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Abstract

Summary Bone mineral density (BMD) is significantly decreased after gastrectomy in patients with gastric cancer. Calcium
malabsorption, secondary hyperparathyroidism, and dominant bone resorption appear to contribute to bone loss in these patients.
Patients should undergo early surveillance and nutritional or pharmacologic intensive interventions for bone health.

Purpose Survivorship care, including bone health, has become an important issue in gastric cancer. We performed a meta-
analysis of the available observational studies to determine whether and how osteoporosis risk is increased after gastrectomy
in patients with gastric cancer.

Methods A total of 1204 patients (802 men) from 19 cohort studies were included. We evaluated the prevalence of osteoporosis
in postgastrectomy patients, comparing the incidence according to the type of gastrectomy and sex. Additionally, we evaluated
changes in bone mineral density (BMD) and bone metabolism-related markers pre- to postoperatively and between patients who
underwent gastrectomy and matched controls. Proportion meta-analysis was performed and pooled odds ratios (ORs) were
calculated.

Results The pooled incidence estimate was 36% [95% confidence interval (CI), 32-40]. The incidence of osteoporosis was
significantly higher in women than in men (OR = 1.90, p < 0.001) but was similar between partial and total gastrectomy groups
(OR = 0.983, p = 0.939). BMD was significantly decreased, and calcium, phosphorous, and parathyroid hormone levels were
significantly increased in patients after gastrectomy compared to those before gastrectomy. BMD and calcium and 250H-vitamin
D levels were significantly decreased, and parathyroid hormone and 1,250H-vitamin D levels were significantly increased in the
gastrectomy group compared to that in the control group.

Conclusion We found that BMD is significantly decreased after gastrectomy in patients with gastric cancer. Vitamin D deficiency
and secondary hyperparathyroidism are suggested to be common mechanism underlying BMD impairment. After resection,
patients should undergo long-term nutritional and bone health surveillance, in addition to their oncological follow-up.
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Introduction

Although it presents a geographic distribution, gastric cancer
is the fourth most common type of cancer worldwide [1]. With
early detection and curative treatment, such as gastrectomy,
the survival rate of early gastric cancer is approximately 90%,
especially in Korea and Japan [2]. Thus, over the last several
decades, the number of gastric cancer survivors has increased,
and survivorship care concerns, including bone health, have
become an important issue [3, 4].

Osteoporosis is a known chronic complication after
gastrectomy in patients with gastric cancer [5]. Although
the exact pathogenesis of osteoporosis in gastric cancer is
unknown, old age, malabsorption, and the cancer itself
and its treatment are independent risk factors for osteopo-
rosis. Poor status of vitamin D and calcium results in
secondary hyperparathyroidism, which increases the rate
of bone loss. Chemotherapy can also affect bone metabo-
lism, as it does in patients with other cancers; however,
the evidence is limited. Although several studies exam-
ined the incidence or prevalence of osteoporosis after gas-
trectomy in patients with gastric cancer, the results varied
widely. In addition, because of variations in the measure-
ment method and bone site evaluated, relevant systematic
reviews and meta-analyses are rare.

Considering the increased number of gastric cancer survi-
vors [3, 4], it is important to determine whether and how
patients with gastric cancer are at increased risk of osteoporo-
sis after gastrectomy. Therefore, we performed a systematic
review and meta-analysis of the available observational stud-
ies, evaluating the associations among gastrectomy and oste-
oporosis risk, mechanism, and characteristics, including bone
mineral density (BMD) changes after surgery.

Materials and methods
Search methods for the identification of studies

This meta-analysis was conducted according to the updated
guidelines of the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P).[6] Two
researchers (blinded by the authors) independently searched
MEDLINE (PubMed), EMBASE, and Cochrane Library da-
tabases in September 2018. An overview of the search strate-
gy is presented in Supplementary 1. Articles that met the se-
lection criteria (not limited to randomized studies, including
prospective and case-control studies) were included in the
meta-analysis. We attempted to obtain complete data for the
analysis by contacting the authors of articles with insufficient
or missing data.

Study selection criteria

Studies were screened and selected by all investigators on the
basis of a priori criteria. Inclusion criteria were as follows: (1)
the study was a comparative or single-cohort study that inves-
tigated the medical records of patients with gastric cancer who
underwent partial or total gastrectomy, and (2) at least one of
the following main clinical outcomes was reported: the inci-
dence of osteoporosis, changes in BMD, or changes in bone
metabolism related markers. Partial gastrectomy included
Billroth I and Billroth II operations, and total gastrectomy
included the Roux-en-Y operation. Bone metabolism-related
markers included parathyroid hormone (PTH), 25-
monohydroxy vitamin D (25(OH)D), 1,25-dihydroxy vitamin
D(1,25(OH)D), serum calcium, and phosphorus.

Table 1 Characteristics of included individual studies that reported the prevalence of osteoporosis in patients with gastric cancer who underwent

gastrectomy

Study name Country Years after Type of gastrectomy Sample size (disease/total) Male Mean age BMI
gastrectomy (percentage) (years)

Yoo 2018 Korea 5 years Partial: 202 (80.0%) 85/250 133/250 54.6 24.4
(at least) Total: 48 (19.2%) (34%) (53.2%)

Climent 2018 Spain 2 years Partial: 11 (27.3%) 21/40 20/40 68.9 23.3
(mean) Total: 29 (72.7%) (52.5%) (50%)

Cuerda 2007 Spain 3 years (mean) Partial: 20 (37%) 25/54 27/54 61 21.8

Total: 34 (63%) (46%) (50%)

Glatzle 2005 Germany 5 years Partial: 69 (70.4%) 22/76 - - -
(at least) Total: 29 (29.6%) (28.9%)

Lim 2007 Korea 2.7 years Partial: 101 (76%) 51/133 83/133 63.9 21.5
(mean) Total: 32 (24%) (38.3%) (62.4%)

Adachi 2000 Japan 5 years Partial: 49 (83%) 22/59 38/59 64 -
(at least) Total: 10 (17%) (37.2%) (64.4%)

Liedman 2000 Sweden 5 years Partial: 7 (31.8%) 6/22 0/0 61.9 -
(mean) Total: 15 (68.2%) (27.2%) (0%)

BMI body mass index
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Fig. 1 The risk of osteoporosis
was calculated as odds ratios in

postgastrectomy patients. (A) be- Study
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Exclusion criteria were as follows: (1) the study accessing
patients with bariatric surgery or gastric ulcers; (2) the study
used national registry data; (3) the study accessing patients
with a prior history of osteoporosis treatment (bisphospho-
nate, selective estrogen receptor modulator, or vitamin D) that
could influence the natural course of bone metabolism after
gastrectomy; and (4) the article was a review, expert opinion,
case report, or basic science study.

Outcome measures and data extraction

The primary outcome for the meta-analysis was the preva-
lence of osteoporosis in postgastrectomy patients. In each
study, osteoporosis is defined as T-scores < —2.5 at either
the femoral neck or spine according to the World Health
Organization definition [7]. The risk of osteoporosis was
also evaluated according to the type of gastrectomy (partial

T T
.283 Increased in 1 3.54

partial gastrectomy

Increased in
total gastrectomy

or total) and sex (male or female). The secondary outcomes
of this study were changes in BMD and bone metabolism-
related markers, which were compared pre- and postoper-
atively in patients who underwent gastrectomy and be-
tween patients who underwent gastrectomy and matched
controls.

For every eligible study, the following data were extracted
and entered into a spreadsheet by two reviewers: the family
name of the first author, year of publication, country, number
of patients, type of surgery, mean years after the index opera-
tion, sample characteristics (age, sex ratio, body mass index),
and changes in BMD (g/cm?) and bone metabolism-related
markers. When bone mineral density was measured at various
sites (femoral neck, lumbar or total), we included data from
the sites where the highest values were measured because
these should best reflect the change over time and to have a
consistent approach.
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Table 2 Pre- and postoperative changes of bone mineral density and biochemical parameters in gastrectomy patients
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Phosphorus (mg/dL)

1,250H-Vitamin D (ng/ml) Calcium (mg/dL)

250H-Vitamin D

(ng/ml)

Parathyroid hormone

N Bone mineral density
(pg/ml)

Years after

Study name

(g/em2)

gastrectomy

(years)

Postop

Preop

Preop Postop Preop Postop Preop Postop Preop Postop

Postop

Preop

34+£05 3.6%06

9+0.4

9+0.5

2.8 (mean) 34 1.123+£0.224 1.036+0.195 —
36 0.944+0.2

1 (mean)

Noh 2018

0.883+0.19 329+10.7 48.7+204 31.7+16.6 302+164 —

Baek 2008

32+0.5

9.1+04 3.1+04

92+04

38.0+11.4
243+3.2

39.6+9.3

31.8+34 38.1+£86 29.0+39

1.047 £0.104 39.6 + 143 43.4+21.6

I (mean) 20 1.087+0.111
9

Liedman 1997 3 (mean)

Koufuji 1999

924+0.08 94+0.08 3.68+0.15 4.02+0.19

14.3 £0.97

20.6 +1.02

0.52+0.1

26 0.6+£0.11

Wetscher 1994 3 (at least)

Data are shown as the mean = SD

N number of patients, preop preoperative, postop postoperative

Quality assessment and publication bias

Two of the authors (blinded by the authors) independently
evaluated the quality of all studies, using the Newcastle—
Ottawa Scales. This tool comprises three parameters: selec-
tion, comparability, and outcome. Each parameter consists of
subcategorized items; selection has a maximum of four stars;
comparability has a maximum of two stars; and exposure or
outcome has a maximum of three stars. We assessed the pres-
ence of publication bias using Begg’s funnel plot [8] and
Egger’s test [9].

Statistical analysis

The primary analysis involved a proportion meta-analysis of
the data from all relevant studies that reported the incidence of
osteoporosis. For subgroup analyses (binary outcomes), the
effect sizes were calculated as odds ratios (ORs), and the stud-
ies were weighted according to the number of included
patients.

In the secondary analyses (continuous outcomes), effect
sizes were calculated as Hedges adjusted g weighted mean
difference (WMD), which represents the magnitude of the dif-
ference between the comparative groups, for each outcome
[10]. The WMD was computed separately for all available con-
trol and treatment groups in each study. All types of effect sizes
were presented along with their 95% credible intervals (Cls).

A fixed effects or random effects model was used to quan-
tify the pooled effect size of the included studies, depending
on the heterogeneity of the data. Heterogeneity between com-
parable studies was tested using chi square (x) and I” tests; P
> 0.1 and I < 50%, respectively, were used as established
criteria to determine statistical heterogeneity. All analyses
were performed using Stata software (version 14.0; Stata
Corporation, College Station, TX, USA). This study was
exempted from institutional review board review since it did
not involve any human subjects.

Results
Description of the included studies

The primary search of the databases yielded 973 records. After
duplicates were removed, 413 articles were screened by title
and abstract. As a result, 77 full-text articles were selected and
reviewed for eligibility. A total of 19 studies were finally
included in the systematic review (Supplementary 2). The
studies identified for the meta-analysis involved 1204 partic-
ipants, with men comprising 802 (66.6%) of the sample pop-
ulation. Among the 19 studies, 7 articles reported the inci-
dence of osteoporosis, 5 studies reported the pre-/
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Fig. 2 Forest plots of the changes in bone mineral density (BMD) and

bone metabolism-related markers in pre- and postgastrectomy patients:
(a) BMD measured by dual-energy X-ray absorptiometry; (b) 25 hydroxy

postgastrectomy changes in patient outcomes, and 7 included
direct comparisons of patient and healthy control group.

Incidence of osteoporosis

Seven studies, involving a total of 634 patients, reported data

on the incidence of osteoporosis (Table 1) [11-17]. The
pooled prevalence estimate was 36% [95% confidence inter-
val (95% CI) 32-40]. Additionally, the pooled incidence was

26% (95% CI21-31) in male patients and 55% (95% CI 44—

65) in female patients and was 34% (95% CI 29-39) in the
partial gastrectomy group and 34% (95% CI 25-43) in the
total gastrectomy group. The incidence of osteoporosis was
higher in women than in men, and the pooled estimate of the
crude OR for osteoporosis was 1.90 (95% CI 1.391-2.593, p
< 0.001) (Fig. 1a). In contrast, the osteoporosis rate of the
partial gastrectomy group was similar to that of the total gas-
trectomy group (OR = 0.983 95% CI 0.638-1.515, p =0.939)

(Fig. 1b).

Changes in BMD and serum factors between pre-
and postgastrectomy patients

Five studies, involving a total of 125 patients, reported data on

BMD and bone metabolism-related marker levels in pre- and
postgastrectomy patients (Table 2) [18-22]. BMD (pooled

WMD = —0.070; 95% CI-0.112—0.028; p = 0.001) and

1,25(OH)D levels (pooled WMD = —6.14; 95% CI-6.72—

—5.55; p < 0.001) were significantly decreased in the gastrec-
tomy state compared to those before gastrectomy. In contrast,
PTH (pooled WMD = 12.29; 95% CI 1.59-22.99; p < 0.001),
calcium (pooled WMD = 0.15; 95% CI 0.11-0.19; p < 0.001),

47 -518  Increased in

pre-gastrectomy

Increasedin 518
post-gastrectomy

vitamin D; (c) 1,25 dihydroxyvitamin D; (d) parathyroid hormone; (e)

serum calcium; and (f) serum phosphorus. Effect sizes are indicated as
Hedges’ g weighted mean differences and 95% confidence interval (CI)

and phosphorus levels (pooled WMD = 0.31; 95% CI 0.23—
0.40; p < 0.001) were significantly increased in the gastrectomy
state compared to those before gastrectomy. However, pre- and
postoperative levels of 25(OH)D (pooled WMD = 3.16; 95%
CI-4.34-10.66; p = 0.409) did not differ significantly (Fig. 2).

Changes in BMD and serum factors
between postgastrectomy patients and matched
healthy controls

Seven studies, involving a total of 445 patients, reported data
on BMD and bone-related levels in patients and matched con-
trols (Table 3) [23-29]. BMD (pooled WMD = —0.094; 95%
CI -0.169—0.019; p = 0.014), 25(OH)D (pooled WMD =
—4.12; 95% CI —.77—1.46; p = 0.002), and serum calcium
levels (pooled SMD = —-0.27; 95% CI —0.45—0.09; p =
0.004) were significantly lower in the gastrectomy group com-
pared to those in the healthy control group. In contrast, PTH
(pooled WMD = 1.794; 95% CI 0.38-3.21; p = 0.013) and
1,25(OH)D levels (pooled WMD = —11.73; 95% CI 5.27-
18.19; p < 0.001) were significantly higher in the gastrectomy
group compared to those in the healthy control group.
However, the serum phosphorus level (pooled WMD =
—0.08; 95% CI1 -0.61-0.48; p = 0.767) did not differ signifi-
cantly between patients and controls (Fig. 3).

Quality assessment and publication bias
In terms of the methodological quality, the mean value of the

awarded stars was 6.4 (12 studies had 6 stars, 7 studies had 7
stars; Supplementary 3). The Begg’s funnel plot was not
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- 2 § % % % asymmetrical, and the p-values for bias were not significant
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Fig. 3 Forest plots of the changes in bone mineral density (BMD) and
bone metabolism-related markers in postgastrectomy patients and
matched controls as outcome variables: (a) BMD measured by dual-
energy X-ray absorptiometry; (b) 25 hydroxy vitamin D; (c) 1,25

mechanisms in postgastrectomy patients could provide evi-
dence for administration of dietary calcium and bone
antiresorptive agents.

Furthermore, serum 25(OH)D levels were significantly
lower, while 1,25(OH)D levels were significantly higher in
the gastrectomy group compared to the healthy control
group. In postgastrectomy patients, intestinal calcium ab-
sorption is decreased [39, 40] which leads to increased
PTH levels and maintained serum calcium level with bone
resorption. Elevated 1,25(OH)D levels may be explained by
elevated l-a-hydroxylase activity in the kidney, mediated by
increased PTH levels and hypophosphatemia [41]. Baek
et al. reported that patients with a higher postoperative
PTH level exhibited a more pronounced decrease in BMD
[18]. Similarly, another study found that postgastrectomy
patients with fractures have significant increased serum cal-
cium levels compared to those in patients without fractures
by l-year postoperatively [15]. In contrast, our meta-analysis
revealed that 1,25(OH)D levels were significantly decreased
in gastrectomy state compared to those before gastrectomy,
which might be explained by severe 25(OH)D levels defi-
ciency without vitamin D supplement after gastrectomy.
Nevertheless, results of vitamin D status are inconsistent
and complex as vitamin D-binding protein and vitamin D
supplementation were not studied equally in all researches
and, therefore, should be interpreted cautiously.

The recommendations for follow-up schedules, treatment,
and prevention for osteoporosis after gastrectomy are not
well defined in the current guidelines due to a lack of evi-
dence. The American Gastroenterological Association
(AGA) recommends dual-energy X-ray absorptiometry

147 post-gastrectomy o0 matched healthy 147
patients

727 post-gastrectomy ¢ matched healthy 7,
patients controls

dihydroxyvitamin D; (d) parathyroid hormone; (e) serum calcium; and
(f) serum phosphorus. Effect sizes are indicated as Hedges’ g weighted
mean differences and 95% CI

(DXA) evaluation in patients with a low level of evidence
for at least 10 years postgastrectomy [5] and in patients with
any of the following conditions: low-trauma fracture history,
postmenopausal female or male over 50 years of age, and
hypogonadism. The present meta-analysis and other studies
have demonstrated that osteoporosis and fractures occur in
the relatively early phase (within at least 5 years) after gas-
trectomy [11, 12, 15-17, 42]. In addition, changes in serum
markers or hormones, indicating bone remodeling imbal-
ance, occur early, within 1 year after gastrectomy [18].
Therefore, a much earlier assessment of BMD and serum
markers, including calcium, phosphorus, 25(OH)D, PTH,
and bone markers, should be performed postoperatively. In
addition, similar to the development of FRAX to predict
fracture risk in the general population, a new scoring system
and risk factor stratification are needed for gastric cancer
survivors with gastrectomy.

The present study has several limitations. First, the current
analysis was based on a very small cohort. Due to a lack of
concern about survivorship care in past decades, only a very
few rigorously performed trials were executed, until recently.
To overcome this limitation, we performed a meta-analysis as
an alternative method. Second, osteoporosis is associated with
many factors, and the studies did not adjust for all covariables,
such as menopausal status in women, or calcium supplement.
Finally, we could not directly compare the risk of osteoporosis
in gastric cancer survivors to that in general population with
age sex matched. Moreover, the age-specific risk of osteopo-
rosis in gastric cancer survivors, especially in younger pa-
tients, comparing to that in general population can be the
interesting topic in future study.
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Conclusions

In conclusion, osteoporosis is a common and clinically signif-
icant problem after gastrectomy in patients with gastric cancer.
Calcium malabsorption, secondary hyperparathyroidism, and
dominant bone resorption appear to be associated with the
bone loss in these patients. Patients should undergo early sur-
veillance and nutritional or pharmacologic intensive interven-
tions for bone health, in addition to their oncological follow-
up. Future large, high-quality, population-based observational
studies are needed to establish standardized guidelines with
recommendations for osteoporosis prevention and treatment
in gastric cancer survivors.
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