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Young cancer survivors have lower 
bone mineral density compared 
with healthy controls: a nationwide 
population-based study in Korea
Hyoeun Kim   , Sunmi Yoo   * & Seung Guk Park   

Direct effects of cancer cells and various cancer treatments can cause bone loss in cancer survivors. The 
aim of this study was to assess the risk of bone loss in Korean cancer survivors, and the relationship 
between body composition and bone mineral density (BMD). We hypothesized that cancer survivors 
would have lower BMD than healthy people, and increased muscle mass has a protective effect on 
BMD. We measured BMD and body composition in 259 cancer survivors (99 men and 160 women). 
Subjects were selected from the Korean National Health and Nutrition Survey conducted from 2008 to 
2011. Body composition and BMD were measured by dual-energy X-ray absorptiometry. We examined 
the linear trend of lumbar BMD according to tertiles of lean mass (LM) and fat mass (FM) by linear 
regression, adjusting for age, alcohol consumption, smoking, exercise, 25-hydroxyvitamin D, height, 
protein intake, and menopausal status. Cancer survivors under 50 years of age had lower lumbar 
BMD compared with healthy controls (0.93 ± 0.04 g/cm2 vs. 1.02 ± 0.01 g/cm2, p = 0.032 in males; 
0.95 ± 0.02 g/cm2 vs. 0.98 ± 0.01 g/cm2, p = 0.015 in females). Lumbar BMD significantly increased from 
the lowest to highest tertiles of LM in male (p for trend < 0.001) and marginally significantly increased 
in female survivors (p for trend = 0.060). In this study of Korean cancer survivors, young survivors were 
at higher risk of having low lumbar BMD. Higher LM had beneficial effects on BMD in cancer survivors. 
To prevent osteoporosis and fractures, efforts to increase lean body mass, including bone, are needed 
for young cancer survivors.

Cancer negatively affects bone health by various mechanisms. Cancer cells can directly affect the number and 
size of bone cells1,2. Cancer cells directly damage micro-arterioles and bone through inflammatory reactions3. 
Therapeutic modalities for cancer treatment, including administration of anticancer drugs, corticosteroids, aro-
matase inhibitors in breast cancer, and androgen deprivation therapy in prostate cancer indirectly affect bone 
metabolism, decrease estrogen production, and induce ovarian failure1,3–5. Although cancer occurs more fre-
quently in the elderly population, patients who have experienced cancer at a young age have survived for a long 
time due to early diagnosis and successful treatment, and cancer survivors have increased in all ages1,2. Older 
cancer survivors experience health problems associated with cancer in addition to physiological changes from 
aging. Osteoporosis and fractures are examples of those health problems. With aging, bone density and muscle 
mass decrease, and fat mass (FM) increases. Increased mechanical loading of the musculoskeletal system such as 
resistance training leads to an increase in muscle size and bone density4,6.

Previous studies on the association between body composition and bone density in patients with cancer have 
focused primarily on women with breast cancer or on childhood cancer survivors2,7,8. Bone density change in 
male or Asian cancer survivors has not been a major concern. Furthermore, few studies have examined the rela-
tionship between body composition and bone density in cancer survivors, compared with the healthy population, 
considering age-related changes in lean mass (LM) and FM.

Therefore, our aim was to assess the increased risk of bone loss in Korean cancer survivors compared with 
the healthy general population, and also to evaluate the relationship between body composition and bone min-
eral density (BMD) in cancer survivors. In addition, we investigated the complex association between body 
composition and BMD in both male and female cancer survivors compared with age- and sex-matched healthy 
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individuals who had never been diagnosed with any cancer because age and sex are major risk factors associated 
with bone loss.

Methods
Subjects.  The subjects of this study were Korean individuals aged more than 19 years based on the Korea 
National Health and Nutrition Examination Survey (KNHANES) conducted from 2008 to 2011. The KNHANES 
provides representative and reliable statistics on the health and nutritional status of the Korean population 
through nationwide surveys. The subjects of KNHANES were selected using the multistage stratified cluster sam-
pling method. The KNHANES was conducted by the Korea Centers for Disease Control and Prevention. The 
original data of the KNHANES are public information that can be downloaded from the KNHANES homepage 
(http://knhanes.cdc.go.kr/) after approval.

The KNHANES conducted from 2008 to 2011 provided data on BMD screening. Among 28,377 individuals 
who participated in the KNHANES, 802 participants reported that “I have been diagnosed with cancer from my 
cancer doctor”. The types of cancer were classified as stomach, liver, colorectal, lung, and thyroid cancer in both 
sexes, as breast and cervical cancer in women, and as prostate cancer in men. Cancer sites in anatomical areas 
other than those mentioned above had been classified as other sites. In the case of a benign tumor, skin cancer, 
carcinoma in situ, or cancers of unknown origin were excluded from the cancer survivor category. Participants 
who had chronic diseases (n = 431; diabetes mellitus, hypertension, asthma, chronic obstructive pulmonary dis-
ease, angina or myocardial infarction, stroke, or arthritis) or did not undergo dual-energy X-ray absorptiometry 
(DXA) (n = 233) were excluded from the study. A total of 259 individuals (99 men and 160 women) were included 
in the cancer survivor group. Age and sex were important covariates that affect cancer incidence, bone density, 
and body composition, respectively. Therefore, healthy controls were selected from the population without cancer 
(n = 27,575), excluding 15,400 individuals who had chronic diseases (n = 8,783) or who did not undergo DXA 
(n = 9,349). Then, we conducted case-control matching by randomly assigning cancer survivors and healthy con-
trols with case-control ratios of 1:5 by age and sex. Finally, 1,295 participants (495 men and 800 women) were 
included in the healthy control group.

Data collection.  The survey participants visited the mobile examination center and underwent 
computer-assisted personal interviews regarding the health questionnaire areas, such as education, economic 
activities, morbidity, and medical use. A computer-assisted self-interview was conducted to assess health behav-
iors, such as smoking and drinking habits and mental health. The examinee underwent a health examination 
including physical examination (body weight, height), blood pressure measurement, blood test (serum alkaline 
phosphatase, 25-hydroxyvitamin D3), and BMD test at the examination center. Highly trained medical staff per-
formed the medical interview and health examination. The staff members completed an intensive training course 
before the survey.

Rural residents were defined as those who lived in areas of the country other than Seoul, Gyeonggi, and six 
metropolitan cities. Education level was classified into less than 9 years of schooling, including compulsory pri-
mary and middle school education, and higher education. The income level was divided into quartiles based on 
individual income, and those in the lowest quartile income were classified as low income groups. The definition 
used for heavy drinking was similar to that in the KNHANES. Intake of seven or more standard drinks (men) 
or four or more drinks (women) for two times or more in a month was classified as heavy drinking. Sufficient 
physical activity was defined as walking for more than 30 minutes at least 5 times a week, performing moderate 
intensity activity for more than 30 min at least 5 times a week, or performing high-intensity activity for more than 
20 min at least 3 times a week. We defined lack of physical activity as not meeting the recommended goal of suf-
ficient physical activity. Current smokers were defined as those who have smoked 100 or more cigarettes in their 
lifetime and who currently smoke. Family history of fracture due to minor trauma or osteoporosis was evaluated. 
Menopausal status was determined by self-report in women.

Body weight was measured using a weighing scale (Giant 150 N; Hana Co. Ltd., Seoul, Korea) with light 
clothing and no shoes. Weight was measured to the nearest 0.1 kg. Height was measured using a stadiometer 
(Holtain Ltd, Crymych, UK) in a standing straight position with no shoes. Height was accurately recorded to the 
nearest 0.1 cm. Body mass index (BMI) was expressed in weight/height2 (kg/m2). BMD was measured by DXA 
(Discovery QDR4500W, Hologic Inc., Bedford, Massachusetts, USA) at the lumbar spine (lumbar spine 1–4) and 
femur (total femur, trochanter, inter-trochanter, femoral neck, Ward's triangle). The participant was laid straight 
on his or her back on the center of the scan table and a lumbar positioner was placed under the thigh to straighten 
the spine. In the measurement, 30 randomly selected samples were measured twice. The acceptable range was 
below 1.9% in the lumbar spine and 2.5% in the femoral neck based on the International Society for Clinical 
Densitometry (ISCD) recommendations. LM (g) and FM (g) were also measured using DXA. The LM used in 
this study included bone mass.

The nutrition survey was conducted through a face-to-face interview in the interviewee's home. Dietary 
intake, including daily total energy (kcal), protein (g), and calcium (mg), was estimated using 24-h recall and a 
food frequency questionnaire by a well-trained nutritionist. Venous blood samples were collected after overnight 
fasting. Blood samples were immediately stored at the appropriate temperature and transported to the Central 
Testing Institute in Seoul, Korea, and analyzed within 24 h. The serum 25-hydroxyvitamin D3 (25(OH)D) levels 
(ng/mL) were measured by radioimmunoassay (1470 Wizard gamma counter; PerkinElmer, Finland). Serum 
alkaline phosphatase (ALP, IU/L) level was measured using a Hitachi automatic analyzer 7600 (Hitachi, Japan).

Statistical analysis.  We compared baseline characteristics of cancer survivors and sex- and age-matched 
healthy controls. The chi-square test was used for categorical variables and the t-test was used for continuous 
variables. Data were expressed as the estimated percentage or estimated mean ± standard error. A p-value < 0.05 
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was considered statistically significant. Bone health characteristics of the participants were stratified by age, sex, 
and menopausal status. Significant age-related differences were observed between subgroups, and the results 
were compared after adjustment for age. All analyses were separately conducted for each group aged more than 
50 years or less than 50 years9,10. Aging is a clinical risk factor for osteoporosis in men and BMD testing is recom-
mended for men older than 50 years who had additional risk factors for fracture9.

We tested for a linear trend of lumbar BMD according to tertiles of LM (kg) and FM (kg) by linear regression. 
Subjects were divided into three groups equally distributed by 33.3% of individuals based on the tertiles of LM 
(kg) and FM (kg). Cut point values of tertiles of LM and FM in each group are presented. We measured linear 
trend by assigning LM and FM categories into a regression model as a continuous term. The potential confound-
ers were considered including heavy drinking, current smoking, exercise, 25(OH)D level (ng/mL), height (m), 
daily protein intake (g/d)11, age (<50 years or ≥50 years)12, and menopausal status (premenopausal or postmen-
opausal, in women). Statistical analysis was performed using SPSS (version 25 for Windows, SPSS, Inc., Chicago, 
IL, USA). This study does not contain any identifiable personal information.

Ethics approval and consent to participate.  This study design was approved by the appropriate ethics 
review boards and conforms to the provisions of the Declaration of Helsinki in 1995 (as revised in Edinburgh 
2000). All participants voluntarily participated in the study and provided informed consent. The Korean National 
Health and Nutrition Survey (KNHANES) has been approved by the institutional review board of the Korea 
Centers for Disease Control and Prevention (2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 
2011-02CON-06-C).

Results
Characteristics of cancer survivors and sex- and age-matched healthy controls are shown in Table 1. Among 
the 259 cancer survivors, the mean times between a cancer diagnosis and the survey were 6.45 years (stand-
ard error = 0.66) and 6.24 years (standard error = 0.44) in men and women, respectively. The most frequently 
reported cancer sites in men were the stomach (n = 35, 31.1%), colorectum (n = 13, 13.8%), liver (n = 10, 13.0%), 
thyroid gland (n = 7, 7.9%), lung (n = 5, 5.0%), prostate (n = 4, 5.4%), and other sites (n = 25, 23.9%). The 
most common sites in women were the breast (n = 38, 23.2%), cervix (n = 35, 21.9%), thyroid gland (n = 34, 
21.9%), stomach (n = 18, 13.4%), colorectum (n = 11, 5.5%), lung (n = 4, 1.7%), and other sites (n = 20, 12.4%). 
Prevalence of current smoking and heavy alcohol consumption were higher in healthy controls than in cancer 
survivors, while there were no significant differences in physical inactivity between the two groups. Serum ALP 
level was higher in cancer survivors than in healthy controls in both men and women. There were more postmen-
opausal women in the cancer survivor group. The mean age, education, income status, family history of fracture, 
BMI, serum 25(OH)D level, and daily intake of calories, protein, and calcium did not show a significant difference 
between the two groups (Table 1).

Male Female

Cancer survivors
(n = 99)

Healthy controls
(n = 495) p-value

Cancer survivors
(n = 160)

Healthy controls
(n = 800) p-value

Age (years) 58.13 ± 1.89 57.11 ± 0.96 0.621 49.05 ± 0.96 49.03 ± 0.42 0.989

Rural residence (%) 31.6 33.9 0.704 29.3 26.4 0.466

Duration of education ≤9 years (%) 42.1 46.7 0.486 36.1 37.2 0.812

Low income (%) 26.5 23.7 0.640 24.9 21.5 0.420

Heavy drinking (%) 33.2 47.2 0.039 8.9 17.4 0.024

Physical inactivity (%) 43.5 42.5 0.892 48.7 46.6 0.696

Currently smoke cigarettes (%) 28.4 52.2 0.003 2.8 7.1 0.110

Have family history of fracture (%) 8.7 13.1 0.216 22.4 20.5 0.637

Prior fragility fracture (%) 15.0 9.0 0.252 3.1 5.5 0.311

Body mass index (kg/m2) 22.76 ± 0.29 23.28 ± 0.15 0.104 23.46 ± 0.44 23.27 ± 0.12 0.671

Lean mass (kg) 45.50 ± 0.75 46.84 ± 0.37 0.099 34.38 ± 0.40 34.08 ± 0.17 0.485

Fat mass (kg) 16.34 ± 0.48 16.21 ± 0.18 0.794 18.07 ± 0.64 18.06 ± 0.20 0.991

ALP (IU/L) 264.65 ± 8.61 234.58 ± 3.18 0.001 244.25 ± 8.88 213.45 ± 3.17 0.001

25-Hydroxyvitamin D (ng/mL) 18.88 ± 0.91 20.71 ± 0.50 0.080 18.05 ± 0.68 17.09 ± 0.29 0.178

Total calorie intake (kcal/day) 2036.76 ± 119.17 2211.22 ± 48.50 0.169 1675.68 ± 60.65 1662.67 ± 27.84 0.847

Total protein intake (g/day) 70.70 ± 4.84 77.36 ± 2.39 0.213 59.17 ± 2.75 58.99 ± 1.10 0.950

Total calcium intake (mg/day) 578.86 ± 52.77 519.24 ± 23.59 0.307 511.12 ± 38.38 463.21 ± 12.74 0.239

Postmenopausal (%) NA NA NA 66.6 45.3 <0.001

Table 1.  Clinical characteristics of cancer survivors and sex- and age- matched healthy controls. Numbers were 
showed as absolute numbers before the weighting. Data were expressed as the estimated means ± standard error 
or estimated percentage. P-values were for the chi-square test for categorical variables and t-test for continuous 
variables. A p- value of less than 0.05 was considered as statistically significant Abbreviations: ALP, alkaline 
phosphatase; NA, not applicable;
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We compared BMD and T-scores at various sites between cancer survivors and healthy groups after stratify-
ing by age into those younger than 50 years, and those over 50 years of age. A statistically significant difference 
was found in lumbar BMD of young survivors compared with healthy groups (0.93 ± 0.04 vs. 1.02 ± 0.01 g/cm2, 
p = 0.032 in males; 0.95 ± 0.02 g/cm2 vs. 0.98 ± 0.01 g/cm2, p = 0.015 in females). There was no significant dif-
ference in the BMD of the femur neck or the total femur in cancer survivors versus healthy groups in either sex 
(Tables 2 and 3).

We performed additional analyses to examine the BMD with respect to the distribution of LM and FM. 
Cancer survivors and healthy controls were divided into three groups according to the LM or FM, and the mean 
BMD was compared in each group. Table 4 shows that the BMD in the lumbar spine increased linearly with an 
increase of LM and FM after adjusting for potential confounding factors. There was a significant linear correlation 
between BMD and LM in male (p for trend < 0.001) and female survivors showed a marginal correlation between 
BMD and LM (p for trend = 0.060). The linear correlation between FM and BMD was significant in male cancer 
survivors (p for trend = 0.019) and healthy women (p for trend < 0.001) after adjustment (Table 4).

Discussion
This nationwide Korean study confirms that Korean cancer survivors aged less than 50 years had lower BMD in 
the lumbar spine compared with healthy controls. Our results also demonstrated that LM had protective effects 
on lumbar BMD in adult cancer survivors as it had in healthy controls, even after consideration of covariates.

Bone density of men reached a peak when they were in their thirties and then gradually decreased, while 
women maintained their bone mass until their forties until it rapidly decreased in their fifties in the general 
population of Korea. The rate of decrease in bone mineral density varied by the measurement site; prevalence 
of osteoporosis of the femoral neck began to increase at 55 years of age for men and 60 years of age for women, 
while lumbar osteoporosis began at a younger age13. We found that cancer survivors have decreased lumbar bone 
density before their fifties, while healthy adults do not yet begin to lose lumbar bone density. High serum ALP in 
cancer survivors also suggests more bone turnover and loss of bone mass. The ALP level is a biochemical marker 
of bone turnover that is inversely related with BMD5. More female cancer survivors experienced menopause than 
healthy controls, suggesting that cancer-associated early menopause contributed to bone mineral density reduc-
tion. Since cancer survivors in our study were afflicted with various types of cancer, it is likely that the reduction 
in bone mineral density in cancer survivors is not limited to specific types of cancers. A six-year follow-up study 
of survivors of gastric cancer, a common cancer among Koreans, found that one-third of gastric cancer survivors 
had osteoporosis14. The proportion of the trabecular bone that is metabolically more active and responsive to 
hormones is more abundant in the lumbar spine than in the femoral neck15,16. Trabecular bone also has a higher 
turnover rate than cortical bone, and it may affect vulnerability to cytotoxic chemotherapeutic agents17.

Young (<50 years) Old (≥50 years)

Cancer survivors
(n = 14)

Healthy comparison
(n = 70) p-value

Cancer survivors
(n = 85)

Healthy comparison
(n = 425) p-value

Femur neck BMD (g/cm2) 0.83 ± 0.04 0.88 ± 0.01 0.179 0.72 ± 0.02 0.73 ± 0.01 0.351

Total femur BMD (g/cm2) 0.97 ± 0.04 1.01 ± 0.01 0.234 0.89 ± 0.01 0.91 ± 0.01 0.188

Lumbar spine BMD (g/cm2) 0.93 ± 0.04 1.02 ± 0.01 0.032 0.90 ± 0.02 0.93 ± 0.01 0.072

Femur neck T-score −0.28 ± 0.29 0.29 ± 0.11 0.059 −1.03 ± 0.12 −0.91 ± 0.05 0.351

Total femur T-score 0.06 ± 0.21 0.45 ± 0.08 0.083 −0.37 ± 0.10 −0.23 ± 0.04 0.188

Lumbar spine T-score −0.81 ± 0.28 −0.10 ± 0.11 0.020 −1.06 ± 0.12 −0.81 ± 0.07 0.072

Table 2.  Age-adjusted characteristics of bone health at various sites by aged 50 years or older in men. Numbers 
were showed as absolute numbers before the weighting. Data were expressed as the estimated means ± standard 
error. The t-test was used for comparing two groups of continuous data. A p- value of less than 0.05 was 
considered as statistically significant. Abbreviations: BMD, bone mineral density.

Young (<50 years) Old (≥50 years)

Cancer survivors
(n = 76)

Healthy comparison
(n = 380) p-value

Cancer survivors
(n = 84)

Healthy comparison
(n = 420) p-value

Femur neck BMD (g/cm2) 0.74 ± 0.01 0.75 ± 0.01 0.452 0.66 ± 0.01 0.66 ± 0.01 0.653

Total femur BMD (g/cm2) 0.89 ± 0.01 0.90 ± 0.01 0.530 0.80 ± 0.01 0.81 ± 0.01 0.248

Lumbar spine BMD (g/cm2) 0.95 ± 0.02 0.98 ± 0.01 0.015 0.81 ± 0.02 0.83 ± 0.01 0.306

Femur neck T-score −0.56 ± 0.12 −0.46 ± 0.05 0.461 −1.37 ± 0.10 −1.32 ± 0.05 0.653

Total femur T-score 0.34 ± 0.12 0.40 ± 0.06 0.656 −0.48 ± 0.11 −0.34 ± 0.05 0.248

Lumbar spine T-score −0.53 ± 0.13 −0.20 ± 0.06 0.015 −1.72 ± 0.14 −1.56 ± 0.07 0.306

Table 3.  Age-adjusted characteristics of bone health at various sites by aged 50 years or older in women. 
Numbers were showed as absolute numbers before the weighting. Data were expressed as the estimated 
means ± standard error. The t-test was used for comparing two groups of continuous data. A p- value of less 
than 0.05 was considered as statistically significant. Abbreviations: BMD, bone mineral density.
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Previous studies on the association between body composition and BMD suggested that LM was a positive 
predictor of BMD in both sexes10,18. Our result confirmed that a protective effect of LM on BMD was also evident 
in cancer survivors. However, the relationship between FM and BMD showed inconsistent results across studies 
with various sex and age groups. In some studies, FM was significantly associated with increased lumbar BMD, 
especially in postmenopausal women16,19–21. Another study showed that increased abdominal fat had a nega-
tive22,23 or null association with BMD24. In studies on men, FM was inversely23, positively19,25 or not correlated 
with BMD26. The adipose tissue provides a simple static load on the bone, whereas LM applies a dynamic load 
through muscle contraction. Thus, it is plausible that LM is more important in bone health than FM7,27. Excessive 
FM may not be beneficial for bone mass. Adipose tissues release inflammatory cytokines such as TNF-α (Tumor 
Necrosis Factor- α), IL-1 (Interleukin 1), and IL-6 (Interleukin 6), which lead to articular bone erosions10,28.

We have confirmed that young cancer survivors are at increased risk of bone loss following cancer diagnosis 
and its treatment. Interventions should be implemented to prevent premature fractures and minimize bone loss 
in young cancer survivors. Measurement of BMD can be considered to determine the bone density status of 
cancer survivors at younger ages than for patients among the general population. Moderate-intensity aerobic 
or resistance exercise may help maintain bone health after cancer treatment29. Our results showed that smoking 
and alcohol consumption by the cancer survivors were significantly lower than those of the healthy population, 
suggesting they chose a healthier lifestyle after a cancer diagnosis. In contrast, physical inactivity, dietary protein, 
and calcium intake were similar in healthy controls. Further intervention is required to prevent bone loss and 
increase lean mass.

Our study has several strengths. Previous studies on the association of body composition and BMD were 
mainly conducted on patients from the general population, and studies on cancer survivors were still limited. 
This is one of the few investigations that have evaluated the association of body composition and BMD in can-
cer survivors. It is a large population-based study of both male and female cancer survivors for an average of 6 
years after a cancer diagnosis with various cancer types. Most previous studies on body composition and BMD 
have been limited to women who had breast cancer for several months after diagnosis2,7,8. However, our study 
included survivors with various cancers, both young and old. Our analysis of both men and women enabled us to 
evaluate differences in the relationship between body composition and BMD according to sex. We conducted a 
case-control matching analysis, wherein we assigned a healthy control to cancer survivors with case-control ratios 
of 1:5 by sex and age, thereby maintaining balance across important covariates between them and considering 
age-related changes in bone density and body composition.

Our results should be interpreted in the context of several limitations. We did not have data available to inves-
tigate the effect of cancer stage and therapeutic methods on BMD. We also did not analyze age- and sex- adjusted 
BMD z-scores for subjects younger than 50 years of age. Due to the cross-sectional design of the Korean National 
Health and Nutrition Survey (KNHANES), we did not confirm the temporal relationship. The KNHANES did 
not distinguish between surgical and normal menopause after removal of the uterus with or without both ovaries.

Lean mass*
First tertile
(range, kg)

Second tertile
(range, kg)

Third tertile 
(range, kg) P for trend

Men, cancer survivor (32.68–41.75) (42.03–46.79) (47.01–57.03)

Fully adjusted (g/cm2) 0.82 ± 0.03 0.96 ± 0.02 0.97 ± 0.03 <0.001

Men, healthy (28.24–42.70) (42.75–47.92) (47.94–74.35)

Fully adjusted (g/cm2) 0.87 ± 0.02 0.95 ± 0.02 0.99 ± 0.02 <0.001

Women, cancer survivor (23.96–31.91) (31.95–35.27) (35.28–53.12)

Fully adjusted (g/cm2) 0.95 ± 0.04 0.97 ± 0.03 1.02 ± 0.04 0.060

Women, healthy (19.04–31.73) (31.74–35.41) (35.45–53.64)

Fully adjusted (g/cm2) 0.88 ± 0.01 0.88 ± 0.01 0.90 ± 0.01 0.249

Fat mass†
First tertile
(range, kg)

Second tertile
(range, kg)

Third tertile 
(range, kg) P for trend

Men, cancer survivor (3.58–10.36) (10.75–14.73) (14.88–25.80)

Fully adjusted (g/cm2) 0.85 ± 0.03 0.91 ± 0.03 0.98 ± 0.03 0.019

Men, healthy (2.96–10.88) (10.90–14.63) (14.66–39.91)

Fully adjusted (g/cm2) 0.96 ± 0.02 0.94 ± 0.02 0.95 ± 0.01 0.855

Women, cancer survivor (4.19–14.80) (14.92–19.37) (19.46–38.64)

Fully adjusted (g/cm2) 0.98 ± 0.04 0.94 ± 0.04 0.98 ± 0.03 0.171

Women, healthy (4.23–15.60) (15.62–19.46) (19.51–39.91)

Fully adjusted (g/cm2) 0.85 ± 0.01 0.89 ± 0.01 0.92 ± 0.01 <0.001

Table 4.  Lumbar spine bone mineral density (BMD) according to group specific tertiles of lean mass or fat 
mass. Data were expressed as the estimated means ± standard error. *Adjusted for fat mass, drinking, smoking, 
exercise, 25(OH)D (ng/mL), height (m), daily protein intake (g/day), age groups (<50 or ≥50 years) and 
menopausal status (pre- or postmenopausal, in women). †Adjusted for lean mass, drinking, smoking, exercise, 
25(OH)D (ng/mL), height (m), daily protein intake (g/day), age groups (<50 or ≥50 years) and menopausal 
status (pre- or postmenopausal, in women).
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In conclusion, younger cancer survivors were at increased risk for low lumbar BMD 6 years after their cancer 
diagnosis compared to age- and sex-matched healthy controls without cancer history. Higher amounts of LM 
had beneficial effects on BMD in cancer survivors. Further research is needed to develop optimal methods of 
screening for osteoporosis and to discover preventive strategies that will increase lean mass and promote bone 
health in cancer survivors.

Received: 20 August 2019; Accepted: 2 January 2020;
Published: xx xx xxxx

References
	 1.	 Drake, M. T. Osteoporosis and Cancer. Current osteoporosis reports 11, 163–170, https://doi.org/10.1007/s11914-013-0154-3 (2013).
	 2.	 Artese, A. L. et al. Body composition and bone mineral density in breast cancer survivors and non-cancer controls: A 12- to 

15-month follow-up. European journal of cancer care 27, e12824, https://doi.org/10.1111/ecc.12824 (2018).
	 3.	 Wei, R. L. et al. Bone mineral density loss in thoracic and lumbar vertebrae following radiation for abdominal cancers. Radiotherapy 

and oncology: journal of the European Society for Therapeutic Radiology and Oncology 118, 430–436, https://doi.org/10.1016/j.
radonc.2016.03.002 (2016).

	 4.	 Lee, H., McGovern, K., Finkelstein, J. S. & Smith, M. R. Changes in bone mineral density and body composition during initial and 
long-term gonadotropin-releasing hormone agonist treatment for prostate carcinoma. Cancer 104, 1633–1637, https://doi.
org/10.1002/cncr.21381 (2005).

	 5.	 Hwang, J. H., Song, S. H., Lee, J. K., Lee, N. W. & Lee, K. W. Bone mineral density after concurrent chemoradiation in patients with 
uterine cervical cancer. Menopause (New York, N.Y.) 17, 416–420, https://doi.org/10.1097/gme.0b013e3181b9b11f (2010).

	 6.	 Demark-Wahnefried, W., Winer, E. P. & Rimer, B. K. Why women gain weight with adjuvant chemotherapy for breast cancer. Journal 
of clinical oncology: official journal of the American Society of Clinical Oncology 11, 1418–1429, https://doi.org/10.1200/
jco.1993.11.7.1418 (1993).

	 7.	 George, S. M. et al. Disentangling the body weight-bone mineral density association among breast cancer survivors: an examination 
of the independent roles of lean mass and fat mass. BMC cancer 13, 497, https://doi.org/10.1186/1471-2407-13-497 (2013).

	 8.	 Sheean, P. et al. Assessing the prevalence of compromised bone health among overweight and obese African-American breast cancer 
survivors: a case-control study. Journal of cancer survivorship: research and practice 10, 21–30, https://doi.org/10.1007/s11764-015-
0448-9 (2016).

	 9.	 Watts, N. B. et al. Osteoporosis in Men: An Endocrine Society Clinical Practice Guideline. The Journal of Clinical Endocrinology & 
Metabolism 97, 1802–1822, https://doi.org/10.1210/jc.2011-3045 (2012).

	10.	 Kim, Y. M. et al. Variations in fat mass contribution to bone mineral density by gender, age, and body mass index: the Korea National 
Health and Nutrition Examination Survey (KNHANES) 2008–2011. Osteoporosis International 27, 2543–2554, https://doi.
org/10.1007/s00198-016-3566-y (2016).

	11.	 Kim, B. J., Lee, S. H., Isales, C. M., Koh, J. M. & Hamrick, M. W. The positive association of total protein intake with femoral neck 
strength (KNHANES IV). Osteoporosis international: a journal established as result of cooperation between the European Foundation 
for Osteoporosis and the National Osteoporosis Foundation of the USA 29, 1397–1405, https://doi.org/10.1007/s00198-018-4451-7 
(2018).

	12.	 Melton, L. J., Atkinson, E. J., O’Connor, M. K., O’Fallon, W. M. & Riggs, B. L. Bone Density and Fracture Risk in Men. 13, 1915–1923, 
https://doi.org/10.1359/jbmr.1998.13.12.1915 (1998).

	13.	 Lee, J., Lee, S., Jang, S. & Ryu, O. H. Age-Related Changes in the Prevalence of Osteoporosis according to Gender and Skeletal Site: 
The Korea National Health and Nutrition Examination Survey 2008–2010. Endocrinology and metabolism (Seoul, Korea) 28, 
180–191, https://doi.org/10.3803/EnM.2013.28.3.180 (2013).

	14.	 Yoo, S. H. et al. Risk of osteoporosis after gastrectomy in long-term gastric cancer survivors. Gastric cancer: official journal of the 
International Gastric Cancer Association and the Japanese Gastric Cancer Association 21, 720–727, https://doi.org/10.1007/s10120-
017-0777-7 (2018).

	15.	 Wells, G. et al. Meta-analyses of therapies for postmenopausal osteoporosis. V. Meta-analysis of the efficacy of hormone replacement 
therapy in treating and preventing osteoporosis in postmenopausal women. Endocrine reviews 23, 529–539, https://doi.org/10.1210/
er.2001-5002 (2002).

	16.	 Saarelainen, J. et al. Body fat distribution is associated with lumbar spine bone density independently of body weight in 
postmenopausal women. Maturitas 69, 86–90 (2011).

	17.	 Kaste, S. C. Bone-mineral density deficits from childhood cancer and its therapy. A review of at-risk patient cohorts and available 
imaging methods. Pediatric radiology 34, 373–378; quiz 443–374, https://doi.org/10.1007/s00247-003-1132-1 (2004).

	18.	 Ho-Pham, L. T., Nguyen, U. D. & Nguyen, T. V. Association between lean mass, fat mass, and bone mineral density: a meta-analysis. 
The Journal of clinical endocrinology and metabolism 99, 30–38, https://doi.org/10.1210/jc.2013-3190

	19.	 Marwaha, R. K. et al. Relationship of body fat and its distribution with bone mineral density in Indian population. Journal of clinical 
densitometry: the official journal of the International Society for Clinical Densitometry 16, 353–359, https://doi.org/10.1016/j.
jocd.2012.08.074 (2013).

	20.	 Nur, H., Toraman, N. F., Arica, Z., Sarier, N. & Samur, A. The relationship between body composition and bone mineral density in 
postmenopausal Turkish women. Rheumatology international 33, 607–612, https://doi.org/10.1007/s00296-012-2391-7 (2013).

	21.	 Zhu, K., Hunter, M., James, A., Lim, E. M. & Walsh, J. P. Associations between body mass index, lean and fat body mass and bone 
mineral density in middle-aged Australians: The Busselton Healthy Ageing Study. Bone 74, 146–152 (2015).

	22.	 Fu, X. et al. Associations of fat mass and fat distribution with bone mineral density in pre- and postmenopausal Chinese women. 
Osteoporosis international: a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA 22, 113–119, https://doi.org/10.1007/s00198-010-1210-9 (2011).

	23.	 Lichtenstein, A. H., Dawson-Hughes, B., Hannan, M. T., Bhupathiraju, S. N. & Tucker, K. L. Centrally located body fat is associated 
with lower bone mineral density in older Puerto Rican adults. The American Journal of Clinical Nutrition 94, 1063–1070, https://doi.
org/10.3945/ajcn.111.016030 (2011).

	24.	 Genaro, P. S., Pereira, G. A., Pinheiro, M. M., Szejnfeld, V. L. & Martini, L. A. Influence of body composition on bone mass in 
postmenopausal osteoporotic women. Archives of gerontology and geriatrics 51, 295–298, https://doi.org/10.1016/j.
archger.2009.12.006 (2010).

	25.	 Pluijm, S. M. F. et al. Determinants of Bone Mineral Density in Older Men and Women: Body Composition as Mediator. Journal of 
Bone and Mineral Research 16, 2142–2151, https://doi.org/10.1359/jbmr.2001.16.11.2142 (2001).

	26.	 Douchi, T. et al. Relative contribution of lean and fat mass component to bone mineral density in males. Journal of bone and mineral 
metabolism 21, 17–21, https://doi.org/10.1007/s007740300003 (2003).

	27.	 Shapses, S. A. & Sukumar, D. Bone metabolism in obesity and weight loss. Annual review of nutrition 32, 287–309, https://doi.
org/10.1146/annurev.nutr.012809.104655 (2012).

https://doi.org/10.1038/s41598-020-57503-y
https://doi.org/10.1007/s11914-013-0154-3
https://doi.org/10.1111/ecc.12824
https://doi.org/10.1016/j.radonc.2016.03.002
https://doi.org/10.1016/j.radonc.2016.03.002
https://doi.org/10.1002/cncr.21381
https://doi.org/10.1002/cncr.21381
https://doi.org/10.1097/gme.0b013e3181b9b11f
https://doi.org/10.1200/jco.1993.11.7.1418
https://doi.org/10.1200/jco.1993.11.7.1418
https://doi.org/10.1186/1471-2407-13-497
https://doi.org/10.1007/s11764-015-0448-9
https://doi.org/10.1007/s11764-015-0448-9
https://doi.org/10.1210/jc.2011-3045
https://doi.org/10.1007/s00198-016-3566-y
https://doi.org/10.1007/s00198-016-3566-y
https://doi.org/10.1007/s00198-018-4451-7
https://doi.org/10.1359/jbmr.1998.13.12.1915
https://doi.org/10.3803/EnM.2013.28.3.180
https://doi.org/10.1007/s10120-017-0777-7
https://doi.org/10.1007/s10120-017-0777-7
https://doi.org/10.1210/er.2001-5002
https://doi.org/10.1210/er.2001-5002
https://doi.org/10.1007/s00247-003-1132-1
https://doi.org/10.1210/jc.2013-3190
https://doi.org/10.1016/j.jocd.2012.08.074
https://doi.org/10.1016/j.jocd.2012.08.074
https://doi.org/10.1007/s00296-012-2391-7
https://doi.org/10.1007/s00198-010-1210-9
https://doi.org/10.3945/ajcn.111.016030
https://doi.org/10.3945/ajcn.111.016030
https://doi.org/10.1016/j.archger.2009.12.006
https://doi.org/10.1016/j.archger.2009.12.006
https://doi.org/10.1359/jbmr.2001.16.11.2142
https://doi.org/10.1007/s007740300003
https://doi.org/10.1146/annurev.nutr.012809.104655
https://doi.org/10.1146/annurev.nutr.012809.104655


7Scientific Reports |          (2020) 10:654  | https://doi.org/10.1038/s41598-020-57503-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

	28.	 Zhu, K. et al. Gender differences in the relationships between lean body mass, fat mass and peak bone mass in young adults. 
Osteoporosis international: a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA 25, 1563–1570, https://doi.org/10.1007/s00198-014-2665-x (2014).

	29.	 Winters-Stone, K. M., Schwartz, A. & Nail, L. M. A review of exercise interventions to improve bone health in adult cancer survivors. 
Journal of Cancer Survivorship 4, 187–201, https://doi.org/10.1007/s11764-010-0122-1 (2010).

Author contributions
Hyoeun Kim, Sunmi Yoo, and Seung Guk Park contributed to the study concept and design. Hyoeun Kim 
analyzed and interpreted the data. Hyoeun Kim, Sunmi Yoo and Seung Guk Park wrote the manuscript. Hyoeun 
Kim, and Sunmi Yoo critically revised the manuscript for important intellectual content. All authors approved the 
final version of the manuscript submitted.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.Y.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-57503-y
https://doi.org/10.1007/s00198-014-2665-x
https://doi.org/10.1007/s11764-010-0122-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Young cancer survivors have lower bone mineral density compared with healthy controls: a nationwide population-based study  ...
	Methods

	Subjects. 
	Data collection. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results

	Discussion

	Table 1 Clinical characteristics of cancer survivors and sex- and age- matched healthy controls.
	Table 2 Age-adjusted characteristics of bone health at various sites by aged 50 years or older in men.
	Table 3 Age-adjusted characteristics of bone health at various sites by aged 50 years or older in women.
	Table 4 Lumbar spine bone mineral density (BMD) according to group specific tertiles of lean mass or fat mass.




