracture, the HRs
for hip fractures in various subgroups were derived using
Cox regression analysis as well as p-values for interaction.
Stratified subgroup analysis was conducted based on age
(<65 and ≥65 years), sex, and co-morbidities (diabetes and
hypertension). SAS software (ver. 9.3; SAS Institute, Cary,
NC, USA) was used for all statistical analyses. A two-sided P-
value <0.05 was considered to indicate statistical
significance.

Results

In total, 4 234 339 adults underwent the national health ex-
amination in 2009. We excluded 1 719 261 individuals based

on the following criteria: <40 years of age (n = 1 338 019),
missing baseline characteristic data (n = 102 612), prior frac-
ture before health checkup (n = 244 328), fracture occurring
during the 1 year lag period (n = 34 302), and overweight
or obese (BMI ≥ 23.0 kg/m2; n = 1 552 545). Finally, data from
962 533 individuals were included in analyses (Figure 1).

Baseline characteristics

Of the 962 533 individuals included in analyses, 907 484
(94.3%) were classified as normal weight, 36 283 (3.8%) as
mild underweight, 13 071 (1.4%) as moderate underweight,
and 5695 (0.5%) as severe underweight. The mean BMI for
each group was 21.29, 18.03, 17.06, and 15.72 kg/m2, respec-
tively. Hip fracture occurred in 7717 individuals; based on the
degree of underweight, these occurred in 6647 (0.73%) of
those classified as normal weight, 554 (1.53%) as mild under-
weight, 294 (2.25%) as moderate underweight, and 222
(3.9%) as severe underweight participants. The incidence rate
was highest in the severe underweight group (P < 0.001).
Sex, age, height, weight, smoking status, alcohol consump-
tion, regular exercise, low income, and co-morbidities dif-
fered significantly between the four groups (P < 0.001).
The total study population was large, so statistically signifi-
cant differences were observed between groups in all vari-
ables (Table 1).

Association between hip fracture and the degree of
underweight

Cox proportional hazards regression analyses were per-
formed to investigate the relationship between the degree
of underweight and hip fracture. After multivariable adjust-

Figure 1 Flow chart of study population. BMI, body mass index.
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ment (Model 4; demographics, socioeconomic factors, life-
style behaviours, and co-morbidities), individuals classified
as mild underweight (1.03/1000 PY increase in IR; HR 1.61;
95% CI 1.48–1.76), moderate underweight (2.04/1000 PY in-
crease in IR; HR 1.85; 95% CI 1.65–2.08), and severe under-
weight (4.58/1000 PY increase in IR; HR 2.33; 95% CI 2.03–
2.66) had a significantly increased risk of hip fracture events
compared with those of normal weight (Table 2). Figure 2
presents the Kaplan–Meier estimate curves between groups.
The severe underweight group had a significantly higher inci-
dence of hip fracture at all time points (log-rank test,
P < 0.001).

Subgroup analysis

Subgroup analyses were conducted by stratifying the study
population based on age, sex, smoking status, alcohol con-

sumption, household income, and co-morbidities. Table 3 lists
the estimated HRs based on subgroup using multivariable Cox
proportional hazards regression. Individuals classified as se-
vere underweight and ≥65 years of age, male, and without di-
abetes or hypertension were at a significantly increased risk of
hip fracture compared with normal weight participants. No
significant differences were observed in other subgroup anal-
yses, which included smoking status, alcohol consumption,
household income, dyslipidaemia, and CKD (P > 0.05).

Discussion

This large, population-based cohort study using the NHIS da-
tabase in the Republic of Korea yielded real-world evidence
that risk of hip fracture increased with increased severity of
underweight compared with normal weight. In particular, in-
dividuals classified as severe underweight (BMI < 16 kg/m2)

Table 1 Baseline characteristics of the study population

Variables

Normal weight Mild underweight Moderate underweight Severe underweight

P-value
(18.5 ≤ BMI < 23.0) (17.5 ≤ BMI < 18.5) (16.5 ≤ BMI < 17.5) (BMI < 16.5)
n = 907 484 n = 36 283 n = 13 071 n = 5695

Female sex, n (%) 501 045 (55.21) 19 893 (54.83) 6678 (51.09) 3076 (54.01) <0.001
Age, years 53.06 ± 10.45 54.36 ± 12.22 56.62 ± 13.16 60.72 ± 13.74 <0.001
≥65 759 791 (83.73) 27 818 (76.67) 9085 (69.51) 3237 (56.84) <0.001

Height, cm 161.45 ± 8.3 161.33 ± 8.39 161.52 ± 8.62 159.93 ± 9.19 <0.001
Weight, kg 55.64 ± 6.55 47.06 ± 4.94 44.62 ± 4.77 40.35 ± 5.05 <0.001
BMI, kg/m2 21.29 ± 1.16 18.03 ± 0.29 17.06 ± 0.27 15.72 ± 0.8 <0.001
Smoking status, n (%) <0.001
Non-smoker 602 237 (66.36) 23 062 (63.56) 8019 (61.35) 3591 (63.06)
Ex-smoker 112 965 (12.45) 3593 (9.9) 1249 (9.56) 531 (9.32)
Current smoker 192 282 (21.19) 9628 (26.54) 3803 (29.09) 1573 (27.62)

Alcohol consumption, n (%) <0.001
Non-drinker 550 731 (60.69) 23 486 (64.73) 8698 (66.54) 4099 (71.98)
Moderate drinker 303 503 (33.44) 10 811 (29.8) 3651 (27.93) 1283 (22.53)
Heavy drinker 53 250 (5.87) 1986 (5.47) 722 (5.52) 313 (5.5)

Regular exercise, n (%) 172 189 (18.97) 5101 (14.06) 1784 (13.65) 655 (11.5) <0.001
Low income, n (%) 167 385 (18.44) 7076 (19.5) 2557 (19.56) 1174 (20.61) <0.001
Co-morbidities, n (%)
Diabetes 71 043 (7.83) 2238 (6.17) 925 (7.08) 500 (8.78) <0.001
Hypertension 216 730 (23.88) 6781 (18.69) 2685 (20.54) 1423 (24.99) <0.001
Dyslipidaemia 146 740 (16.17) 3663 (10.1) 1288 (9.85) 609 (10.69) <0.001
CKD 63 163 (6.96) 2498 (6.88) 960 (7.34) 571 (10.03) <0.001

Hip fracture, n (%) 6647 (0.73) 554 (1.53) 294 (2.25) 222 (3.9) <0.001

BMI, body mass index; CKD, chronic kidney disease.

Table 2 Association between degree of underweight and risk of hip fracture

Group Events PY
IR
(per 1000 PY)

HR (95% CI)

Model 1 Model 2 Model 3 Model 4

Normal weight 6647 7 398 522.5 0.90 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Mild underweight 554 286 671.7 1.93 2.17 (1.99–2.36) 1.57 (1.44–1.71) 1.52 (1.39–1.65) 1.61 (1.48–1.76)
Moderate underweight 294 100 147.7 2.94 3.31 (2.94–3.72) 1.80 (1.61–2.03) 1.74 (1.54–1.95) 1.85 (1.65–2.08)
Severe underweight 222 40 521.8 5.48 6.24 (5.46–7.14) 2.27 (1.99–2.60) 2.16 (1.89–2.47) 2.33 (2.03–2.66)

HR, hazard ratio; IR, incidence rate; CI, confidence interval; PY, person-years; CKD, chronic kidney disease.
Model 1: Non-adjusted; Model 2: Adjusted for age and sex; Model 3: Adjusted for age, sex, smoking status, alcohol consumption, low
income, and regular exercise; Model 4: Adjusted for age, sex, smoking status, alcohol consumption, low income, regular exercise, diabe-
tes, hypertension, dyslipidaemia, and CKD.
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had a significantly higher risk of hip fracture events. These
findings help to more accurately estimate the risk of hip frac-
tures through weight subdivision. Clinicians should educate
patients to gain weight through nutritional management
and weight training to reduce the risk of hip fractures in un-
derweight patients.

Demographic factors such as age and sex are well-known
risk factors for hip fracture. The risk of hip fracture increases
with age and females have a higher risk of hip fractures than
males due to lower bone density.19 Lifestyle factors such as
smoking, alcohol consumption, and regular exercise are also
reportedly associated with hip fracture.20,21 Chronic diseases
such as diabetes and hypertension can also affect hip
fractures.22,23 We used the data available in the NHIS
database as much as possible to adjust mediators and
confounders that may affect hip fracture occurrence.

We found that the more severe the degree of under-
weight, the higher the risk of hip fracture. This result can
be explained by the following hypothesis. First, underweight

is associated with sarcopenia, and muscle can protect bone
from severe trauma and stress.24 Therefore, a decrease in
muscle mass and function is associated with an increase in
fall-related fractures such as hip fracture.25,26 Second, with
increasing underweight, the thickness of the soft tissue sur-
rounding the greater trochanter decreases; soft tissue can re-
duce impact loads through decreases in effective stiffness
and/or increases in energy absorption.27,28 Third, under-
weight can be associated with deficiencies in nutrients, such
as calcium, vitamin D, and protein, which can lead to reduced
bone density and bone metabolism.29 Calcium deficiency can
decrease the bone mineral density (BMD), and low vitamin D
levels has been shown to be associated with defective miner-
alization of collagenous matrix (osteoid).30,31 Also, protein
depletion may affect the bone remodelling process by reduc-
ing the production of insulin-like growth factor 1.32 Finally,
the more severe underweight, the lower the BMD, and the
BMD of the femoral neck is significantly lower in severe un-
derweight subjects than in normal weight subjects.29

Figure 2 Kaplan–Meier estimates for the probability of incident hip fracture up to 9 years based on underweight categories.

Table 3 Stratified analyses based on age, sex, diabetes, and hypertension

Stratified
variables Category

HR (95% CI)
P for
interactionMild underweight Moderate underweight Severe underweight

Age (years) ≥65 2.01 (1.68–2.40) 2.70 (2.09–3.48) 4.37 (3.18–6.00) <0.001
<65 1.53 (1.39–1.69) 1.74 (4.52–1.98) 2.16 (1.86–2.50)

Sex Male 1.88 (1.67–2.12) 2.20 (1.87–2.58) 3.32 (2.73–4.03) <0.001
Female 1.39 (1.22–1.57) 1.57 (1.33-–1.87) 1.84 (1.52–2.21)

Diabetes No 1.57 (1.42–1.73) 1.82 (1.60–2.07) 2.42 (2.10–2.80) 0.012
Yes 1.85 (1.51–2.27) 2.02 (1.52–2.69) 1.80 (1.22–2.65)

Hypertension No 1.51 (1.33–1.70) 2.06 (1.76–2.40) 1.51 (1.33–1.70) <0.001
Yes 1.74 (1.53–1.97) 1.59 (1.33–1.92) 1.86 (1.50–2.31)

Comparison with the normal weight group as the reference group. Adjusted for age, sex, smoking status, alcohol consumption, low in-
come, regular exercise, diabetes, hypertension, dyslipidaemia, and chronic kidney disease (CKD).
HR, hazard ratio; CI, confidence interval.
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We found that more severe underweight was associated
with a greater accretion in the incidence of hip fractures in
elderly individuals >65 years of age compared with younger
individuals. Fall-related injuries are usually more likely to oc-
cur in the elderly due to the presence of individual condi-
tions such as muscle weakness and impaired vision and
balance.33 Although we expected worse outcomes in fe-
males than in males due to conditions such as
osteoporosis,34 the results showed that males classified as
severe underweight were at greater risk of hip fracture than
females. This result is in agreement with a previous study in
which the BMD of the femoral neck was measured in two
groups of underweight and normal weight subjects, and
the difference in BMD between the two groups was greater
in men than in women.29 Therefore, BMD may be further
decreased as the degree of underweight becomes more se-
vere in males; however, additional research is needed to
confirm this hypothesis.

The risk of sarcopenia is increased in diabetic subjects
compared with healthy individuals.35 Additionally, in pa-
tients with diabetes, BMD may be reduced by
hyperglycaemia, oxidative stress, and the accumulation of
advanced glycation end products that compromise collagen
properties, increase marrow adiposity, release inflammatory
factors and adipokines from visceral fat, and potentially alter
the function of osteocytes.36 In the present study, in the
moderate underweight group, the risk of hip fracture was
higher in the diabetic group than in the non-diabetic group.
However, the opposite result was observed in the severe un-
derweight group; more research is needed to explore these
findings. In the present study, in the severe underweight
group, individuals with hypertension had a higher risk of
hip fracture. Hypertension is associated with abnormalities
in calcium metabolism, such as increased urinary calcium ex-
cretion, and persistent hypercalciuria in hypertensive pa-
tients may increase the risk of BMD loss.37 A previous
meta-analysis reported that hypertension can significantly
reduce BMD in the human body including the femoral neck
(95% CI: �0.09 to �0.02).38

The present study had several notable strengths. To the
best of our knowledge, it is the first to investigate the as-
sociation between degree of underweight and hip fracture
using nationwide data. Additionally, data from the NHIS
are representative of the country and the sample size
was large, so the results of this study can be generalized
to the Korean population. We also performed extensive
stratified analyses using other covariates including age,
sex, and co-morbidities, which enhanced the reliability of
the results.

However, this study also had several limitations. First, the
study design was retrospective. We tried to adjust for as
many confounders as possible, but other confounders may
exist. Also, because we used the NHIS database, individuals
who did not receive medical services were likely excluded,

so the incidence of hip fracture may have been
underestimated. Second, the NHIS database does not in-
clude data regarding patient BMD. Third, although Korea is
rapidly becoming Westernized, our findings should be gener-
alized with caution; ethnicity and geography may affect the
occurrence of hip fracture. Previous studies exploring racial
differences and hip fractures have reported that individuals
of Polynesian descent, including Pasifika people, tend to
have a lower risk of hip fractures than European individuals
due to high BMD.19,39 In addition, we classified normal
weights as 18.5 ≤ BMI < 23.0 kg/m2 according to the
WHO classification for the Asia-Pacific region.14 Fourth, we
did not consider several co-morbidities such as hyperthy-
roidism and malassimilation syndrome which are
well-known risk factors for both underweight and
osteoporosis.40,41 Also, we did not consider laboratory pa-
rameters such as calcium, protein, and vitamin D; these
are potential confounders that are related with the
fracture.30–32 Further well-designed studies are needed to
overcome these limitations.

Conclusion

When underweight was further subdivided based on the de-
gree of severity, a proportionally increased risk of hip frac-
tures was observed. These findings add to clinical evidence
that the subdivision of the underweight can help to more ac-
curately assess hip fracture risk.

Acknowledgements

This work was supported by the Soonchunhyang University
Research Fund (grant no. 10220002). The authors of this
manuscript certify that they comply with the ethical guide-
lines for authorship and publishing in the Journal of Cachexia,
Sarcopenia and Muscle.

Conflict of interest

Authors have no conflict of interest.

Funding

The authors received no financial support for the research.

2478 S. Han et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2473–2479
DOI: 10.1002/jcsm.13046



References

1. Kanis JA, Oden A, McCloskey EV, Johansson
H,Wahl DA, Cooper C. A systematic review
of hip fracture incidence and probability of
fracture worldwide. Osteoporos Int 2012;
23:2239–2256.

2. Brauer CA, Coca-Perraillon M, Cutler DM,
Rosen AB. Incidence and mortality of hip
fractures in the United States. JAMA
2009;302:1573–1579.

3. Ariza-Vega P, Jiménez-Moleón JJ,
Kristensen MT. Change of residence and
functional status within three months and
one year following hip fracture surgery.
Disabil Rehabil 2014;36:685–690.

4. Keller JM, Sciadini MF, Sinclair E, O’Toole
RV. Geriatric trauma: demographics, inju-
ries, and mortality. J Orthop Trauma 2012;
26:e161–e165.

5. Finsterwald M, Sidelnikov E, Orav E, Daw-
son-Hughes B, Theiler R, Egli A, et al. Gen-
der-specific hip fracture risk in
community-dwelling and institutionalized
seniors age 65 years and older. Osteoporos
Int 2014;25:167–176.

6. Michaëlsson K, Baron JA, Farahmand BY,
Ljunghall S. Influence of parity and lacta-
tion on hip fracture risk. Am J Epidemiol
2001;153:1166–1172.

7. Mortensen SJ, Beeram I, Florance J,
Momenzadeh K, Mohamadi A, Rodriguez
EK, et al. Modifiable lifestyle factors associ-
ated with fragility hip fracture: a system-
atic review and meta-analysis. J Bone
Miner Metab 2021;39:1–10.

8. Di Angelantonio E, Bhupathiraju SN,
Wormser D, Gao P, Kaptoge S, De Gonzalez
AB, et al. Body-mass index and all-cause
mortality: individual-participant-data
meta-analysis of 239 prospective studies
in four continents. The Lancet 2016;388:
776–786.

9. Kvamme J-M, Wilsgaard T, Florholmen J,
Jacobsen BK. Body mass index and disease
burden in elderly men and women: the
Tromsø Study. Eur J Epidemiol 2010;25:
183–193.

10. Tanaka S, Kuroda T, Saito M, Shiraki M.
Overweight/obesity and underweight are
both risk factors for osteoporotic fractures
at different sites in Japanese postmeno-
pausal women. Osteoporos Int 2013;24:
69–76.

11. Park D, Lee J-H, Han S. Underweight: an-
other risk factor for cardiovascular dis-
ease?: A cross-sectional 2013 Behavioral
Risk Factor Surveillance System (BRFSS)
study of 491,773 individuals in the USA.
Medicine 2017;96:e8769.

12. De Laet C, Kanis J, Odén A, Johanson H,
Johnell O, Delmas P, et al. Body mass index
as a predictor of fracture risk: a meta-anal-
ysis. Osteoporos Int 2005;16:1330–1338.

13. Al Jawaldeh A, Osman D, Tawfik A, Organi-
zation WH. Food and nutrition surveillance
systems: a manual for policy-makers and
programme managers. 2014.

14. Organization WH. The Asia-Pacific perspec-
tive: redefining obesity and its treatment.
2000.

15. Choi YJ, Lee DH, Han K-D, Kim HS, Yoon H,
Shin CM, et al. The relationship between
drinking alcohol and esophageal, gastric
or colorectal cancer: a nationwide
population-based cohort study of South
Korea. PLoS ONE 2017;12:e0185778.

16. Kim R, Yoo D, Jung YJ, Han K, Lee J-Y.
Smoking Cessation, Weight Change, and
Risk of Parkinson’s Disease: Analysis of Na-
tional Cohort Data. J Clin Neurol (Seoul, Ko-
rea) 2020;16:455.

17. Troiano RP, Berrigan D, Dodd KW, Masse
LC, Tilert T, McDowell M. Physical activity
in the United States measured by acceler-
ometer. Med Sci Sports Exerc 2008;40:
181–188.

18. Yoo JE, Shin DW, Han K, Kim D, Lee S-P,
Jeong S-M, et al. Blood pressure variability
and the risk of dementia: a nationwide
cohort study. Hypertension 2020;75:
982–990.

19. Marks R. Hip fracture epidemiological
trends, outcomes, and risk factors, 1970–
2009. Int J General Med 2010;3:1.

20. Zhang X, Yu Z, Yu M, Qu X. Alcohol con-
sumption and hip fracture risk. Osteoporos
Int 2015;26:531–542.

21. Kanis JA, Johnell O, Odén A, Johansson H,
De Laet C, Eisman JA, et al. Smoking and
fracture risk: a meta-analysis. Osteoporos
Int 2005;16:155–162.

22. Koh W-P,Wang R, Ang L-W, Heng D, Yuan J-
M, Mimi CY. Diabetes and risk of hip frac-
ture in the Singapore Chinese Health Study.
Diabetes Care 2010;33:1766–1770.

23. Pérez-Castrillón JL, Martín-Escudero JC,
Manzanares PA, Sancho RC, Zamora SI,
Alonso MG. Hypertension as a risk factor
for hip fracture. Am J Hypertens 2005;18:
146–147.

24. Giladi M, Milgrom C, Simkin A, Danon Y.
Stress fractures: identifiable risk factors.
Am J Sports Med 1991;19:647–652.

25. Cedergikn T, Cruz-Jentoft A, Maggi S. Sar-
copenia and fragility fractures. Eur J Phys
Rehabil Med 2013;49:117–117.

26. Yoshimura N, Muraki S, Oka H, Iidaka T,
Kodama R, Kawaguchi H, et al. Is osteopo-
rosis a predictor for future sarcopenia or
vice versa? Four-year observations be-
tween the second and third ROAD study
surveys. Osteoporos Int 2017;28:189–199.

27. Etheridge BS, Beason DP, Lopez RR, Alonso
JE, McGwin G, Eberhardt AW. Effects of
trochanteric soft tissues and bone density

on fracture of the female pelvis in experi-
mental side impacts. Ann Biomed Eng
2005;33:248–254.

28. Robinovitch SN, McMahon TA, Hayes WC.
Force attenuation in trochanteric soft tis-
sues during impact from a fall. J Orthop
Res 1995;13:956–962.

29. Coin A, Sergi G, Beninca P, Lupoli L, Cinti G,
Ferrara L, et al. Bone mineral density and
body composition in underweight and nor-
mal elderly subjects. Osteoporos Int 2000;
11:1043–1050.

30. Busse B, Bale HA, Zimmermann EA,
Panganiban B, Barth HD, Carriero A, et al.
Vitamin D deficiency induces early signs
of aging in human bone, increasing the risk
of fracture. Sci Transl Med 2013;5:193ra88-
ra88.

31. Seeman E. Evidence that calcium supple-
ments reduce fracture risk is lacking. Clin
J Am Soc Nephrol 2010;5:S3–S11.

32. Bonjour J-P, Schurch M-A, Rizzoli R. Nutri-
tional aspects of hip fractures. Bone 1996;
18:S139–S144.

33. Ghodsi SM, Roudsari BS, Abdollahi M,
Shadman M. Fall-related injuries in
the elderly in Tehran. Injury 2003;34:
809–814.

34. Krall EA, Dawson-Hughes B. Heritable and
life-style determinants of bone mineral
density. J Bone Miner Res 1993;8:1–9.

35. Park S. Health. Aging, and Body Composi-
tion Study: Accelerated loss of skeletal
muscle strength in older adults with type
2 diabetes: The Health, Aging, and Body
Composition Study. Diabetes Care 2007;
30:1507–1512.

36. Napoli N, Chandran M, Pierroz DD,
Abrahamsen B, Schwartz AV, Ferrari SL.
Mechanisms of diabetes mellitus-induced
bone fragility. Nat Rev Endocrinol 2017;
13:208–219.

37. Cappuccio FP, Meilahn E, Zmuda JM,
Cauley JA, SoOFR G. High blood pressure
and bone-mineral loss in elderly white
women: a prospective study. The Lancet
1999;354:971–975.

38. Ye Z, Lu H, Liu P. Association between es-
sential hypertension and bone mineral
density: a systematic review and meta-
analysis. Oncotarget 2017;8:68916–68927.

39. Chin K, Evans M, Cornish J, Cundy T, Reid I.
Differences in hip axis and femoral neck
length in premenopausal women of Poly-
nesian. Asian Eur Origin Osteopor Int
1997;7:344–347.

40. Vestergaard P, Mosekilde L. Hyperthyroid-
ism, bone mineral, and fracture risk—a
meta-analysis. Thyroid 2003;13:585–593.

41. Dadwal G, Schulte-Huxel T, Kolb G. Effect
of antithrombotic drugs on bone health. Z
Gerontol Geriatr 2020;53:457–462.

Underweight and hip fracture 2479

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2473–2479
DOI: 10.1002/jcsm.13046


	Incidence of hip fracture in underweight individuals: a nationwide �population�&hyphen;�based cohort study in Korea
	Introduction
	Materials and methods
	Study design and data collection
	Classification of underweight
	Definition of hip fracture and follow&hyphen;up
	Demographic, social, and �health�&hyphen;�related variables
	Statistical analysis

	Results
	Baseline characteristics
	Association between hip fracture and the degree of underweight
	Subgroup analysis

	Discussion
	Conclusion
	Conflict of interest
	Funding
	References

