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Abstract. Although osteoporosis is a common clinical dis-
order associated with gastric surgery, long-term effects of
gastrectomy on bone metabolism are still unclear. The pur-
pose of this study was to clarify the incidence and risk
factors of osteoporosis after gastrectomy using univariate
and multivariate analyses of quantitative measurements.
The study included 59 patients who had undergone gastrec-
tomy more than 5 years before. There were 38 men and 21
women, aged 37–81 years, mean 64 years. Bone mineral
density (BMD) of L2–L4 spine was measured using dual-
energy X-ray absorptiometry (DXA). Absolute value of
BMD (g/cm2) and age- and sex-matched BMD (%) were
given. The mean BMD was 0.766 g/cm2, and the incidence
of osteoporosis (BMD less than 0.70 g/cm2) was 37%: 18%
in men and 71% in women. The mean age- and sex-matched
BMD was 85.9%: 87.5% in men and 83.1% in women.
Univariate and multivariate analyses revealed that BMD
was significantly associated with the age and sex of patients,
but was not influenced by the type of gastrectomy (partial
versus total) and years after operation (<20 versus 20<). Our
study clarified the fact that postgastrectomy osteoporosis
was frequent in the aged or female patients. BMD should be
evaluated after gastrectomy, especially in the aged and in
women.
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Bone loss is a common clinical disorder associated with
gastric surgery, and a large number of postgastrectomy pa-
tients remain at risk for the development of osteoporosis [1,
2]. Although several authors studied the etiology of meta-
bolic bone disease after gastrectomy [3, 4], the reported
incidence of postgastrectomy osteoporosis varies widely be-
cause of the variety and difficulty in the quantitative evalu-
ation of bone atrophy [5–7]. The risk of osteoporosis in
patients who have had a gastrectomy is difficult to estimate
[8, 9], and long-term influence of gastrectomy on bone me-
tabolism is still unclear.

Dual-energy X-ray absorptiometry (DXA) is a widely
accepted technique which can correctly and easily quantify
bone mineral content of the lumbar spine [10]. Since DXA

has high resolution and great speed, and permits accurate
and reproducible measurements [11, 12], this noninvasive
method clinically serves as a useful technique for identify-
ing and treating osteoporosis [13, 14].

In this study, the long-term influence of gastrectomy on
bone mineral density (BMD) was quantitatively examined
using DXA, and the incidence and risk factors of osteopo-
rosis after gastrectomy were assessed.Correspondence to:Y. Adachi

Fig. 1. Bone mineral density of lumbar spine after gastrectomy
assessed by dual-energy X-ray absorptiometry. The mean and SD
refer to healthy Japanese controls (n4 5306 for men; n4 6076
for women).
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Patients and Methods

Fifty-nine gastrectomized patients with a minimum of 5-year fol-
low-up were examined. They were still leading active and normal
lives, and had no other potential causes of altered bone mineral
metabolism, such as alcoholism, renal insufficiency, steroid medi-
cation, or hormone therapy. Other conditions associated with bone

loss and excluded in this study were hormonal disorders, rheuma-
toid arthritis, diabetes mellitus, multiple myeloma, and bone me-
tastasis of tumors. Radiographic studies of the thoracic and lumbar
spine showed no scoliosis, osteophytes, compression, or fractures.

There were 38 men and 21 women, including 18 postmeno-
pausal and 3 premenopausal women, aged 37–81 years, mean 64
years. Diseases requiring gastrectomy were gastroduodenal ulcer
in 24 patients and gastric cancer in 35. Operative procedures were
distal gastrectomy in 49 patients and total gastrectomy in 10. The
lapse of time after operation ranged from 5 to 35 years, with a
mean of 16 years.

BMD of L2–L4 spine was examined by DXA using a Norland
XR-26HS Bone Densitometer (Norland, USA). Absolute BMD
(g/cm2) and age- and sex-matched BMD (%) were given in each
measurement. According to WHO 1994 assessment [15], women
were defined as having osteoporosis when the BMD value was
more than 2.5 SD below the mean of young adults (0.70 g/cm2 on
Norland XR-26HS model). This definition was applied to men
with regard to BMD values for osteoporosis.

Statistically significant differences were analyzed by the Stu-
dent’s t test, and independent risk factors were investigated by
multivariate analysis.

Results

BMD after Gastrectomy

The BMD ranged from 0.415 g/cm2 to 1.149 g/cm2, with a
mean of 0.766 g/cm2 (Fig. 1). Incidence of osteoporosis
(BMD less than 0.70 g/cm2) was 37%: 18% in men and 71%

Fig. 2. Bone mineral density of lumbar spine after gastrectomy
with regard to the age and sex of patients. The mean BMD was the
lowest in women aged 70 years or more.

Table 1. Univariate analysis of BMD of lumbar spine after gastrectomy

Variable
No. of
patients

BMD
(g/cm2)

P
value

Age, years
<70 39 0.802 ± 0.132
70< 20 0.694 ± 0.145 <0.01

Sex
Male 38 0.821 ± 0.130
Female 21 0.664 ± 0.114 <0.01

Body mass index, kg/m2

<20 43 0.740 ± 0.133
20< 16 0.808 ± 0.157 NS

Disease
Peptic ulcer 24 0.790 ± 0.160
Gastric cancer 35 0.749 ± 0.136 NS

Gastrectomy
Partial 49 0.771 ± 0.149
Total 10 0.740 ± 0.126 NS

Time after operation, years
<20 38 0.747 ± 0.130
20< 21 0.799 ± 0.166 NS

BMD, bone mineral density; NS, not significant

Table 2. Multivariate analysis of BMD of lumbar spine after gastrectomy

Variable
Regression
coefficient

Standard
error

Relative
risk

P
value

Sex
(male versus female) −0.1544 0.0328 −0.515 <0.001

Age, years
(<70 versus 70<) −0.0714 0.0328 −0.238 0.038
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in women. Univariate and multivariate analyses revealed
that the BMD was significantly associated with the age and
sex of patients (Tables 1, 2), and the mean BMD was lowest
in women aged 70 years or more (0.610 g/cm2) (Fig. 2).
However, the BMD was not influenced by the type of gas-
trectomy (partial versus total) and years after operation (<20
versus 20<) (Table 1).

Age- and Sex-Matched BMD

The BMD of 52 patients (88%) was below the mean BMD
of age- and sex-matched healthy Japanese controls. The
mean of age- and sex-matched BMD was 85.9%: 87.5%
(12.5% decrease) in men and 83.1% (16.9% decrease) in
women. The age- and sex-matched BMD was not influ-
enced by the type of gastrectomy (partial versus total) and
years after operation (<20 versus 20<) (Table 3).

Discussion

Several authors have examined bone mineral content after
gastrectomy using single or dual photon absorptiometry
[5–7]. Nilas et al. [5] show reduced BMD in men with
Billroth II gastrectomy (89% as compared with normal sub-
jects), and Nishimura et al. [6] indicate decreased BMD
after partial or total gastrectomy (91% in men and 85% in
women as compared with age-matched controls). Other au-
thors [7, 8] also found lower BMD in men who had under-
gone partial gastrectomy (85%) and total gastrectomy
(86%) than in the control population. Recently, DXA was
introduced for the quantitative analysis of metabolic bone
disease [11, 12]. Inoue et al. [14] demonstrated that BMD in
gastrectomized patients (0.85 g/cm2) is significantly lower
than that in healthy men (0.96 g/cm2). Our results of age-
and sex-matched BMD were identical to these data.

The present study clarified that the incidence of osteo-
porosis after gastrectomy was 18% in men and 71% in
women. We measured BMD of the lumbar spine using DXA

[11, 12], conformed to WHO assessment in 1994 [15] which
categorizes that osteoporosis has a value for BMD of more
than 2.5 SD below the young adult mean value, and re-
garded the patients with BMD less than 0.70 g/cm2 as hav-
ing osteoporosis. Furthermore, our study excluded the pa-
tients who had undergone gastrectomy within 5 years, be-
cause those patients might have weight loss, malnutrition, or
recurrent disease [16] which were thought to affect BMD
measurements. Thus, we believe our results demonstrate an
actual and reliable incidence of osteoporosis associated with
gastrectomy.

In our series, the BMD of three aged women was ex-
tremely low, showing less than 0.550 g/cm2. They included
a 62-year-old woman who had undergone total gastrectomy
9 years before, a 79-year-old woman who had undergone
partial gastrectomy 13 years before, and an 81-year-old
woman who had undergone partial gastrectomy 6 years be-
fore. In these three patients, one or more factors—age, sex,
and duration after operation, in addition to the gastrec-
tomy—were considered to be associated with the marked
decrease of BMD.

Furthermore, there were four young women aged 37, 46,
49, and 52 years whose BMD was apparently lower than
that of healthy controls; the duration after surgery was 7, 5,
8, and 5 years, respectively; and the age- and sex-matched
BMD was 67.0%, 79.4%, 72.0%, and 55.0%, respectively.
In these premenopausal young women, gastrectomy might
have strongly influenced the decrease of BMD.

It has been mentioned that risk factors of osteoporosis
after gastrectomy are age and sex of patients [6, 8], opera-
tive procedures [5, 6], postoperative period [8, 14], body
mass index [7, 9], and smoking [7]. In our study on multi-
variate analysis, age and sex of patients were independently
correlated with decreased BMD. Previous studies report that
calcium deficiency occurs in 30–50% of gastrectomized pa-
tients [17], and reduced vitamin D and calcium absorption is
a major contributor to decreased BMD following gastrec-
tomy [3–5, 18, 19]. In the aged or female patients with
gastrectomy, it might be expected that vitamin D and cal-
cium supplementation could prevent or treat postgastrec-

Table 3. Age- and sex-matched BMD of lumbar spine after gastrectomy

Variable
No. of
patients

Age- and sex-
matched BMD
(%)

P
value

Age, years
<70 39 87.4 ± 13.0
70< 20 83.0 ± 14.6 NS

Sex
Male 38 87.5 ± 13.1
Female 21 88.1 ± 14.4 NS

Body mass index, kg/m2

<20 43 84.3 ± 12.6
20< 16 88.6 ± 15.0 NS

Disease
Peptic ulcer 24 87.0 ± 14.2
Gastric cancer 35 85.6 ± 13.3 NS

Gastrectomy
Partial 49 86.7 ± 14.0
Total 10 82.4 ± 11.6 NS

Time after operation, years
<20 38 84.4 ± 13.1
20< 21 88.7 ± 14.3 NS

Y. Adachi et al.: Osteoporosis after Gastrectomy 121



tomy osteoporosis [8, 10, 20]. However, Tovey et al. [21]
found that calcium supplementation had no effect on the
BMD of patients with gastrectomy, and suggested that os-
teoporosis after gastrectomy was more resistant to treatment
than postmenopausal osteoporosis.

Nishimura et al. [6] showed that total gastrectomy pa-
tients manifest a higher incidence of decreased BMD than
partial gastrectomy patients (56% versus 25%). Mellstro¨m
et al. [7] reported that BMD is significantly low in men with
a Billroth II operation but not in those with a Billroth I
operation. However, a recent study using DXA [14] dem-
onstrated that BMD is not different between total and partial
gastrectomy cases. In our series, BMD measured by DXA
was not different among patients who had had a Billroth I
gastrectomy, Billroth II gastrectomy, or total gastrectomy.
The results suggest that operative procedures do not neces-
sarily influence the BMD level when more than 5 years
have elapsed after gastrectomy.

In the present study, BMD was significantly decreased in
the aged women and young women during a long-term pe-
riod after gastrectomy. Recently, we examined 33 patients
taking an H2-receptor antagonist for over 2 years, and
showed that chronic use of antacids had little influence on
the BMD [22]. The results suggested that decreased gastric
acidity was not always associated with decreased BMD, and
osteoporosis after gastrectomy must be attributed to other
causes such as poor dietary intake, rapid gastric emptying,
and rapid intestinal transit [4].
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