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INTRODUCTION

Osteoporosis is a major public health problem worldwide and 
a socioeconomic burden.1,2 It is characterized by low bone min-

eral density and is associated with an increased risk of low-
trauma fractures.3 Osteoporotic fractures increase disability and 
mortality in older people and decrease quality of life.2 There-
fore, risk factor identification to reduce fracture incidence is es-
sential for the implementation of preventive measures.4 

Protective relationships between hip fracture outcomes and 
self-reported lifetime sun exposure in older adults have been 
investigated. In previous studies, sun exposure was classified 
into 6-point scales (0–5; never, seldom, now and then, regularly, 
often, very often) according to sunlight exposure degree, and hip 
fracture risk decreased dose dependently.5,6 One study found a 
statistically significant correlation between hip fracture inci-
dence, ultraviolet (UV) radiation, and latitude in older adults. 
The risk of hip fracture in North Sweden was higher than that 
in South Sweden, suggesting that environmental factors have a 
protective effect.7 Accordingly, we focused on the effect of sun-
light exposure on overall fractures, including hip fracture.
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Cumulative UV radiation exposure is an important deter-
minant for skeletal health.8 Studies have suggested that UV ra-
diation is one of the few environmental exposures that can pro-
tect against hip fracture.4 Sun exposure is recommended for 
bone health; however, to the best our knowledge, the quantifi-
cation of sunlight exposure time has not been investigated in 
patients with osteoporosis. Therefore, in this study, we aimed 
to investigate the association between daily sunlight exposure 
duration and fracture in older Korean adults with osteoporosis 
using data from the Korea National Health and Nutrition Ex-
amination Survey (KNHANES). Furthermore, we aimed to fur-
ther investigate the association based on serum 25-hydroxyvi-
tamin D levels.

MATERIALS AND METHODS

Study population
This cross-sectional study utilized data from the 2008–2011 
KNHANES. The KNHANES is a nationwide population-based, 
cross sectional health examination and survey annually con-
ducted by the Korean Ministry of Health and Welfare and the 
Division of Chronic Disease Surveillance of the Korean Centers 
for Disease Control and Prevention.

Among the 37753 subjects of the 2008–2011 KNHANES, 2078 
patients were diagnosed with osteoporosis using dual-energy 
X-ray absorptiometry. Of these, 128 patients with physician-di-
agnosed rheumatoid arthritis, a cause of secondary osteoporosis 
and a risk factor for fracture,1 were excluded. From the remain-
ing 1950 patients, those without data on daily sunlight exposure 
duration, fracture, or serum 25-hydroxyvitamin levels were fur-
ther excluded. Finally, 638 subjects aged ≥65 years were includ-
ed in the analysis (Fig. 1).

All participants provided written informed consent before 
participation in the study, and the KNHANES was conducted 
following ethical approval by the Institutional Review Board of 
the Korea Centers for Disease Control and Prevention (No. 
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, and 
2011-02CON-06C). The protocol of this study was approved by 
the Institutional Review Board of Yonsei University, Seoul, Ko-
rea (No. 4-2020-0267).

Data collection
In our study, variables used in the Fracture Risk Assessment 
Tool for evaluating the 10-year fracture probability developed 
by the World Health Organization9 were considered when ad-
justing the risk factors, and the value was calculated.

Subjects were interviewed by trained staff using standard-
ized health questionnaires, which included questions on demo-
graphic information, medical history, parental history of osteo-
porosis diagnosis or fracture, history of smoking and alcohol 
intake, and daily sunlight exposure duration. In regards to femur, 
wrist, and spine fractures, the questionnaire was designed to 

collect information on whether or not the patient had ever been 
diagnosed with these fractures. Subjects with one or more frac-
tures of the femur, wrist, and spine were classified into the frac-
ture group. Bone mineral density of the total femur, femoral 
neck, and spine was examined using dual-energy X-ray absorp-
tiometry in postmenopausal female and male aged ≥50 years. 
Osteoporosis was diagnosed based on a T-score of ≤-2.5. The 
bone mineral density of the femoral neck was also included in 
the analysis.

Daily sunlight exposure duration was assessed using sur-
veys and categorized as <5 h or ≥5 h. A questionnaire was sur-
veyed on the average of the time spent directly being exposed to 
the sun without wearing sunglasses or a hat during the day after 
19 years of age. Body mass index (BMI) was calculated by divid-
ing weight (kg) by the square of height (m2). Current smoking 
was defined as lifetime consumption of more than five packs of 
cigarettes (100 cigarettes) and still smoking cigarettes. Monthly 
alcohol intake was defined as drinking more than once a month 
during the past year. Physical activity was defined as engaging 
in moderate or vigorous exercise on a regular basis (≥20 min at 
a time, at least 3 times per week).10 Daily calcium intake was 
calculated from all foods consumed during the day through a 

Subjects from the 2008–2011 KNHANES 
(n=37753)

Subjects not diagnosed with rheumatoid 
arthritis (n=1950)

Subjects with data on daylight exposure 
duration, serum 25-hydroxyvitamin D 
level, and fracture (n=914)

Subjects aged ≥65 years 
[n=638 (78 male, 560 female)]

Subjects aged <65 years (n=276)

Subjects with rheumatoid 
arthritis (n=128)

Subjects without osteoporosis 
(n=35675)

Subjects without data on 
daylight exposure duration, 
serum 25-hydroxyvitamin 
D level, and fracture (n=1036)

Subjects diagnosed with osteoporosis based 
on T-score measured using dual energy 
X-ray absorptiometry (n=2078)

Fig. 1. Flow diagram of the selection of study subjects. KNHANES, Korea 
National Health and Nutrition Examination Survey.
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24-hour recall survey. Serum 25-hydroxyvitamin D levels were 
measured with a radioimmunoassay kit (DiaSorin Inc., Still-
water, MN, USA) using a gamma counter (1470 WIZARD; Perki-
nElmer Inc., Waltham, MA, USA). The 25-hydroxyvitamin D 
level for effective fracture prevention and preservation of bone 
mineral density is over 75 nmol/L.11 Therefore, our study used 
75 nmol/L as the criterion for assessing vitamin deficiency.

Statistical analysis
The KNHANES uses a stratified, multistage, clustered probabil-
ity sampling method for selection a representative sample of the 
non-institutionalized, civilian Korean population. Therefore, 
the statistical analyses in this study were conducted by adopt-
ing stratification, clustering, and weight variables.

The characteristics of the subjects classified according to the 
presence of total fracture and subtype (femur, wrist, spine) are 
expressed as means and standard deviations for continuous 
variables and as numbers and percentages for categorical vari-
ables. An independent t-test was used to compare the continu-
ous variables and a chi-squared test for categorical variables. 
Differences between subjects with ≥5 h and <5 h daily sunlight 
exposure were evaluated using a chi-squared test based on the 
presence of total fracture.

Multivariate logistic regression analysis was performed to an-
alyze the association between daily sunlight exposure duration 
and the odds ratio (OR) of total fracture. Relative risks were esti-
mated in terms of ORs and 95% confidence intervals (CIs). We 
adjusted for multiple variables that showed significant associa-
tions in the univariate analysis and those based on clinical rel-
evance. After calculating crude ORs (model 1), model 2 was 
adjusted for age, sex, parental history of osteoporosis diagno-
sis or fracture, bone mineral density of the femoral neck, se-
rum 25-hydroxyvitamin D level, and BMI. Model 3 was fur-
ther adjusted for current smoking, alcohol intake, daily 
calcium intake, and physical activity. All logistic regression 
analysis variables were examined for multicollinearity, and 
only those variables with a variance inflation factor <5 were 
used. All statistical analyses were performed using IBM SPSS 
version 25 (IBM Corp., Armonk, NY, USA). The level of statisti-
cal significance was set at p<0.05, and p values were two-tailed.

RESULTS

Demographic characteristics of the subjects
A total of 638 subjects were included in this study (Fig. 1). Table 1 

Table 1. Demographic Characteristics according to Fracture in Older Korean Adults with Osteoporosis

Characteristic
Fracture

p value
No (n=527) Yes (n=111)

Age (yr) 72.50±0.28 74.47±0.58 0.003
Female 459 (85.3)  101 (89.1) 0.365
BMI (kg/m2) 23.30±0.18 23.10±0.35 0.610
BMD of the femoral neck (g/cm2) 0.53±0.01 0.50±0.01 0.002
T-score of the femoral neck -2.60±0.05 -2.86±0.07 0.002
25-hydroxyvitamin D (nmol/L) 45.42±1.21 46.36±2.07 0.698
Daily calcium intake (mg) 389.50±43.75 308.65±23.10 0.044
Osteoporosis diagnosis or parental history of fracture   68 (12.6) 15 (17.7) 0.314
Current smoking 0.019

Yes   47 (10.8)   5 (3.5)
No 476 (89.2) 106 (96.5)

Monthly alcohol intake 0.816
Yes 104 (18.4)   18 (17.4)
No 419 (81.6)   93 (82.6)

Physical activity* 0.002
Yes 250 (47.4)   37 (27.7)
No 273 (52.6)   74 (72.3)

10-year fracture probability (%)† 3.39±0.08 5.71±0.25 <0.001
Daily sunlight exposure 0.030

<5 h 355 (72.3) 87 (83.1)
≥5 h 172 (27.7) 24 (16.9)

BMI, body mass index; BMD, bone mineral density.
Data were obtained from the 2008–2011 Korean National Health and Nutrition Examination Survey. p values were calculated using an independent t-test or chi-
squared test. Continuous variables are expressed as means and standard deviations, and categorical variables are expressed as unweighted numbers and per-
centages.
*Defined as engaging in moderate or vigorous exercise on a regular basis (≥20 min at a time, at least three times per week), †Calculated using the Fracture Risk 
Assessment Tool according to the World Health Organization.
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shows the demographic characteristics of the subjects accord-
ing to total fracture. The prevalence rates of total fracture and 
non-fracture were 17.4% (n=111) and 82.6% (n=527), respec-
tively. 

Of all 638 patients, 560 were female; 78 were male; and 196 
(31%) had ≥5 h of daily sunlight exposure. Those in the frac-
ture group were older and had a higher 10-year fracture prob-
ability than those in the group without fracture. Bone mineral 
density and T-scores of the femoral neck, daily calcium intake, 
current smoking, and regular physical activity, as well as daily 
sunlight exposure duration, were lower in the fracture group (all 
p<0.05). No significant differences were found in sex, BMI, se-
rum 25-hydroxyvitamin D levels, parental history of osteopo-
rosis diagnosis or fracture, and alcohol intake between the two 
groups (all p>0.05).

Regarding subtype (femur, wrist, spine) of fractures, 14 pa-
tients were diagnosed with femoral fracture; 68, wrist fracture; 
and 41, spine fracture. Female sex was predominantly associ-
ated with wrist fracture, and in patients with spine fracture, al-
cohol intake was less prevalent (all p<0.05, data not shown).

Association between daily sunlight exposure duration 
and fracture and subtype (femur, wrist, spine) 
fractures 
Table 2 shows the ORs and 95% CIs for fracture and fracture 
subtype (femur, wrist, spine) according to duration of daily 
sunlight exposure in 638 patients with osteoporosis aged ≥65 
years. The model was adjusted for age, sex, parental history of 
osteoporosis diagnosis or fracture, bone mineral density of the 
femoral neck, BMI, serum 25-hydroxyvitamin D, current smok-
ing, alcohol intake, physical activity, and daily calcium intake. 
The OR for fracture was 0.55 times lower in the group with ≥5 
h of daily sunlight exposure than in the group with <5 h of ex-
posure (95% CI 0.31–0.97 for model 3). Moreover, the OR for 
femoral fracture was 0.18 times lower in the group with ≥5 h of 
daily sunlight exposure than in the group with <5 h of exposure 
(95% CI 0.03–0.91 for model 2), although there was no signifi-
cant association in the final model.

Association between daily sunlight exposure duration 
and fracture based on serum 25-hydroxyvitamin D 
level 
Table 3 shows the ORs and 95% CIs for fracture according to 
daily sunlight exposure duration and serum 25-hydroxyvita-
min D level. Among the 638 subjects, 583 (91.38%) had vita-
min D insufficiency. This model was also adjusted for age, sex, 
parental history of osteoporosis diagnosis or fracture, bone min-
eral density of the femoral neck, BMI, serum 25-hydroxyvita-
min D, current smoking, alcohol intake, physical activity, and 
daily calcium intake.

In patients with serum 25-hydroxyvitamin D <75 nmol/L, daily 
sunlight exposure was significantly associated with a reduction 
in the OR for fracture. The OR for fracture was 0.52 times lower 

Table 2. Unadjusted and Adjusted ORs (95% CI) of Fracture and Fracture 
Subtype (Femur, Wrist, Spine) according to Daily Sunlight Exposure 
Duration in Older Korean Adults with Osteoporosis from the KNHANES 
2008–2011

Multivariate model
Model 1

OR (95% CI)
Model 2

OR (95% CI)
Model 3

OR (95% CI)
Total fracture (n=111)

Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.53 (0.30–0.95)

p=0.032
0.53 (0.29–0.97)

p=0.039
0.55 (0.31–0.97)

p=0.040
Femoral fracture (n=14)

Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.20 (0.04–0.95)

p=0.043
0.18 (0.03–0.91)

p=0.038
0.21 (0.04–1.19)

p=0.077
Wrist fracture (n=68)

Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.60 (0.30–1.22)

p=0.159
0.59 (0.28–1.22)

p=0.152
0.49 (0.24–1.02)

p=0.055
Spine fracture (n=41)

Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.67 (0.28–1.63)

p=0.374
0.75 (0.30–1.91)

p=0.550
0.72 (0.26–1.98)

p=0.523

OR, odds ratio; CI, confidence interval; KNHANES, Korean National Health 
and Nutrition Examination Survey.
Model 1 was crude. Model 2 was adjusted for age, sex, parental history of 
osteoporosis diagnosis or fracture, body mass index, bone mineral density of 
the femoral neck, and serum 25-hydroxyvitamin D. Model 3 was adjusted for 
current smoking, alcohol intake, daily calcium intake, and physical activity in 
addition to Model 2’s variables.

Table 3. Unadjusted and Adjusted ORs (95% CI) of Total Fracture ac-
cording to Daily Sunlight Exposure Duration and Serum 25-Hydroxyvita-
min D Level in Older Korean Adults with Osteoporosis from the KNHANES 
2008–2011

Multivariate model
Model 1

OR (95% CI)
Model 2

OR (95% CI)
Model 3

OR (95% CI)
Serum 25-hydroxyvitamin D <75 nmol/L 

Total fracture (n=102)
Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.51 (0.27–0.94)

p=0.031 
0.51 (0.28–0.96)

p=0.036
0.52 (0.28–0.97)

p=0.041
Serum 25-hydroxyvitamin D ≥75 nmol/L

Total fracture (n=9)
Sunlight exposure <5 h Reference Reference Reference

Sunlight exposure ≥5 h
0.68 (0.11–4.28)

p=0.666
1.01 (0.15–6.69)

p=0.991
0.98 (0.16–6.17)

p=0.985

OR, odds ratio; CI, confidence interval; KNHANES, Korean National Health 
and Nutrition Examination Survey.
Model 1 was crude. Model 2 was adjusted for age, sex, parental history of 
osteoporosis diagnosis or fracture, body mass index, bone mineral density of 
the femoral neck, and serum 25-hydroxyvitamin D. Model 3 was adjusted for 
current smoking, alcohol intake, daily calcium intake, and physical activity in 
addition to Model 2’s variables.

in the group with ≥5 h of daily sunlight exposure than in the 
group with less exposure (95% CI 0.28–0.97 for model 3). Howev-
er, in patients with serum 25-hydroxyvitamin D ≥75 nmol/L, daily 
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sunlight exposure was not significantly associated with the OR 
for fracture. Since the number of patients with serum 25-hy-
droxyvitamin D ≥75 nmol/L was small in this study and vitamin 
D inadequacy is common among South Koreans,12 we changed 
the cutoff of vitamin D deficiency to 50 nmol/L according to 
another definition13 and reanalyzed. With a lower cutoff value 
of 50 nmol/L, in patients with serum 25-hydroxyvitamin D ≥50 
nmol/L, daily sunlight exposure was significantly associated 
with a reduction in the OR for fracture. The OR for fracture was 
0.45 times lower in the group with ≥5 h of daily sunlight expo-
sure than in the group with less exposure (95% CI 0.22–0.94 for 
model 3) (Supplementary Table 1, only online).

DISCUSSION

This cross-sectional study of data from the 2008–2011 KNHANES 
showed that longer sunlight exposure of ≥5 h decreased the 
OR for fracture among older Korean adults with osteoporosis. 
Previous studies have reported that the incidence of distal fore-
arm and hip fractures has seasonal variations that decrease in 
summer and increase in winter.14,15 However, to our knowledge, 
this study is the first to quantitatively investigate a direct asso-
ciation between sunlight exposure duration and fracture in 
older adults with osteoporosis.

A low level of vitamin D is known as a risk factor for fall16,17 and 
fracture,18,19 especially as a predictor of major osteoporotic frac-
ture.20 Older people seldom stay outside in the sunshine and of-
ten lack sufficient vitamin D.21 In addition, the hydroxylation of 
vitamin D into active metabolites decreases with age.21 Vita-
min D deficiency resulting from this ultimately leads to increase 
bone turnover and cortical bone loss.21 Vitamin D also helps 
neuromuscular function remain in an optimal state and increas-
es balance and muscle strength and coordination.22 Along these 
pathways, vitamin D deficiency may contribute to the patho-
genesis of fracture.21

However, despite there being a correlation between sunlight 
exposure duration and serum 25-hydroxyvitamin D levels, 
longer duration of daily sunlight exposure resulted in reduced 
fracture OR in subjects with serum 25-hydroxyvitamin D insuf-
ficiency in our study. We performed a mediation analysis23 of 
25-hydroxyvitamin D levels that mediate the association of sun-
light exposure and fracture, and the result was 3.41%. This im-
plies that sunlight exposure may play a role in the prevention of 
fracture independent of serum 25-hydroxyvitamin D. A few 
studies support this finding.8,24 One study showed no correla-
tion between UV index and serum 25-hydroxyvitamin D levels 
in older adults with hip fracture.24 Furthermore, sunlight expo-
sure may have a direct effect on bone or bone metabolism apart 
from vitamin D synthesis. Research has indicated that cumula-
tive increases in sun exposure, independent of vitamin D con-
centration, have a protective effect against fracture in older fe-
males8 and against osteoporotic fracture in older adults.5,6 In 

addition, a recent study suggested that decreased sunlight ex-
posure during daytime negatively affects nocturnal melatonin 
peak.25 Melatonin influences bone metabolism by stimulating 
bone growth and inhibiting osteoclast activity,26 and one study 
reported that decreased serum melatonin levels are associated 
with increased bone loss in postmenopausal female.27 Although 
there are few data on sun exposure in terms of bone health,28 it 
needs further study because its biological mechanism of action 
about bone is still unknown.

One third of older adults in the community and 60% of older 
adults in long-term care experience a fall accident at least once 
a year.29 Of these, the greatest problem is hip fracture, which ac-
counts for more than 20% of all orthopedic patients,30 and the 
morbidity, mortality and economic costs of hip fractures are 
high, particularly in older individuals.31 Research has shown 
that hip fracture is one of the most serious osteoporotic compli-
cations,4 and one study showed that female aged 65 years or 
older who had their first hip fracture event were four times more 
likely to undergo subsequent episodes, compared to the gener-
al population.32 Therefore, prevention of femoral fracture among 
fractures is important, which can be expected with greater sun-
light exposure. In the present study, although it was not signif-
icant in the final model, the effect of daily sunlight exposure 
≥5 h reduced the OR for fracture in older adults with osteopo-
rosis by 82%, compared with daily sunlight exposure <5 h, and 
the prevention effect on femoral fracture was relatively higher.

This study had some limitations. First, this was a cross-sec-
tional study. Thus, a causal relationship between daily sunlight 
exposure duration and fracture could not be assessed. Second, 
due to the small number of subjects in our study, there is a pos-
sibility of selection bias in selecting subjects. In addition, in the 
subgroup analysis according to the fracture type and serum 25- 
hydroxyvitamin D level, the sample size was further reduced. 
A prospective longitudinal study with a larger sample should 
be conducted to verify this relationship. Third, because sun-
light exposure is a subjective variable in self-reported question-
naire, recall and reporting biases might have occurred. Howev-
er, KNHANES survey interviews were conducted by well-trained 
staff to obtain consistent and reliable answers. Furthermore, a 
study reported that plasma 25-hydroxyvitamin D level reflects 
only recent sun exposure.33 However, a recent study has shown 
that one-time measurement of plasma 25-hydroxyvitamin D 
levels could reasonably reflect long-term vitamin D status and 
sun exposure.34 Therefore, our study is considered appropriate 
for the analysis of the association with fracture risk. Fourth, UV 
exposure and sunlight absorption can differ significantly de-
pending on geographic location, time of season and day, race, 
occupation, outdoor activity, lifestyle factors, and sunscreen us-
age.4 In our study, we were unable to collect detailed informa-
tion on the variables related to sun exposure because structured 
cross-sectional KNHANES data were used. Therefore, research 
should be conducted to minimize the effect of various ambient 
UV exposure levels. However, since the subjects of our study 
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have similar conditions, such as skin types, race, latitude, cli-
mate, etc., factors that can affect UV exposure and sunlight ab-
sorption are considered relatively controlled. Fifth, the 5 hours 
we used as a cut-off for sunlight exposure duration in our study 
is a high value. In Western countries, the recommended daily 
sunlight exposure duration needed to maintain adequate stores 
of vitamin D is 15–30 min,35 and a study in South Asians living 
in the United Kingdom revealed that more than 90 min was re-
quired for raising vitamin D concentrations.36 However, 271.3 
minutes of sun exposure at 15 o’clock in December were re-
quired for sufficient vitamin D3 synthesis in Naha, Japan, which 
is located at a similar latitude to South Korea (Naha: 26°12'N, 
127°41'E, 27.5 m; South Korea: 35°95'N, 128°25'E).37 Consider-
ing this, it is reasonable to categorize the duration of exposure 
to sunlight as 5 hours. Moreover, data regarding the duration of 
exposure to sunlight in KNHANES were collected through health 
interviews by trained staff members as a categorical variable 
based on the cut-off of 5 hours of sun exposure per day. Since 
exposure to sunlight for 5 hours a day is unlikely to occur in 
everyday life, further studies using dose–response relations or 
continuous variables are needed. Sixth, previous history of 
fracture was not reflected in our study. Further study is neces-
sary to consider prior history of fracture, as it can increase the 
risk of subsequent fracture. Seventh, the association of daily 
sunlight exposure duration and OR for fracture differed de-
pending on the cutoff of vitamin D deficiency. Further pro-
spective study with larger sample will be needed.

Nevertheless, this is the first study to quantitatively investigate 
associations between sunlight exposure duration and fracture 
in older adults with osteoporosis. By presenting environmen-
tal factors, we suggest sunlight exposure as a novel protective 
factor against fracture in older individuals with osteoporosis. 
We provide an important theoretical basis for various treat-
ments and preventive approaches for fractures in these indi-
viduals. Increasing sunlight exposure in older adults with os-
teoporosis and vitamin D insufficiency would also likely prevent 
fractures. The implications of our findings could be further de-
veloped in future prospective and longitudinal studies. 

In conclusion, this quantitative cross-sectional analysis of 
data from the 2008–2011 KNHANES revealed that the OR of 
fracture decreased with longer sunlight exposure in patients 
with osteoporosis aged ≥65 years. The OR of fracture was low-
ered by 0.55 times in the group with daily sunlight exposure of 
≥5 h than in the group with less sunlight exposure (p=0.040). 
In addition, even if the serum 25-hydroxyvitamin D level was 
<75 nmol/L, the OR of fracture was lowered by 0.52 in patients 
exposed to sunlight for ≥5 h daily than in those exposed to sun-
light for <5 h daily (p=0.041). Hence, increasing daily levels of 
sunlight exposure could be an early preventive strategy against 
fractures in older adults with osteoporosis.
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