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Purpose

Although several studies have suggested that osteoporosis is common in survivors of gastric
cancer (GC), no study to date has directly assessed the risk for osteoporosis in GC survivors
compared to matched controls. Thus, we aimed to investigate the relative risk for osteo-
porosis in survivors of GC compared to general population.

Materials and Methods

We used the Korea National Health and Nutrition Examination Survey data (2008-2011).
Patients with a history of GC (n=94) were defined as case among 8,142 individuals over
50 years old who were evaluated by dual-energy X-ray absorptiometry. Controls (n=470)
were matched to cases by age and sex in a 1:5 ratio. Osteopenia (-2.5 < T-score < -1.0)
and osteoporosis (T-score < -2.5) were defined.

Results

The prevalence of osteoporosis in GC survivors was 30.2%, which was significantly greater
than that of controls (19.7%). In total, GC survivors had a 3.7-fold increased risk for osteo-
porosis compared to controls (p=0.021). In addition, the risk for osteoporosis of the total
proximal femur total (TF) and femur neck (FN) was significantly increased among GC sur-
vivors compared to controls (adjusted relative risk, 4.64; 95% confidence interval, 1.16 to
18.6 in TF and adjusted relative risk, 3.58; 95% confidence interval, 1.19 to 10.8 in FN).
Furthermore, we found sub-optimal daily calcium intake and mean serum levels of 25-
hydroxy-vitamin D in both groups.

Conclusion

GC survivors are at significantly increased risk for osteoporosis, especially in the femur. Clin-
ically, our finding supports the importance of screening bone health and adequate nutrient
supplementation in survivors of GC.
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Introduction

As of 2012, gastric cancer was the fifth most common can-
cer worldwide [1]. Although the incidence of gastric cancer
has decreased rapidly in Western countries, it remains the
second most common cancer in Asia [2]. In South Korea, gas-
tric cancer is the second leading cause of cancer behind thy-
roid cancer [3]. However, owing to increasing rates of parti-
cipation in national gastric cancer screening programs [4]
and development of endoscopic examinations leading to ear-
lier detection and initiation of treatment [5], more than half
of gastric cancers detected in Korea are identified at T1 stage
without lymph node metastasis. Advancements in treatment
modalities for gastric cancer including extensive lymph node
dissection and availability of effective chemotherapy regi-
mens has led to an increase in long-term survival [6]. Indeed,
the 5-year survival rate for all gastric cancer is now 67%,
while that of early stage gastric cancer is 92% [7]. This
improvement in survival rates for gastric cancers has her-
alded significant attention as a model of how to address and
appropriately mange long-term health problems.

The sequelae of undergoing treatment for gastric cancer
include malnutrition, poor bone health and decreased qual-
ity of life [8-10]. Poor bone health predisposes patients to
osteoporosis and an increased risk of fracture, which can
cause physical disability and is associated with a high rate of
mortality [11]. Indeed, several previous studies have repor-
ted a high prevalence of osteoporosis [9,12] and osteoporotic
fracture [13,14] in survivors of gastric cancer post-gastrec-
tomy. Lim et al. [9] reported that the prevalence of osteoporo-
sis after gastrectomy was 38.3% among 133 gastric cancer
survivors and compared factors that predict osteoporosis
stratified by sex among gastric cancer survivors, but not with
healthy controls. Similarly, Yoo et al. [12] investigated the
prevalence of osteoporosis and associated factors in gastric
cancer survivors. In their study, they indirectly compared the
prevalence of osteoporosis in gastric cancer survivors with
that of the general population based on the results of other
studies but did not consider nutrient intake or nutrient sta-
tus. Lastly, in the Mediterranean Osteoporosis Study, the rel-
ative risk for hip fracture in men who underwent gastrec-
tomy due to all gastric diseases including cancer was 1.78
(95% confidence interval [CI], 1.13 to 2.85) compared to con-
trols [14].

Studies directly comparing bone health between patients
with gastric cancer and that of the general population are
rare. Therefore, this aim of this study was to assess the rela-
tive risk for osteoporosis in gastric cancer survivors com-
pared to the general population free of cancer using data
from the Korea National Health and Nutrition Examination
Survey (KNHNES).

Materials and Methods

1. Study population

We used KNHNES data collected between July 2008 and
May 2011. KNHNES is a nationwide representative cross-
sectional survey consisting of a clustered, multistage, strati-
fied, probability-sampling design using household registries.
The survey includes demographic, socioeconomic, medical,
and dietary information [15]. The survey questionnaires were
administrated by trained investigators except information
related to health behaviors that was performed based on self-
reported questionnaires.

Among an initial dataset comprising 21,303 subjects, we
selected 8,142 individuals who had undergone dual-energy
X-ray absorptiometry (DXA) and were more than 50 years
old. We excluded 330 individuals with a history of cancer
other than gastric cancer, leaving 7,812 subjects, from which
a total of 94 gastric cancer survivors were identified based
on the question: “Have you ever been diagnosed with gastric
cancer by a doctor?” Four hundred seventy controls who
were free of any cancers were matched by 1:5 ratio for each
case of gastric cancer with exact age and sex. In subgroup
analysis, gastric cancer survivors were divided into two
groups according to the period after gastric cancer diagnosis
(< 5 years, > 5 years).

2. Diagnosis of osteoporosis and osteopenia

Bone mineral density (BMD) at the total proximal femur
(TF), femoral neck (FN), and lumbar spine (LS; first to fourth
lumbar spine) was measured by DXA (Hologic Inc., Bedford,
MA). T-scores were calculated among postmenopausal
women and men more than 50 years or 50 years old using
the Asian (Japanese) reference curve supplied by the manu-
facturer. Osteoporosis and osteopenia were defined by
T-score according to the World Health Organization defini-
tion [16]. A normal density was defined as T-score > -1.0,
osteopenia was defined as a T-score between -1.0 and -2.5,
and osteoporosis was defined as T-score < -2.5.

3. Additional variables

Body weight and height were measured to the nearest 0.1
kg and 0.1 cm, respectively, with subjects wearing light cloth-
ing without shoes. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared and
was analyzed as a continuous variable. Smoking status was
categorized as never smoker, former, and current smoker
based on self-reported questionnaire. Alcohol consumption
was classified by frequency as < 2 times per week or = 2 times

VOLUME 51 NUMBER 2 APRIL 2019 531



Cancer Res Treat. 2019;51(2):530-537

Table 1. Baseline characteristics of the study population

Variable No gastric cancer Gastric cancer e
(n=470) survivor (n=94)

Age (yr) 65.740.5 66.5+1.1 1.00

Sex
Male 330 (70.4) 66 (68.8) 1.00
Female 140 (29.6) 28 (31.2)

Height (cm) 162.1£0.5 161.3+1.3 0.916

Weight (kg) 63.0+0.6 58.5+1.3 < 0.001

Body mass index (kg/m?) 23.9£0.2 22.4+0.5 <0.001

Household income?

Highest quartile 70 (19.4) 11 (11.6) 0.818
Third qurtile 90 (18.3) 16 (18.0)
Second quartile 138 (29.6) 27 (35.2)
Lowest quartile 170 (32.7) 37 (35.2)

Smoking status
Never smoker 180 (38.6) 32 (33.4) 0.437
Former and current smoker 290 (61.4) 62 (66.6)

Alcohol consumption (per week)
<2 331 (70.7) 76 (77.0) 0.040
=2 139 (29.3) 18 (23.0)

Moderate to intense physical activity
Yes 350 (72.7) 74 (75.4) 0.383
No 120 (27.3) 20 (24.6)

Hypertension
No 228 (49.9) 56 (50.1) 0.050
Yes 242 (62.3) 38(37.7)

Diabetes
No 368 (78.3) 78 (85.8) 0.308
Yes 102 (21.7) 16 (14.2)

Undergoing health check-ups for recent 2 years
Yes 296 (63.1) 67 (69.4) 0.125
No 174 (36.9) 27 (30.6)

Calcium intake (mg/day)® 481.0+20.8 439.2439.7 0.424
=800 60 (13.0) 17 (11.9) 0.798
< 800 384 (87.0) 77 (88.1)

25-Hydroxy—vitamin D (ng/mL)° 20.2+0.4 17.9 (1.2) 0.022
=20 206 (45.7) 33437.6 0.170
<20 233 (54.3) 52 (62.4)

Alkaline phosphatase (IU/L)? 246.616.1 279.7411.5 0.003
<250 282 (63.9) 36 (42.6) <0.001
=250 157 (36.1) 49 (57.4)

Parathyroid hormone (pg/mL)® 68.7£1.7 73.7£5.8 0.198
<65 237 (54.4) 41 (47.6) 0.384
> 65 202 (45.6) 43 (52.4)

Values are presented as weighted meantstandard error or number (weighted %). “Information on household income was
obtained in 559 subjects (468 controls and 91 cases), ®Information on calcium intake was obtained in 532 subjects (444 controls
and 88 cases), “Information on vitamin D levels and alkaline phosphatase and parathyroid hormone were obtained in 524
subjects (439 controls and 84 cases), ¥Information on parathyroid hormone was obtained in 523 subjects (439 controls and
83 cases).
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Table 2. Comparison of bone mineral density and T-scores between gastric cancer survivors and controls

No gastric cancer Gastric cancer

(n=470)

p-value

survivor (n=94)

Bone mineral density (g/cm?

Total femur 0.87+0.01 0.80+0.02 <0.001

Femur neck 0.70+0.01 0.65+0.02 0.003

Lumbar spine 0.90+0.01 0.83+0.02 <0.001
T-score

Normal (= -1.0) 150 (34.4) 15 (14.4) 0.002

Osteopenia (2.5 to -1.0) 224 (45.9) 48 (55.4)

Osteoporosis (< —2.5) 96 (19.7) 31 (30.2)

Values are presented as weighted meantstandard error or number (weighted %).

per week. Physical activity was classified based on whether
subjects engaged in intense to moderate physical activity for
at least 10 minutes during the prior week or not. Hyperten-
sion was defined as those who were taking anti-hypertensive
drug, had hypertension diagnosis history or systolic blood
pressure > 140 mm Hg, or diastolic blood pressure > 90 mm
Hg. Diabetes was defined as taking hypoglycemic agents,
having fasting blood glucose > 126 mg/dL. Quartile of hou-
sehold income was used to assess the socioeconomic status.
Experience of health check-up within recent 2 years was
asked and classified into yes or no.

In terms of nutrition intake and markers of bone metabo-
lism, daily calcium intake was assessed using a 24-hour recall
method the day before the survey and was classified by 800
mg according to recommended dietary allowance [17]. Fast-
ing blood samples were used to measure serum levels of 25-
hydroxy-vitamin D [25(0OH)D], alkaline phosphatase (ALP),
and parathyroid hormone (PTH). 25(0OH)D levels were cate-
gorized into two groups by 20 ng/mL. ALP levels were
divided by 250 IU/L, and PTH levels were divided by 65
pg/mL.

4. Statistical analysis

To represent the entire Korean population, weights were
assigned to each subject in order to give an equal probability
for sampling. All statistical analyses were performed consid-
ering sample weights, which were constructed based on the
survey design. All data were presented as mean with stan-
dard error or number with (weighted %). Differences bet-
ween cases and controls were analyzed using a two-tailed
Student’s t test for continuous variables and y? test for cate-
gorical variables. Multinomial logistic regression was used
to compare the relative risk for osteopenia and osteoporosis
between cases and controls after adjusting for factors that
could affect bone health, namely, age, sex, BMI, smoking sta-

tus, alcohol consumption physical activity in model 1. Model
2 additionally adjusted hypertension, diabetes, household
income and health check-up history. A multivariable logistic
regression model was used to compare differences in nutri-
tional status and biomarker levels between cases and con-
trols and between normal and osteoporosis. All statistical
analyses were performed using Stata ver. 14.1 (Stata Corp,
College Station, TX).

5. Ethical statement

All subjects participated voluntarily and provided infor-
med consent. The KNHANES was annually approved by the
institutional review board of the Centers for Disease Control
and Prevention (2008-04EXP-01-C, 2009-01CON-03-2C, 2010-
02CON-21-C, and 2011-02CON-06-C).

Results

1. Baseline characteristics

The general characteristics in the controls and gastric can-
cer survivors are shown in Table 1. The mean age and sex
distributions were similar in both groups due to age and sex
matching used to select controls. The weighted mean age
was 65.7+0.5 years in the control group and 66.5+1.1 years in
the gastric cancer survivor group. Approximately 30% of
subjects were female in both groups. The mean weight of
gastric cancer survivors (58.5+1.3 kg) was less than that of
controls (63.0£0.6 kg, p < 0.001). BMI was also lower in gas-
tric cancer survivors compared to controls (22.4 kg/m? vs.
23.9 kg/m?, p < 0.001). The prevalence of frequent alcohol
consumption was higher in controls compared to gastric can-
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Table 3. Multinomial logistic regression for osteoporosis according to gastric cancer history

Unadjusted Model 1 Model 2
RR (95% CI) p-value  Adjusted RR” (95% CI) p-value Adjusted RR” (95% CI) p-value

Overall

Normal 1.00 1.00 1.00

Osteopenia 1.50 (0.61-3.67) 0.376 2.70 (1.21-7.27) 0.017 2.80 (1.10-7.13) 0.031

Osteoporosis 3.30 (1.26-8.66) 0.015 3.51 (1.23-10.04) 0.019 3.72 (1.22-11.4) 0.021
Total femur

Normal 1.00 1.00 1.00

Osteopenia 1.79 (0.83-3.88) 0.137 1.42 (0.66-3.01) 0.373 1.13 (0.56-2.28) 0.725

Osteoporosis 8.84 (2.14-36.6) 0.003 4.30 (1.21-15.3) 0.024 4.64 (1.16-18.6) 0.030
Femur neck

Normal 1.00 1.00 1.00

Osteopenia 1.63 (0.76-3.50) 0.211 2.11(0.98-4.57) 0.057 1.96 (0.88-4.36) 0.051

Osteoporosis 3.01 (1.09-8.26) 0.033 2.74 (0.91-8.24) 0.072 3.58 (1.19-10.8) 0.023
Lumbar spine

Normal 1.00 1.00 1.00

Osteopenia 1.44 (0.66-3.18) 0.361 2.30 (1.08-4.89) 0.030 2.30 (1.10-4.83) 0.028

Osteoporosis 2.21(0.94-5.18) 0.068 2.27 (0.93-5.55) 0.073 2.17 (0.86-5.47) 0.099

RR, relative risk; CI, confidence interval. ?Model 1 was adjusted for age, sex, body mass index, smoking status, alcohol con-
sumption, and physical activity and Model 2 was adjusted for covariates in model 1 plus hypertension, diabetes, household

income and health check-up status in 559 subjects.

Table 4. Comparison of nutrient status and biomarker levels between gastric cancer survivor and controls

Unadjusted Model 1 Model 2
Adjusted OR? Adjusted OR?
OR (95% CI) p-value :95 % CI) p-value :95 % CI)

Calcium intake (mg/day)

> 800 1.00 1.00 1.00

<800 1.11 (0.50-2.43) 0.801 1.04 (0.46-2.31) 0.933 0.80 (0.36-1.81) 0.598
25-Hydroxy-vitamin D (ng/mL)

=20 1.00 1.00 1.00

<20 1.39 (0.77-2.51) 0.268 1.33 (0.73-2.41) 0.348 1.35 (0.73-2.51) 0.334
Alkaline phosphatase (IU/L)

<250 1.00 1.00 1.00

=250 2.39 (1.32-4.30) 0.004 2.05 (1.09-3.85) 0.027 2.30 (1.19-4.44) 0.013
Parathyroid hormone (pg/mL)

<65 1.00 1.00 1.00

> 65 1.31 (0.74-2.34) 0.354 1.28 (0.70-2.35) 0.429 1.41 (0.76-2.60) 0.277

OR, odds ratio; CI, confidence interval. *Model 1 was adjusted for age, sex, body mass index, smoking status, alcohol con-
sumption, and physical activity and Model 2 was adjusted for covariates in model 1 plus hypertension, diabetes, household
income and health check-up status.
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cer survivors. There was no significant difference in the level
of physical activity between controls and gastric cancer sur-
vivors.

Differences in the BMD of TF, EN, and LS are shown in
Table 2. The BMDs of TF, FN, and LS were lower in the gas-
tric cancer group compared to controls (all p < 0.05). Further-
more, 30.2% of gastric cancer survivors had osteoporosis,
which was higher than that of the control group (19.7%)
(p=0.002).

2. Risk of osteoporosis

In total, gastric cancer survivors had a 3.7-fold increased risk
for osteoporosis compared to controls (p=0.021) (Table 3). The
risk for TF and FN osteoporosis was significantly increased
in gastric cancer survivors compared to controls (adjusted
relative risk [aRR], 4.64; 95% CI, 1.16 to 18.6; p=0.030 in TF
and aRR, 3.58; 95% CI, 1.19 to 10.8; p=0.023 in FN). There was
no significant difference in the risk for LS osteoporosis
between the two groups (p=0.099).

According to the period after gastric cancer diagnosis
(before or after 5 years), The risk for osteopenia and osteo-
porosis was significantly increased in gastric cancer sur-
vivors (aRR, 5.89; 95% CI, 1.81 to 19.2 for osteopenia and aRR,
7.17; 95% CI, 1.62 to 31.8 for osteoporosis) in the group
exceeding 5 years after cancer diagnosis (S1 Table).

3. Nutrition status and biomarkers of bone metabolism

Daily calcium intake was insufficient in more than 87% of
subjects in both groups (Table 1). Only 11.9% of gastric can-
cer survivors satisfied the recommended level. The serum
25(0OH)D level was significantly lower in gastric cancer sur-
vivors compared to controls (17.9 ng/mL vs. 20.2 ng/mL)
(p=0.022), with 37.6% of gastric cancer survivors reaching a
concentration of 20 ng/mL. The mean ALP level in gastric
cancer survivors was higher than that of controls (p=0.003).
Lastly, mean PTH was not significantly different between the
two groups (p=0.198). Gastric cancer survivors were associ-
ated with elevated ALP (adjusted odds ration [aOR], 2.30;
95% CI,1.19 to 4.44) (Table 4). Low calcium intake and serum
25(0OH)D level were not significantly associated with gastric
cancer survivors compared to controls. In addition, elevated
ALP and PTH levels were associated with osteoporosis com-
pared to normal (aOR, 4.44; 95% CI, 1.99 to 9.91) and (aOR,
2.49; 95% CI, 1.15 to 5.40), respectively (52 Table).

Discussion

To the best of our knowledge, there have been only a few
studies to evaluate differences in BMD and relative risk for
osteoporosis in gastric cancer survivors compared to con-
trols. In the present study, we confirmed that BMD of the
femur and lumbar spine were lower in gastric cancer sur-
vivors compared to age- and sex-matched controls, and that
gastric cancer survivors have an approximately 4.6-fold and
3.6-fold increased risk for osteoporosis of TF and FN com-
pared to controls, respectively. In addition, we found that
88.1% and 62.4% of gastric cancer survivors have inadequate
levels of daily calcium intake and serum 25(OH)D levels.

Our results showed that gastric cancer survivors have a
lower BMD of the TF, FN, and LS and higher prevalence
(30.2%) of osteoporosis compared to controls (19.7%). The
high prevalence of osteoporosis was consistent with previous
studies [9,12,18,19]. A prior case-control study in 18 patients
after total gastrectomy reported that the adjusted mean dif-
ferences in BMD of the LS and FN were significantly less
than that of healthy controls [18]. However, that study was
adjusted only for height as a covariate due to relatively small
sample size. In addition, Adachi et al. [19] reported that sub-
jects who had undergone post-gastrectomy more than 5
years before had a 12.5% and 16.9% decrease of BMD of the
LS in men and women compared to age- and sex-matched
controls. In that study, only BMD of the LS was evaluated.

On the other hands, the prominent decrease of BMD was
observed in gastric cancer survivors after 5 years from cancer
diagnosis. This result suggests that osteoporosis may be a
problem after gastric cancer diagnosis rather than an inher-
ent problem before gastric cancer diagnosis.

The possible etiologies of increased risk of osteoporosis in
gastric cancer survivors include low calcium intake with mal-
absorption, low vitamin D levels, and weight loss. Firstly, we
found that calcium intake and calcium absorption were
inadequate in gastric cancer survivors. Specifically, more
than 88% of the patients in the present study had a daily cal-
cium intake less than 800 mg. Consistently, a cohort study of
1,289 patients after gastrectomy reported a daily calcium
intake around 600 mg [20]. In addition, calcium absorption,
which occurs primarily in the duodenum, can be interrupted
due to bypassing the duodenal surface secondary to rapid
transit of food [21]. Lastly, decreased gastric acidity after gas-
trectomy also contributes to the low absorption of calcium
[22].

Low serum vitamin D level may reflect either low intake
or malabsorption of vitamin D. The reported rate of vitamin
D deficiency (< 20 ng/mL) in gastric cancer survivors was
61.5% [23]. As vitamin D is fat-soluble, exocrine pancreatic
insufficiency after gastrectomy, which causes steatorrhea,
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could aggravate vitamin D malabsorption [24].

Low calcium intake and low serum vitamin D level after
gastric bypass surgery [25] or gastrectomy [22] may result in
secondary hyperparathyroidism, a physiological response
aimed at maintaining normal serum calcium and vitamin D
at the expense of bone mass. As such, increased bone tur-
nover reflected by elevated levels of PTH and ALP may
reflect osteoblastic activity [26]. A hyperparathyroid respon-
se can also cause deterioration of cortical bone microstruc-
ture with a reduction in cortical bone density and cortical
thickness [27], in contrast with anabolic effects on trabecular
bone, which predominates at the spine [28]. Our results also
demonstrated an increased risk for osteoporosis in TF and
EN rather than LS.

Weight loss may increase the risk for osteoporosis in gas-
tric cancer survivors. A previous study reported that marked
weight loss after gastrectomy is associated with osteoporosis
[12]. Likewise, bone loss is magnified in patients who have
undergone Roux-en-Y gastric bypass, which is also known
to cause the greatest degree of weight loss compared to other
types of bariatric surgery [27].

Among the general population, screening rates for osteo-
porosis are as low as 56% in women and 38% in men [29].
Furthermore, 88.4% of gastric cancer survivors are unaware
of the status of their bone health [30], despite the recommen-
dations of the American Gastroenterology Association [31].
In other words, both physicians and patients appear to be
generally unaware of the risks of osteoporosis in gastric can-
cer survivors. In terms of managing poor bone health, oral
supplementation of vitamin D and calcium could be an
effective method to stabilize PTH level and reduce bone loss
[32].

There were several strengths of the present study, foremost
of which was the use of a representative and comprehensive
national database that included information on medical his-
tory, DXA, bone biomarkers, and nutrient status. The main

limitation of this study was that we were not able to clarify
the specific treatment history for gastric cancer, such as total
gastrectomy, partial gastrectomy, or endoscopic submucosal
dissection (ESD) of local early stage gastric cancers. How-
ever, patients who have undergone ESD have also been
reported to have low vitamin D and calcium intake [21]. Fur-
thermore, definition of gastric cancer survivors was based on
questionnaire. Although the questionnaire was conducted
by professional interviewers, the accuracy of self-reported
cancer history could be low. A study reported that sensitivity
of self-reported cancer history was as low as 72% [33]. How-
ever, gastric cancer had relatively high sensitivity (78%) and
high positive predictive value (93%). In addition, reliability
for self-reported cancer history was ranged from 80% to
100% [34]. Lastly, we were not able to determine the reliabil-
ity of reported histories for factors associated with bone
health including fracture history, current osteoporosis treat-
ment, and supplementation of calcium and vitamin D.

In conclusion, we found that risk for osteoporosis of TF
and FN in gastric cancer survivors was 4.6-fold and 3.6-fold
higher than that of age and sex matched controls, respec-
tively. Overall, daily calcium intake and serum vitamin D
level were deemed insufficient for maintaining bone health
among study participants. Thus, gastric cancer survivors
need to be screened for bone health and encouraged to main-
tain adequate nutrient intake.
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