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ARTICLE INFO ABSTRACT

Keywords: Purpose: Many studies have reported that patients with a history of gastrectomy (gastrectomized patients) have
Gastrectomy lower areal bone mineral density (aBMD) and higher fracture risk than those without. However, population-
Gastric cancer based studies on this topic are scarce, and little is known regarding the bone metabolic status of gastrectomized

Gastric ulcer
Osteoporotic fracture
Population-based prospective cohort study

patients in the long-term. This study aimed to clarify the association of gastrectomy with aBMD, bone meta-
bolism markers, and fracture risk in community-dwelling elderly Japanese men.

Methods: A total of 1992 men aged =65 years completed baseline measurements including aBMD at the spine
and hip, serum levels of intact parathyroid hormone (PTH), intact osteocalcin (OC), tartrate-resistant acid
phosphatase isoenzyme 5b (TRACP5b), and undercarboxylated OC (ucOC), and an interview regarding past
medical history including gastrectomy. Osteoporotic fractures (OPFs) that occurred during the 5-year follow-up
period were determined through structured interviews.

Results: After excluding participants with type 1 diabetes mellitus and those with missing values, 1985 men,
including 132 gastrectomized men, were analyzed. Gastrectomized men had significantly higher PTH, TRACP5b,
and ucOC levels, and lower aBMD, than non-gastrectomized men. Gastrectomy was associated with a sig-
nificantly higher risk of OPF after adjusting for confounding variables (hazard ratio (HR): 2.55, 95% confidence
interval (CI): 1.17, 5.55), and the risk was no longer significant when further adjusted for PTH and aBMD. Even
in this model, however, increase in OPF risk was significant in gastrectomized men who survived 20 years or
more after the surgery (HR: 3.56, 95% CI: 1.33, 9.52).

Conclusions: History of gastrectomy was associated with elevated bone resorption, decreased aBMD, and in-
creased fracture risk in community-dwelling elderly Japanese men. This increase in fracture risk was more
prominent long after gastrectomy.

1. Introduction annually [1,2]. Curative treatment for gastric cancer involves gas-
trectomy, although endoscopic mucosal resection has become popular

Despite a reduction in the incidence of gastric cancer in recent for early stage gastric cancer. Nonetheless, gastrectomy is indicated
years, it remains one of the most common cancers worldwide. It occurs for > 70% of patients with gastric cancer [3,4], and more than half of
in more than one million people a year and kills nearly 80 thousand gastrectomized patients survive long-term [3]. Moreover, many elderly
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individuals who previously underwent gastrectomy for peptic ulcer
remain alive, despite the dramatic decrease in the number of gas-
trectomies performed for ulcers [5]. Thus, the gastrectomized popula-
tion in society is considerable, and postgastrectomy syndrome remains
an issue.

Postgastrectomy syndrome includes bone-related disorders. Many
studies have reported an increased prevalence of osteoporosis and
elevated risk of osteoporotic fractures in gastrectomized patients.
However, most of these studies have been cross-sectional [6-12], and
lacked a non-gastrectomized control group for comparison [7,9-16]. In
addition, only a few population-based longitudinal studies have shown
an increase in risk of osteoporotic fracture associated with gastrectomy
[16-18]. For instance, Seo et al. [16] performed a nationwide medical
insurance claim database study in South Korea in which 37,076 gas-
trectomized men and women with gastric cancer were examined for
subsequent osteoporotic fracture risk. That study reported that older
age, female gender, diabetes mellitus, total gastrectomy (compared
with partial gastrectomy), and chemotherapy were associated with in-
creased fracture risk. Although a population-based study targeting an
Asian population, it did not report a risk estimate of fracture for gas-
trectomized people compared with non-gastrectomized people due to
the lack of a non-gastrectomized control group. In another study,
Nilsson et al. [17] reported a three-fold higher fragility fracture risk in
patients with a history of gastrectomy for peptic ulcer than those
without in a retrospective 20-year follow-up study of a cohort in
Sweden. Increased risk of fracture was also observed in another popu-
lation-based cohort in Rochester, Minnesota, with 2.2- to 4.7-fold
higher risk at different skeletal sites in gastrectomized people during a
mean follow-up period of 14.5 years compared to values expected from
the general population [18]. While these studies clearly demonstrate a
significantly increased fracture risk after gastrectomy, they did not as-
sess bone metabolic status or areal bone mineral density (aBMD) of
their study populations.

On the other hand, several clinic-based follow-up studies have re-
ported increased levels of PTH [13] and bone turnover markers [14],
decreased aBMD [13,14,19], and increased incidence rate of fractures
[15] during relatively short follow-up periods ranging from one to six
years, again without a non-gastrectomized control group for compar-
ison. Thus, the effects of gastrectomy on bone metabolism, aBMD, and
fracture risk remain unclear, especially in the long-term.

The present study aimed to clarify the association of gastrectomy
conducted long before a baseline survey with bone metabolism markers
and aBMD at baseline and subsequent five-year fracture risk in com-
munity-dwelling elderly Japanese men.

2. Materials and methods
2.1. Study setting

The Fujiwara-kyo Osteoporosis Risk in Men (FORMEN) study is an
ancillary study of a larger prospective cohort study, “The Cohort Study
for Functioning Capacity and Quality of Life in Elderly Japanese”. The
study, also referred to as the Fujiwara-kyo study, aims to provide a
scientific basis for comprehensive strategies to prevent frailty, increase
the number of healthy life years, and enhance the functioning and
quality of life of elderly men and women in Japan, enrolled volunteer
men and women in four cities of Nara Prefecture, Japan, who were aged
=65 years at enrollment, living at home, able to walk without assis-
tance from another person, and able to provide self-reported informa-
tion and written informed consent. The study included various mea-
surements necessary for geriatric and gerontologic assessments and 250
item-questionnaire covering past history and present involvement of
diseases, injuries and fractures, lifestyle factors, quality of life scales,
and current health status and symptoms. The FORMEN study evaluates
bone health in male participants of the Fujiwara-kyo study. Most of the
non-skeletal measurements and interviews were conducted in the
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Fujiwara-kyo study, and these data form a comprehensive geriatric and
gerontologic basis for the FORMEN study to evaluate risk factors of
osteoporosis and osteoporotic fracture in elderly men. Details of the
Fujiwara-kyo and FORMEN studies have been described elsewhere
[20].

2.2. Study participants

Of the 4427 participants of the Fujiwara-kyo study, 2012 men
completed the FORMEN baseline study, and were invited to follow-up
surveys conducted five years later with the aim of identifying osteo-
porotic fractures as the outcome.

The study protocol of the Fujiwara-kyo study was approved by the
Medical Ethics Committee of Nara Medical University. The protocol of
the FORMEN study was approved by the Ethics Committee of Kindai
University Faculty of Medicine.

2.3. Identification of outcome

Trained nurses determined the site of fracture, time of fracture
event, situation in which the fracture occurred, and X-ray diagnosis of
the fracture (yes/no) from interviews conducted during the follow-up
surveys. The same information was obtained in supplemental postal and
telephone surveys conducted just after the follow-up surveys for those
who did not participate in the follow-up surveys. Osteoporotic fracture
(OPF) was defined as a fracture at any skeletal site other than the head,
finger, lower thigh, and foot that occurred after baseline without strong
external force and was diagnosed by a medical doctor with radiographs.
We excluded lower thigh and foot fractures from OPF since the risk of
these fractures does not increase with age [21]. Major OPF (MOF) in-
cluded an OPF at the spine, hip, proximal humerus, or distal radius. In
cases of multiple fractures, the first fracture during the follow-up period
was adopted as the outcome.

This method was validated using 21 incident fractures identified
during the first two years of follow-up. Of these, 19 cases provided
consent for us to contact the attending surgeon in order to confirm the
occurrence, date, and skeletal site of the fracture. All surgeons re-
sponded to our inquiries and confirmed the occurrence of all self-re-
ported fractures, that differences between the self-reported date and
real date of fracture events were within six months, and that the self-
reported fracture site did not differ from the correct site at the bone
level. We concluded that the false positive rate for fracture detection
using the present method was extremely low (0% in this study) and that
the margin of error in fracture dates and skeletal sites would be ac-
ceptable [22,23].

2.4. Medical history

Trained nurses interviewed participants based on answers to a self-
administered questionnaire consisting of 250 items that covered life-
style factors including smoking (current, ex-, or non-smoker) and
drinking habits (number of drinking days per week and number of
drinks on drinking day), and medical history of fracture, gastrectomy,
malignant diseases, hypertension, diabetes mellitus, coronary heart
disease, dyslipidemia, asthma, kidney disease, prostate disease, and
medications to treat these diseases. When a history of gastrectomy was
reported, information regarding age or calendar year at the time of
gastrectomy and the reason for gastrectomy were additionally re-
quested. Participants were asked to bring current prescriptions of
medications to the baseline visit, and interviewers recorded the names
and doses of the medications.

2.5. Laboratory measurements

Blood was drawn from each participant after an overnight fast.
Plasma and serum samples were obtained for the following biochemical
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measurements: fasting plasma glucose (FPG), glycated hemoglobin A;.
(HbAlc), creatinine, triglycerides, cholesterol, and biochemical mar-
kers of bone metabolism including intact osteocalcin (OC), tartrate-re-
sistant acid phosphatase isoenzyme 5b (TRACP5Db), intact parathyroid
hormone (PTH), and undercarboxylated osteocalcin (ucOC).

OC (ng/ml) was measured as a bone formation marker by a two-site
immunoradiometric assay (BGP IRMA kit Mitsubishi, Mitsubishi
Kagaku Iatron Inc., Tokyo, Japan) with a sensitivity of 1 ng/ml [24],
4.9% intra-assay coefficient of variation (CV), 3.7% inter-assay CV, and
6.1% overall CV. TRACP5b was measured as a bone resorption marker
by a fragment-absorbed immunocapture enzyme assay (Osteolinks-
TRAP-5b, Nitto Boseki, Kooriyama, Japan) with a sensitivity of
19.2mU/dl [25], 4.9% intra-assay CV, 7.3% inter-assay CV, and 8.8%
overall CV. Intact PTH (pg/ml) was measured by an electro-
chemiluminescence immunoassay (Elecsys PTH assay, Roche Diag-
nostics K. K., Tokyo, Japan) [26] with a sensitivity of 4 pg/ml, 2.6%
intra-assay CV, 1.2% inter-assay CV, and 2.8% overall CV. ucOC (ng/
ml) was measured as a marker for vitamin K sufficiency by an elec-
trochemiluminescence immunoassay (Picolumi ucOC, Sanko Junyaku
Co. Ltd., Tokyo, Japan) with a sensitivity of 0.39ng/ml [27], 4.1%
intra-assay CV, 3.5% inter-assay CV, and 5.4% overall CV.

To evaluate renal function, estimated glomerular filtration rate
(eGFR) was calculated with the Modification of Diet in Renal Disease
Study equation modified for the Japanese population by the Japanese
Society of  Nephrology, as  follows: eGFR  (ml/min/
1.73m?) = 194 x serum creatinine ~**%* x age %287 [28].

2.6. Bone mass measurements

aBMD (g/cmz) was measured at baseline and follow-up by dual-
energy X-ray absorptiometry (DXA) at the lumbar spine and total hip in
the posteroanterior projection (QDR4500A, Hologic Inc., Bedford, MA,
USA). The region of interest at the spine was set as the second to fourth
vertebrae, in accordance with Japanese guidelines for diagnosing os-
teoporosis at the time of the survey [29]. We excluded vertebrae with
fractures or degenerative changes causing more than a 1 SD greater
aBMD from the immediately adjacent vertebrae, in accordance with the
International Society for Clinical Densitometry guidelines for individual
vertebrae exclusion [30]. Consequently, 1897 participants at baseline
and 1518 at follow-up had at least two assessable vertebrae. We
scanned the right hip unless the right hip showed significant deformity
or had been replaced with an artificial hip. Valid hip aBMD values were
obtained from 1987 participants at baseline and 1634 at follow-up.

Imputations for missing aBMD values were conducted with values
estimated from the multivariate regression equation incorporating age,
height, weight, and hip aBMD for spine aBMD imputation or spine
aBMD for hip aBMD imputation. We imputed aBMD values of 95 spines
and 5 hips at baseline, and 118 spines and 2 hips at follow-up, with
estimated BMD values. BMD values at the spine and hip were available
in 1992 men at baseline and 1636 men at follow-up.

Short-term precision of aBMD measurements was 1.2% for both the
spine and hip, as calculated from five measurements on different days
from five male volunteers (age range, 21-41 years) [31]. Quality as-
surance was conducted using a spine phantom throughout the study
period, and no significant drift in measurements was detected.

2.7. Body size measurements

We measured the height (cm) and weight (kg) of participants using
an automatic scale and calculated BMI (kg/m2).

2.8. Statistical analyses
All statistical analyses were performed with SAS software (Version

9.4, SAS Institute, Cary, NC, USA). Levels of conventional biochemical
tests and biochemical markers for bone metabolism were all distributed
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log-normally; therefore, these values were logarithmically converted
and then statistically analyzed. These data are expressed as geometric
means and SDs. Participants were classified into two sets of three
groups. The first set included participants without a history of gas-
trectomy (non-gastrectomized men), those who underwent gastrectomy
for gastric cancer, and those who underwent gastrectomy for gastric or
duodenal ulcer. The second set included non-gastrectomized men, those
who underwent gastrectomy < 20 years before the baseline survey
(years since gastrectomy, YSG < 20), and those with YSG = 20.
Fracture risk in these groups was evaluated with Cox proportional ha-
zards models including potential confounding factors as covariates. We
applied a stepwise selection of independent variables for the final
model of fracture risk. Correlations between reasons for gastrectomy
and YSG groups were evaluated with the Kendall rank correlation
coefficient Tau-b.

3. Results
3.1. Baseline characteristics of gastrectomy groups

Of the 2012 men who completed the FORMEN baseline study, 1637
underwent the follow-up survey. We conducted supplemental mail and
telephone surveys to obtain outcomes for 375 men who did not parti-
cipate in the follow-up survey, and 373 men responded. Consequently,
we obtained study outcome data for 2010 men in total. We excluded 4
men with type 1 diabetes mellitus and 21 with missing values for
predictors or outcome. None of the men had hyperparathyroidism.
From the remaining 1985 men, we identified 132 who underwent
gastrectomy for gastric cancer or gastric or duodenal ulcer. Mean YSG
was 18.8 years, and 9.7 years for men who underwent gastrectomy for
cancer and 30.4 years for ulcer.

Table 1 shows participant characteristics by reason for gastrectomy
or YSG. Gastrectomized men showed higher levels of bone metabolism
markers and lower aBMD at baseline, and suffered greater decreases in
aBMD during the follow-up period than non-gastrectomized men.
Gastrectomized men were significantly older and lighter in weight, had
lower hemoglobin, triglyceride, and LDL-cholesterol levels, and had
higher HDL-cholesterol levels than non-gastrectomized men.

During the median follow-up of 4.5 years (8626 person-years (PY)),
there were 44 OPFs (5.1/1000 PY) (spine, 18; distal forearm, 9; rib, 9;
hip, 3; pelvis, 2; clavicle, 1; proximal humerus, 1; elbow, 1). MOFs
occurred in 31 men (3.6/1000 PY). A significantly higher incidence rate
of OPF was found in gastrectomized men (13.9/1000 PY) than in non-
gastrectomized men (4.5/1000 PY). This difference in OPF incidence
was more prominent in men who underwent gastrectomy for ulcer
(16.5/1000 PY) and those with YSG = 20 (24.2/1000 PY).

3.2. Gastrectomy and bone metabolism markers and aBMD

Table 2 shows age- and BMI-adjusted mean levels of bone metabo-
lism markers and aBMD in gastrectomized and non-gastrectomized
men. PTH, TRACP5b, and ucOC levels were elevated in men who un-
derwent gastrectomy for cancer and men with YSG < 20, while aBMD
was significantly lower in men who underwent gastrectomy for ulcer
and men with YSG = 20 compared to non-gastrectomized men. Gas-
trectomized men with YSG < 20 had suffered a significantly greater
loss of hip aBMD during the follow-up period than non-gastrectomized
men.

3.3. Age-adjusted HRs of baseline variables on the incidence of OPF

Table 3 shows age-adjusted HRs of baseline variables on incident
osteoporotic fractures. Gastrectomized men had a higher risk of OPF
and MOF, although this increase in risk did not reach statistical sig-
nificance for MOF. Men who underwent gastrectomy for ulcer and those
with YSG = 20 both showed significantly increased fracture risk



Bone 127 (2019) 250-259

M. Iki, et al.

(28pd 1x2u UO panunuU0)

8500 =d (ren e 0001 =d (re)t 61c0=d [CWAR4 L0€0=d €9¢c Ly10=d (OWARY ) L2 onoiodoaso 1ofeN

1000 =4d (Tve) 9 8590 = d (ro)e £00°0 =d (9D § £810=d 6)E 2000 =d (6€1) 8 (Sv) 9¢ aunyoey >1010dod1sQ
(Ad 0001/37e1) N ‘@2U9ppU]

160=d  €6'0 ¥ S¥'0— 1000=d €60 ¥ 60— pro=d  L60 F €50—  $000=d  T60 ¥ SL0—  6000=d  v6'0 F 99°0— T80 F €/'0— ang-diH

Lgz0=d  6V'1 F LT0—  +€00=d €97 ¥ 10— 840=d 9T ¥ ST0— 1100=d  $9'T ¥ 10— 8100=d /ST ¥ 9€0—  SS'T ¥ €00 Ange-S1
(1e9h/9%) ange ur a3ueyd

8020 =d (9°1€) 81 9610 = d (£92) 02 zero=d (82€) 61 18L0=4d (£'s2) 61 8020 =d (8'82) 8¢ (6°€2) bt sIYULIp A[req

ogLo=d (ovD) 8 Leyo=4d (e'€1) 01 0980 =d (ss1) 6 Treo=d (Te 6 gee0=d (9€D) 81 (T'L1) 81¢€ SIDYOWS JUDLINY
(%) U ‘s10308} SLISATT

88%°0 = d [Cols #8560 = d (€Nt ¥61°0 = d D1t 0850 =d [Canls €990 =d (sDe (I 1c a1mjoely d13010d09)s0 I10fe]N

€890 =d (s'e)e s8y0 =d o'v)E £89°0=d (se)e 6Lb'0 =d (I'v)e 0650 =d (8¢S (62) ¥S a1npey dno10doaiso

gego=d (r'1e)et €090 =d (€'s2) 61 S9b°0 =d (Iv2) v1 962°0 = d (0'€2)L1 G610 =d (s'€2) 1€ (0'62) 8€S 09 > Yi9e

6840 =d (A4 1ec0=4d ©Laze 8850 =d 98) S 9800 = d [Canls Yob'0 =d 99 (9'9) g1 a»ons

000 T =d 8D 8890 = d (VA4K4 1890 =d o 8vc0=d (I'v)e 0001 =d €e (€72 ¢y Aderoy) prodn1020on[H

€900 =d (€9)¢ ¥29'0 = d o 5900 =d (T9) e ¥29'0 =d (00 LSp'0=d € e [CRk:4 Aderoy) suouLIoy YIIM IDUED 2JeIS0Id

1680 =d (€2 L 8850 = d (€6) L 600 = d (ssn 6 s9z0 > d (89)S 18L0=4d (90D ¥1T (6°11) 02T smPw sajeqe1p g adAy,

8cro=d see 00z0=4d ©waze zero=d (se)e 610 =d (VAak4 2900 =d (OR3R% 16t uonedIpaur s1s010d0a)sO
(%) u ‘A)Ip1qI0Wod 10 AI0ISTH
Leoo=d  ZT17/,889 ¥050=d  €17/,699 Tv00=d  TI17/,L89 z8y0=d  €17/,0.L9 9800 =d  €17/,LL9 T17/, SS9 (W €4 T/utur/[ur) Y459
1000 >d €17/, T401L 1000 =d €17/,5901 €100 =4d €1/, v01l 1000 >d  $'17/,0%01 1000 >d  €17/,8901L €17/, 6611 (1p/3ur) [0191S3[0Y2-TA'T
epro=d  €17/,T98 1000 >d €17/,5€9 yr00=d  €17/,TLS 1000 >d  €17/,.,7T9 1000 >d  €17/,209 €17/, veS (1p/3ur) [0123$3[0YD-TAH
zi00=d  9T1*/,L86 1000 >d  GT1%/,+'S8 £L00=d  ST%/,8¢€0L 1000 >d 917%/,6'18 1000 >d  917%/,606 9T %/, T9ll (1p/3ur) SOPLIAdASILL
Lv00=d T17/. S8 061°0=4d T1%/.¥'S zero=d TL7/.SS 9L00 =d 17/ ¥'S ¥200 = d UL/ ¥'S TT7/4 €S (%) >TVqH
1080=4d €17/,0701 weo=d TL7/. €86 9Lg0=d €17/, 5501 9/g0=d TL7/ L'S6 wovo=4d €17/, 666 TL7/ €101 (1p/3wr) Hd4
1000 >d 81 ¥ S€1 1000 >d ST F L€L 1000 >d ST ¥ 6€L 1000 >d LT ¥ b€l 1000 >d 9T ¥ 9€L T F LYL (1p/3) urqoj3oway
1000 > d b F bV 1000 > d €5 F 921 1000 > d  Sv F 6£p 1000 >d TS F 2Th 1000 > d 6V F 6T 0'St * 09% (gWur/) 3unod [[99 pooiq pay
1000 >d 8T F t'IT 1000 >d €T F 80¢ 1000 >d 9T F ¢v'IC 1000 >d T ¥ 80T 1000 >d ST F I'l¢ LT ¥ T'€C (zw/3Y) INg
000=4d 68 F 9°4S 1000 >d 8L F 0SS ¥000=d  $'8 ¥ 0'8S ¥00°0 = d 18 ¥ L¥S 1000 >d  $'8 ¥ 195 S8 ¥ €19 (3 yBrom
yiro=d S'S F 0'v91 1ev0o=4d L'S F €791 6£00 =d 9'S F ¥'v91 6€00 = d S'S F 0291 5990 = d L'S F 0°€91 L'S F 8791 (wd) 3y3roH
1000 >d €S F TSL 8v0'0 =d 9GS F I'vL 2000 = d €S F I'SL 2000 = d 9S F TYL 1000 >d SS F 9vL TS F 6T (s1e24) 23y
1000 > d 8210 F 1440 1000 >d 6110 ¥ ¥€8°0 1000 > d 6010 ¥ 1640 1000 >d 8€I'0 ¥ 0280 1000 >d 9ZI'0 ¥ 080 STI'0 F ¥88°0 (zu/3) ange-diH
1000 >d €610 F 0060 <¢I00=d  8ST'0 ¥ £960 1000=d  +9T0 ¥ ¥€6'0 1000=d 9810 ¥ Th60 1000 > d 9LT'0 ¥ 8660 68I0 F 910°T (;wd/8) aNge-ST
£000=d 0C%/,9¢€ 1000 >d T1T7/,0% 1200 =d 8T/, b€ 1000 >d  TT™/, Tt 1000 >d 0T*/,8€ 617%/.8C o(Tuz/3u) DO
5000=d  9T*/,94ST 1000 >d 817/, L/8C 1200=d  917/,TL¥C 1000 >d 817/, €86C 1000 > d  L17/, €T LT/« ¥'80T 4(IP/NW) qSdOVUL
18€0=d ST*/, TS G00=d 9T/, ¥'S 81s0=d  ST%/,06 8500=d  LT1%/,SS ve00=d 9T/, €S ST%/,6% 4(u1/3u) uREd021s0
01s0=d  817/,€1C 1000=d ST7/,6°€C oro=d 817/,S1¢C €000=d  G17/,L€T ¥000=d 917/, .L7TT 917/, 20T V(u/3d) Hid
1'6 ¥ 6'€€ Sy F vL €€l F v0€ €8 F L6 8yl ¥ 881 - Awoydomses 2duls SIB9L
(Tey) LS (8'99) SL (6'¢h) 8S (1'99) v (99) zet (¥°€6) €581 (%) N

anfea d 0z=< anfea d 0z > anfea d 19010 anpea d I90URD)
Awoydansed a0urs s1eag Awo1oa1ses 10] uoseay anfea d PazIuIoldansen PazIw012311se3-UoN

‘Awoydansed jo A103s1y Aq padnoid Apms 1104oD NAINYOL 9y} jo siuedonted ur porrad dn-mof[oj 1ea4-G oY) SuLmp 21n3oeIj Jo 91kl IDUIPIdUT pue AGe Ul dSUeYD PUB SONSLIDIDRIBYD dUT[aseq

I 3lqeL

253



M. Iki, et al. Bone 127 (2019) 250-259

compared to non-gastrectomized men. Since ex-smokers did not have a
significant HR compared with non-smokers, they were included in the
non-smoker category.

p value
p=0.984

3.4. Adjusted HRs for gastrectomy on the incidence of OPF

To evaluate independent effects of gastrectomy on the incidence of
OPF, we adjusted this association for baseline characteristics that
showed significant or nearly significant (p < 0.1) age-adjusted HRs on
incident OPF (Table 3), i.e., PTH, spine and hip aBMD, weight, he-
moglobin, FPG, HbAlc, triglyceride, history of stroke and OPF, current
smoker, and daily drinker. Among these, hip aBMD and HbAlc were
not included in the analysis since they were highly correlated with LS-
aBMD and FPG, respectively. PTH and aBMD were intermediate factors
between gastrectomy and fracture, and analyzed separately from other
confounding factors.

The results of this analysis are shown in Table 4. After adjusting for
confounding factors, history of gastrectomy was associated with an
increased risk of incident OPF (Model 1). When classified by reason for
gastrectomy, those who underwent gastrectomy for ulcer showed a
significantly increased risk of OPF, but those who underwent gas-
trectomy for cancer did not (Model 1b). When stratified by YSG, men
with YSG = 20 showed a significantly higher risk of OPF than non-
gastrectomized men (Model 1c). Gastrectomy did not show a sig-
nificantly increased risk in any model for MOF (data not shown).

To evaluate effects of PTH and aBMD on the association between
gastrectomy and OPF risk, we additionally entered PTH and aBMD into
the models. When PTH was entered into Model 1a, HR of OPF for
gastrectomy decreased from 2.81 to 2.41, but the latter HR remained
significant (Model 2). When aBMD was further entered, HR of OPF for
gastrectomy was no longer significant (Model 3a). However, in the
model incorporating gastrectomy stratified by reason for gastrectomy
(Model 3b) or YSG (Model 3c), those who underwent gastrectomy for
ulcer or those with YSG = 20 showed a significantly higher risk of OPF.

Men who underwent gastrectomy for cancer had a shorter YSG and
those who underwent gastrectomy for ulcer had a longer YSG (Table 1),
with an extremely high correlation between reason for gastrectomy and
YSG (Tau-b = 0.922,p < 0.001). To clarify which was associated with
the increased risk of OPF (ulcer or long YSG), we calculated the in-
cidence rate of OPF in gastrectomized men for cancer and ulcer in men
with YSG < 20 or YSG = 20. Incidence rates were 0 (/1000 PY) and
7.4 for ulcer and cancer, respectively, for men with YSG < 20, and
25.0 and 21.0, respectively, for men with YSG = 20. There were no
significant differences in fracture incidence rates between those who
underwent gastrectomy for cancer and for ulcer in men with either
YSG < 20 or YSG = 20 (or both combined), while a significant dif-
ference in incidence rates was observed between YSG < 20 and
YSG = 20 when combining men who underwent gastrectomy for cancer
and for ulcer by the Mantel-Haenszel method (p = 0.0497).

43 £ 1.2

0.845

p value
p

Years since gastrectomy
< 20
0.565 4.4 + 1.0

p value
p

4.4 = 1.1

Ulcer

0.769

p value
p

43 = 1.1

Reason for gastrectomy
Cancer

0.875

p value

p

Gastrectomized
44 +1

4.3 = 1.0

4. Discussion

Non-gastrectomized

In the present study, community-dwelling elderly gastrectomized
Japanese men had significantly higher bone resorption, lower aBMD,
and higher risk of osteoporotic fractures independently of confounding
factors, compared to non-gastrectomized men. Increased OPF risk was
more prominent in men who survived for > 20 years after gastrectomy.

Most, but not all [9], previous studies on this topic reported an
association between gastrectomy and low aBMD or elevated risk of
fracture, but only a few studies [17,18] have provided a quantitative
risk estimate. These studies reported an approximately three-fold
higher risk of fracture in gastrectomized people compared to non-gas-
trectomized people. The present study showed for the first time that
Japanese elderly men have a similar level of risk to that previously
reported for Caucasians.

We first demonstrated an association between gastrectomy and

For 1785 men, reference range: 10-65 pg/ml.

Follow-up time (year)
For 1941 men.
For 1517 men,

A
B
c

% for men who underwent gastrectomy for cancer or ulcer, and those for years since gastrectomy (YSG) < 20 or YSG = 20 are presented as the proportion of 132 gastrectomized men.

Data are expressed as mean + SD, geometric mean ¥/ SD, or number (proportion in %).
YSG were calculated for 132 gastrectomized men.

p values were calculated for differences relative to non-gastrectomized men.

N: number of men.
TRACP5b: tartrate-resistant acid phosphatase 5b isoenzyme.

eGFR: estimated glomerular filtration rate.
PTH: parathyroid hormone.

ucOC: undercarboxylated osteocalcin.

aBMD: areal bone mineral density.
PY: person years.

FPG: fasting plasma glucose.
HDL: high-density lipoprotein.
LDL: low-density lipoprotein.

BMI: body mass index.

Table 1 (continued)
LS: lumbar spine.
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Table 3

Bone 127 (2019) 250-259

Age-adjusted hazard ratio for baseline characteristics on incident osteoporotic fractures during the 5-year follow-up period in participants of the FORMEN Cohort

Study.

Variables for baseline characteristics Unit/category

Outcome

Osteoporotic fracture Major osteoporotic fracture

HR 95% CI p-Value HR 95% CI p-Value
Gastrectomy Overall (N = 132)/no gastrectomy 2.85 (1.31, 6.16) 0.008 1.96 (0.68, 5.63) 0.213
For cancer (N = 74)/no gastrectomy 1.94 (0.60, 6.32) 0.272 1.76 (0.42, 7.42) 0.442
For ulcer (N = 58)/no gastrectomy 3.96 (1.55, 10.2) 0.004 2.21 (0.52, 9.35) 0.282
YSG < 20y (N = 75)/no gastrectomy 1.26 (0.30, 5.23) 0.753 0.86 (0.12, 6.31) 0.879
YSG = 20y (N = 57)/no gastrectomy 4.95 (2.07, 11.8) < 0.001 3.45 (1.04, 11.5) 0.044
PTH" 1 SD increase 2.46 (1.19, 5.09) 0.016 2.73 (1.14, 6.50) 0.024
Osteocalcin® 1 SD increase 0.97 (0.72, 1.31) 0.852 0.70 (0.31, 1.57) 0.386
TRACP5b” 1 SD increase 0.94 (0.55, 1.61) 0.833 0.73 (0.40, 1.33) 0.300
ucoC” 1 SD increase 1.31 (0.81, 2.13) 0.267 1.46 (0.82, 2.60) 0.200
LS-aBMD 1 SD increase 0.40 (0.28, 0.56) < 0.001 0.30 (0.19, 0.45) < 0.001
Hip-aBMD 1 SD increase 0.49 (0.36, 0.67) < 0.001 0.41 (0.29, 0.59) < 0.001
Height 1 SD increase 0.97 (0.72, 1.32) 0.857 1.03 (0.72, 1.47) 0.882
Weight 1 SD increase 0.79 (0.58, 1.09) 0.147 0.97 (0.92, 1.01) 0.116
BMI 1 SD increase 0.82 (0.61, 1.11) 0.196 0.89 (0.78, 1.02) 0.095
Red blood cell count (/mm®) 1 SD increase 0.82 (0.61, 1.12) 0.224 0.76 (0.53, 1.09) 0.133
Hemoglobin (g/dl) 1 SD increase 0.72 (0.55, 0.95) 0.018 0.68 (0.49, 0.93) 0.015
FPG 1 SD increase 1.37 (1.13, 1.67) 0.002 1.48 (1.20, 1.82) < 0.001
HbAlc 1 SD increase 1.36 (1.08, 1.71) 0.009 1.48 (1.16, 1.91) 0.002
Triglycerides 1 SD increase 0.74 (0.54, 1.01) 0.060 0.80 (0.55, 1.15) 0.220
HDL-cholesterol 1 SD increase 1.28 (0.40, 4.04) 0.680 0.97 (0.68, 1.38) 0.862
LDL-cholesterol 1 SD increase 1.10 (0.81, 1.49) 0.356 2.00 (0.46, 8.67) 0.352
eGFR 1 SD decrease 0.82 (0.59, 1.14) 0.230 1.21 (0.82, 1.78) 0.340
History or comorbidity
Osteoporosis medication Present/absent 3.30 (0.78, 14.0) 0.105 2.52 (0.34, 18.9) 0.369
Type 2 diabetes mellitus Present/absent 1.67 (0.78, 3.60) 0.188 2.20 (0.95, 5.10) 0.067
Prostate cancer with hormone therapy Present/absent 2.70 (0.65, 11.3) 0.172 2.01 (0.27, 14.9) 0.493
Stroke Present/absent 2.44 (1.08, 5.52) 0.033 2.00 (0.69, 5.78) 0.201
eGFR < 60 Present/absent 0.82 (0.42, 1.60) 0.553 0.78 (0.35, 1.78) 0.560
Osteoporotic fracture Present/absent 4.36 (1.71, 11.1) 0.002 3.74 (1.13, 12.4) 0.031
Major osteoporotic fracture Present/absent 1.86 (0.26, 13.5) 0.542 2.79 (0.38, 20.6) 0.314
Lifestyle factors, n (%)
Current smokers Yes/no 0.79 (0.58, 1.09) 0.063 0.36 (0.09, 1.53) 0.167
Daily drinkers Yes/no 0.42 (0.17, 1.1) 0.071 0.34 (0.10, 1.1) 0.078

HR: hazard ratio.

95% CI: 95% confidence interval.

YSG: years since gastrectomy.

TRACPS5b: tartrate-resistant acid phosphatase isoenzyme 5b.
PTH: parathyroid hormone.

ucOC: undercarboxylated osteocalcin.

LS: lumbar spine.

aBMD: areal bone mineral density.

BMI: body mass index.

FPG: fasting plasma glucose.

HbAlc: glycated hemoglobin Alc.

HDL: high-density lipoprotein.

LDL: low-density lipoprotein.

eGFR: estimated glomerular filtration rate.

No model incorporating glucocorticoid therapy was obtained since no fracture occurred in those undergoing glucocorticoid therapy.

* For 1785 men.
* For 1941 men.

bone metabolism status or aBMD in a population-based study. aBMD
was lower in gastrectomized men, especially those with YSG = 20, but
levels of PTH and TRACP5b were significantly higher in those with
YSG < 20 compared to non-gastrectomized men. Some clinic-based
studies have reported increased levels of PTH and bone turnover mar-
kers soon after gastrectomy [14], but no study has reported bone me-
tabolism status 20 years after gastrectomy. Our findings suggest that
bone resorption increases, and aBMD decreases, during the first
20 years after gastrectomy, and that this elevated bone turnover sub-
sides =20 years after gastrectomy while the decrease in aBMD remains,
thereby leading to increased fracture risk.

The mechanism underlying the gastrectomy-related increase in

fracture risk has been explained as follows: decreased absorption of
calcium and vitamin D [32-34] due to resection of the stomach leads to
reduced serum calcium levels, which in turn increases bone resorption
by elevating PTH levels, leading to a decrease in aBMD. As shown in
Table 4, the multi-adjusted HR of OPF for gastrectomy (2.81) was vir-
tually unchanged from the age-adjusted HR (2.85). This suggests that
the gastrectomy-related increase in fracture risk is independent of
covariates in Model 1, including FPG, triglyceride, history of OPF and
stroke, and drinking habits. However, this HR decreased from 2.81 to
2.41 when PTH was added to the model, and decreased to 2.13 by
further addition of aBMD. These changes suggest that PTH and aBMD
are intermediate factors among the causal chain between gastrectomy
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Table 4
Adjusted hazard ratio for history of gastrectomy on incident osteoporotic fractures during the 5-year follow-up period in participants of the FORMEN Cohort Study
(N = 1985).
Model Predictors Category/unit Osteoporotic fracture
HR 95% CI
Model 1a Gastrectomy Overall (N = 132)/no gastrectomy 2.81 (1.28, 6.18)
FPG 1 SD increase 1.45 (1.19, 1.77)
Triglycerides 1 SD increase 0.72 (0.52, 1.00)
History or comorbidity
Osteoporotic Fx Present/absent 3.95 (1.5510.1)
Stroke Present/absent 2.63 (1.16, 6.00)
Daily drinker Yes/no 0.38 (0.15 0.95)
Model 1b Gastrectomy For cancer (N = 74)/no gastrectomy 2.00 (0.59, 6.64)
For ulcer (N = 58)/no gastrectomy 3.71 (1.43, 9.60)
Model 1c Gastrectomy YSG < 20y (N = 75)/no gastrectomy 1.13 (0.27, 4.77)
YSG = 20y (N = 57)/no gastrectomy 5.38 (2.24, 12.9)
Model 2 Gastrectomy Overall (N = 132)/no gastrectomy 2.41 (1.04, 5.60)
PTH 1 SD increase 3.44 (1.14, 10.3)
Model 3a Gastrectomy Overall (N = 132)/no gastrectomy 2.13 (0.92, 4.93)
PTH 1 SD increase 2.87 (0.90, 9.17)
LS-aBMD 1 SD increase 0.42 (0.29, 0.60)
Model 3b Gastrectomy For cancer (N = 74)/no gastrectomy 1.82 (0.54, 6.09)
For ulcer (N = 58)/no gastrectomy 291 (1.02, 8.32)
Model 3c Gastrectomy YSG < 20y (N = 75)/no gastrectomy 1.27 (0.30, 5.34)
YSG = 20y (N = 57)/no gastrectomy 3.56 (1.33, 9.52)

N: number of men.

HR: hazard ratio.

95% CI: 95% confidence interval.
LS: lumbar spine.

aBMD: areal bone mineral density.
FPG: fasting plasma glucose.

Fx: fracture.

YSG: years since gastrectomy.
PTH: parathyroid hormone.

Stepwise selection of independent variables was applied from age, body mass index, hemoglobin, osteoporosis medication and current smoker in addition to variables

incorporated in Model 1a.

All models incorporated the same covariates as Model 1a, and the covariates had similar estimates.

and fracture. However, PTH and aBMD may not explain all the effects of
gastrectomy on the increase in fracture risk since gastrectomy had an
insignificant but two-fold increase in fracture risk even in the fully
adjusted model (Model 3a), and also showed a significant increase in
men who underwent gastrectomy for ulcer or with YSG = 20. This
BMD-independent increase in HR could be explained by an increase in
ucOC levels in gastrectomized men. ucOC is a marker for vitamin K
sufficiency [35], and higher ucOC levels imply vitamin K insufficiency,
which can lead to an increased risk of osteoporotic fractures [36,37].
Gastrectomized people exhibit a decreased ability to absorb lipids due
to the shortening of passage time through the duodenum or due to
bypassing the duodenum [38], resulting in reduced absorption of lipid-
soluble vitamins including vitamin K. Thus, gastrectomy may have in-
creased the fracture risk in our study population through a vitamin K-
related pathway in addition to a decrease in bone mass.

Weight loss is a common symptom of postgastrectomy syndrome
[39,40] and is related to changes in the levels of hormones, such as
ghrelin, leptin, and adiponectin, following gastrectomy [41,42]. This
could potentially lead to a decrease in aBMD. Weight loss may also be
involved in the gastrectomy-related increase in fracture risk. Although
we had data on baseline weight, which was significantly lower in gas-
trectomized men than in non-gastrectomized men, the weight was
measured at a mean of 18.8 years after gastrectomy. Moreover, we did
not have information on changes in weight following gastrectomy and
serum concentrations of weight-related hormones. Further studies will
be needed to elucidate the mechanism underlying the association be-
tween gastrectomy and fracture risk.

According to our results, surgeons should keep in mind the in-
creased risk of osteoporotic fractures later in life (20 years later) in
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patients who undergo gastrectomy. In this regard, aBMD and vitamin D
and vitamin K sufficiency should be monitored periodically over a long
period, and patients should be treated as necessary when they present
with low aBMD or vitamin D or K insufficiency. Long-term survivors are
a target population for osteoporosis screening and for controlling os-
teoporotic fracture risk.

According to Seo et al., the median duration from gastrectomy to
first fracture was 3.1 years in their nationwide 5-year longitudinal study
[16], suggesting that an increased risk of fracture can present soon after
gastrectomy. The mean duration since gastrectomy to outcome fracture
in the present study was 31.6 years, which is much longer than that
reported by Seo et al. [16]. This discrepancy is caused by the difference
in study design, in which we registered fractures as an outcome at a
mean of 18.8years after gastrectomy, rather than soon after gas-
trectomy. We may therefore underestimate the risk of fracture soon
after gastrectomy since gastrectomized men who suffered a fracture
soon after gastrectomy may have less likely to participate in the present
study.

The present study has several strengths. First, this is the first
Japanese population-based study on this topic that touched on bone
metabolism status and aBMD and that demonstrated increased ucOC
levels in gastrectomized men. Second, the study had a relatively large
sample size that likely reflects the health status of a community-
dwelling elderly male population in Japan. Third, the study was con-
ducted as part of an ongoing cohort study that anticipates 20 years of
follow-up with several waves of clinical surveys at a university hospital,
which allows for further follow-up studies with our present study po-
pulation. Finally, as this is a single-center study, it lacks inter-center
variation.
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However, there are also several limitations worth noting. First, be-
cause our participants were volunteers, those who underwent gas-
trectomy for advanced cancer may have been less likely to participate.
We identified only 44 men with incident osteoporotic fractures, which
was approximately one-half of the expected number. This was not due
to drop-outs from the cohort since the follow-up rate was extremely
high. This also suggests that participating men were likely to be heal-
thier than their counterparts in the general population. This could have
led to healthy user bias, resulting in an underestimation of the asso-
ciation of interest and possibly leading to the lack of a significant as-
sociation between gastrectomy and fracture risk in those with
YSG < 20. Second, our sample size was not large enough to examine
associations relating to MOF and skeletal site-specific fractures. Third,
participants were restricted to elderly Japanese men; thus, caution
should be exercised in applying the results to other racial/ethnic groups
or women. Fourth, history of gastrectomy was based on self-report.
Therefore, misclassification may have occurred, although this could
have also underestimated the strength of the associations. Also, in-
formation regarding the type of resection (total or partial resection) and
reconstruction methods of the stomach was not available from inter-
view data. It was not possible, therefore, to examine differences in
fracture risk by type of resection and reconstruction method. We also
lacked data on whether men who underwent gastrectomy for cancer
also underwent anti-cancer chemotherapy, which has been reported to
increase fracture risk [16]. Thus, we could not evaluate the impact of
chemotherapy on fracture risk after gastrectomy. Fifth, we did not
measure serum calcium and 25-hydroxyvitamin D levels, and did not
have information on the use of calcium or vitamin D supplements or
multi-vitamins. We also did not have information on changes in body
weight following gastrectomy. The lack of this information limited the
ability to further consider the mechanism underlying the associations of
interest. Finally, outcomes were based on self-reported data. This
method of fracture detection has been repeatedly confirmed by medical
charts or radiological chart reviews [43,44], but misclassification may
still have occurred. In addition, two thirds of vertebral fractures are
reportedly asymptomatic [45] and were therefore not examined for
associations with fracture risk in the present study. Inclusion of
asymptomatic vertebral fracture in the outcome may alter the asso-
ciation,

5. Conclusions

Gastrectomy was associated with elevated bone resorption, de-
creased aBMD, and elevated risk of OPF in community-dwelling elderly
Japanese men. This increase in fracture risk was prominent in men who
survived for 20 years or more after the surgery. Gastrectomized men
should be observed long-term for the management of osteoporosis and
OPF risk.

Acknowledgements

The Fujiwara-kyo study group (chaired by Norio Kurumatani)
comprising Nobuko Amano, Yuki Fujita, Akihiro Harano, Kan Hazaki,
Masayuki Iki, Junko Iwamoto, Akira Minematsu, Masayuki Morikawa,
Nozomi Okamoto, Keigo Saeki, Noriyuki Tanaka, Kimiko Tomioka, and
Motokazu Yanagi performed most non-skeletal measurements in the
present study and provided data to the FORMEN study. The authors
acknowledge Take Medical Service Inc. (Tokyo, Japan) and SRL Inc.
(Tokyo, Japan) for their technical assistance in radiographic and la-
boratory measurements, respectively.

Funding
This work was supported by Japan Society for the Promotion of

Science, JSPS KAKENHI Grant Numbers JP20659103 (2008-2009),
JP21390210 (2009-2011), and JP20590661 (2008-2010); Japanese

Bone 127 (2019) 250-259

Ministry of Education, Culture, Sports, Science and Technology, MEXT
KAKENHI Grant Number JP20790451 (2008-2010); the Japan Dairy
Association [Grant-in-Aid for Study on Milk Nutrition (2008)]; the
Foundation for Total Health Promotion [Grant 2007]; St. Luke's Life
Science Institute [Grant-in-Aid for Epidemiological Research (2008)];
Meiji Yasuda Life Foundation of Health and Welfare [Grant 2008]; and
the Medical Research Encouragement Prize of the Japan Medical
Association (2008). The funding bodies had no role in designing the
study, collecting, analyzing, and interpreting the data, writing the
manuscript, or deciding where to submit the manuscript for publica-
tion.

Declaration of Competing Interest
The authors declare that they have no conflicts of interest.
References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre, A. Jemal, Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries, CA Cancer J. Clin. 68 (6) (2018) 394-424.

J. Ferlay, M. Colombet, I. Soerjomataram, C. Mathers, D.M. Parkin, M. Pineros,
A. Znaor, F. Bray, Estimating the global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods, Int. J. Cancer 144 (8) (2018) 1941-1953.
Cancer Information Service, Cancer Statistics in Japan 2017, Foundation for
Promotion of Cancer Research, Tokyo, 2018.

Japan Gastric Cancer Association, Japanese gastric cancer treatment guidelines
2014 (ver. 4), Gastric Cancer 20 (1) (2017) 1-19.

K. Satoh, J. Yoshino, T. Akamatsu, T. Itoh, M. Kato, T. Kamada, A. Takagi, T. Chiba,
S. Nomura, Y. Mizokami, K. Murakami, C. Sakamoto, H. Hiraishi, M. Ichinose,

N. Uemura, H. Goto, T. Joh, H. Miwa, K. Sugano, T. Shimosegawa, Evidence-based
clinical practice guidelines for peptic ulcer disease 2015, J. Gastroenterol. 51 (3)
(2016) 177-194.

D. Mellstrom, A. Rundgren, Long-term effects after partial gastrectomy in elderly
men. A longitudinal population study of men between 70 and 75 years of age,
Scand. J. Gastroenterol. 17 (3) (1982) 433-439.

K. Inoue, K. Shiomi, S. Higashide, N. Kan, Y. Nio, T. Tobe, C. Shigeno, J. Konishi,
H. Okumura, T. Yamamuro, et al., Metabolic bone disease following gastrectomy:
assessment by dual energy X-ray absorptiometry, Br. J. Surg. 79 (4) (1992)
321-324.

D. Mellstrom, C. Johansson, O. Johnell, G. Lindstedt, P.A. Lundberg, K. Obrant,
1.M. Schoon, G. Toss, B.O. Ytterberg, Osteoporosis, metabolic aberrations, and in-
creased risk for vertebral fractures after partial gastrectomy, Calcif. Tissue Int. 53
(6) (1993) 370-377.

B. Liedman, I. Bosaeus, D. Mellstrom, L. Lundell, Osteoporosis after total gas-
trectomy. Results of a prospective, clinical study, Scand. J. Gastroenterol. 32 (11)
(1997) 1090-1095.

Y. Adachi, E. Shiota, T. Matsumata, Y. Iso, R. Yoh, S. Kitano, Osteoporosis after
gastrectomy: bone mineral density of lumbar spine assessed by dual-energy X-ray
absorptiometry, Calcif. Tissue Int. 66 (2) (2000) 119-122.

J.S. Lim, S.B. Kim, H.Y. Bang, G.J. Cheon, J.I. Lee, High prevalence of osteoporosis
in patients with gastric adenocarcinoma following gastrectomy, World J.
Gastroenterol. 13 (48) (2007) 6492-6497.

S.H. Yoo, J.A. Lee, S.Y. Kang, Y.S. Kim, S. Sunwoo, B.S. Kim, J.H. Yook, Risk of
osteoporosis after gastrectomy in long-term gastric cancer survivors, Gastric Cancer
21 (4) (2018) 720-727.

K.H. Baek, H.M. Jeon, S.S. Lee, D.J. Lim, KW. Oh, W.Y. Lee, E.J. Rhee, J.H. Han,
B.Y. Cha, K.W. Lee, H.Y. Son, S.K. Kang, M.I. Kang, Short-term changes in bone and
mineral metabolism following gastrectomy in gastric cancer patients, Bone 42 (1)
(2008) 61-67.

W. Krupski, M.R. Tatara, P. Bury, A. Szabelska, A. Charuta, R. Maciejewski,

G. Wallner, A. Dabrowski, Negative effects of total gastrectomy on bone tissue
metabolism and volumetric bone mineral density (vBMD) of lumbar spine in 1-year
study in men, Medicine 95 (7) (2016) e2817.

H.J. Oh, C.H. Lim, B.H. Yoon, S.B. Yoon, M.K. Baeg, W.C. Kim, Y.K. Cho, J.M. Park,
M.G. Choi, H.M. Yoo, K.Y. Song, H.M. Jeon, C.H. Park, Fracture after gastrectomy
for gastric cancer: a long-term follow-up observational study, Eur. J. Cancer 72
(2017) 28-36.

G.H. Seo, H.Y. Kang, E.K. Choe, Osteoporosis and fracture after gastrectomy for
stomach cancer: a nationwide claims study, Medicine 97 (17) (2018) e0532.

B.E. Nilsson, N.E. Westlin, The fracture incidence after gastrectomy, Acta Chir.
Scand. 137 (6) (1971) 533-534.

L.J. Melton 3rd, C.S. Crowson, S. Khosla, W.M. O’Fallon, Fracture risk after surgery
for peptic ulcer disease: a population-based cohort study, Bone 25 (1) (1999)
61-67.

T. Imamura, S. Komatsu, D. Ichikawa, T. Kosuga, T. Kubota, K. Okamoto,

H. Konishi, A. Shiozaki, H. Fujiwara, E. Otsuji, Reconstruction method as an in-
dependent risk factor for postoperative bone mineral density loss in gastric cancer,
J. Gastroenterol. Hepatol. 33 (2) (2018) 418-425.

M. Iki, Y. Fujita, J. Tamaki, K. Kouda, A. Yura, E. Kadowaki, Y. Sato, J.S. Moon,

[2]

[3]
[4]

[5]

[6]

[7

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]


http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0005
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0005
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0005
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0010
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0010
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0010
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0015
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0015
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0020
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0020
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0025
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0025
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0025
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0025
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0025
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0030
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0030
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0030
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0035
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0035
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0035
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0035
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0040
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0040
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0040
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0040
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0045
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0045
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0045
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0050
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0050
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0050
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0055
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0055
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0055
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0060
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0060
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0060
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0065
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0065
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0065
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0065
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0070
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0070
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0070
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0070
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0075
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0075
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0075
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0075
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0080
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0080
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0085
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0085
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0090
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0090
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0090
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0095
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0095
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0095
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0095
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0100

M. Iki, et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

N. Okamoto, N. Kurumatani, Design and baseline characteristics of a prospective
cohort study for determinants of osteoporotic fracture in community-dwelling el-
derly Japanese men: the Fujiwara-kyo osteoporosis risk in men (FORMEN) study,
BMC Musculoskelet. Disord. 10 (2009) 165.

G. FitzGerald, S. Boonen, J.E. Compston, J. Pfeilschifter, A.Z. LaCroix, D.W. Hosmer
Jr., F.H. Hooven, S.H. Gehlbach, Differing risk profiles for individual fracture sites:
evidence from the Global Longitudinal Study of Osteoporosis in Women (GLOW), J.
Bone Miner. Res. 27 (9) (2012) 1907-1915.

M. Iki, Y. Fujita, J. Tamaki, K. Kouda, A. Yura, Y. Sato, J.S. Moon, R. Winzenrieth,
N. Okamoto, N. Kurumatani, Trabecular bone score may improve FRAX(R) pre-
diction accuracy for major osteoporotic fractures in elderly Japanese men: the
Fujiwara-kyo Osteoporosis Risk in Men (FORMEN) Cohort Study, Osteoporos. Int.
26 (6) (2015) 1841-1848.

J. Tamaki, K. Kouda, Y. Fujita, M. Iki, A. Yura, M. Miura, Y. Sato, N. Okamoto,
N. Kurumatani, Ratio of endogenous secretory receptor for advanced glycation end
products to pentosidine predicts fractures in men, J. Clin. Endocrinol. Metab. 103
(1) (2018) 85-94.

H. Kawaguchi, T. Matsumoto, T. Kurokawa, H. Orimo, K. Mizunashi, Y. Takuwa,
H. Niimi, M. Shiraki, T. Ohara, Y. Shishiba, Y. Tsuchiya, H. Takahshi, K. Takatsuki,
Y. Seino, H. Morii, T. Fyjita, S. Okamoto, E. Ogata, Serum levels of BGP determined
by two-site immunoradiometric assay (IRMA) using monoclonal antibodies, Clin.
Endocrinol. 38 (1990) 1291-1296.

Y. Ishizawa, M. Inaba, K. Ishii, H. Yamashita, T. Miki, H. Goto, S. Yamada, O. Chaki,
K. Kurasawa, Y. Mochiduki, Evaluation of newly developed kit for measurement of
bone-specific tartrate-resistant acid phosphatase in blood, Igaku to Yakugaku 54
(2005) 709-717.

E. Blind, Measurement of intact parathyroid hormone by an extracting two-site
immunometric assay, in: A.F. Schmidt-Gayk H, R. Bouillon (Eds.), Calcium
Regulating Hormones, Vitamin D Metabolites, and Cyclic AMP, Springer,
Heidelberg, 1990, p. 151.

J. Nishimura, N. Arai, J. Tohmatsu, Measurement of serum undercarboxylated os-
teocalcin by electrochemiluminescence immunoassay with the “Picolumi ucOC” kit,
Igaku to Yakugaku 57 (2007) 523-535.

S. Matsuo, E. Imai, M. Horio, Y. Yasuda, K. Tomita, K. Nitta, K. Yamagata,

Y. Tomino, H. Yokoyama, A. Hishida, Revised equations for estimated GFR from
serum creatinine in Japan, Am. J. Kidney Dis. 53 (6) (2009) 982-992.

H. Orimo, Y. Sugioka, M. Fukunaga, Y. Muto, T. Hotokebuchi, I. Gorai,

T. Nakamura, K. Kushida, H. Tanaka, T. Ikai, Y. Oh-hashi, Diagnostic criteria of
primary osteoporosis, J. Bone Miner. Metab. 16 (3) (1998) 139-150.

E.M. Lewiecki, C.M. Gordon, S. Baim, M.B. Leonard, N.J. Bishop, M.L. Bianchi,
H.J. Kalkwarf, C.B. Langman, H. Plotkin, F. Rauch, B.S. Zemel, N. Binkley,

J.P. Bilezikian, D.L. Kendler, D.B. Hans, S. Silverman, International Society for
Clinical Densitometry 2007 adult and pediatric official positions, Bone 43 (6)
(2008) 1115-1121.

M. Iki, S. Kagamimori, Y. Kagawa, T. Matsuzaki, H. Yoneshima, F. Marumo, Bone
mineral density of the spine, hip and distal forearm in representative samples of the
Japanese female population: Japanese Population-based Osteoporosis (JPOS)

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Bone 127 (2019) 250-259

Study, Osteoporos. Int. 12 (7) (2001) 529-537.

A. Caniggia, C. Gennari, L. Cesari, Intestinal absorption of 45CA dynamics of 45CA
in gastrectomy osteoporosis, Acta Med. Scand. 176 (1964) 599-605.

K. Corbeels, L. Verlinden, M. Lannoo, C. Simoens, C. Matthys, A. Verstuyf,

A. Meulemans, G. Carmeliet, B. Van der Schueren, Thin bones: vitamin D and
calcium handling after bariatric surgery, Bone Rep. 8 (2018) 57-63.

A.L. Schafer, Vitamin D and intestinal calcium transport after bariatric surgery, J.
Steroid Biochem. Mol. Biol. 173 (2017) 202-210.

N. Tsugawa, M. Shiraki, Y. Suhara, M. Kamao, K. Tanaka, T. Okano, Vitamin K
status of healthy Japanese women: age-related vitamin K requirement for gamma-
carboxylation of osteocalcin, Am. J. Clin. Nutr. 83 (2) (2006) 380-386.

P. Szulc, M.C. Chapuy, P.J. Meunier, P.D. Delmas, Serum undercarboxylated os-
teocalcin is a marker of the risk of hip fracture in elderly women, J. Clin. Invest. 91
(4) (1993) 1769-1774.

M. Shiraki, Y. Shiraki, C. Aoki, M. Miura, Vitamin K2 (menatetrenone) effectively
prevents fractures and sustains lumbar bone mineral density in osteoporosis, J.
Bone Miner. Res. 15 (3) (2000) 515-521.

M. Takase, Y. Sumiyama, J. Nagao, Quantitative evaluation of reconstruction
methods after gastrectomy using a new type of examination: digestion and ab-
sorption test with stable isotope 'C-labeled lipid compound, Gastric Cancer 6 (3)
(2003) 134-141.

T. Aoyama, T. Yoshikawa, J. Shirai, T. Hayashi, T. Yamada, K. Tsuchida,

S. Hasegawa, H. Cho, N. Yukawa, T. Oshima, Y. Rino, M. Masuda, A. Tsuburaya,
Body weight loss after surgery is an independent risk factor for continuation of S-1
adjuvant chemotherapy for gastric cancer, Ann. Surg. Oncol. 20 (6) (2013)
2000-2006.

1.D. Johnston, R. Welbourn, K. Acheson, Gastrectomy and loss of weight, Lancet 1
(7033) (1958) 1242-1245.

K. Takachi, Y. Doki, O. Ishikawa, I. Miyashiro, Y. Sasaki, H. Ohigashi, K. Murata,
H. Nakajima, H. Hosoda, K. Kangawa, F. Sasakuma, S. Imaoka, Postoperative
ghrelin levels and delayed recovery from body weight loss after distal or total
gastrectomy, J. Surg. Res. 130 (1) (2006) 1-7.

S. Takiguchi, A. Takata, K. Murakami, Y. Miyazaki, Y. Yanagimoto, Y. Kurokawa,
T. Takahashi, M. Mori, Y. Doki, Clinical application of ghrelin administration for
gastric cancer patients undergoing gastrectomy, Gastric Cancer 17 (2) (2014)
200-205.

Y.A. Hundrup, S. Hoidrup, E.B. Obel, N.K. Rasmussen, The validity of self-reported
fractures among Danish female nurses: comparison with fractures registered in the
Danish National Hospital Register, Scand. J. Public Health 32 (2) (2004) 136-143.
A.A. Ismail, T.W. O’Neill, W. Cockerill, J.D. Finn, J.B. Cannata, K. Hoszowski,

0. Johnell, C. Matthis, H. Raspe, A. Raspe, J. Reeve, A.J. Silman, Validity of self-
report of fractures: results from a prospective study in men and women across
Europe. EPOS Study Group. European Prospective Osteoporosis Study Group,
Osteoporos. Int. 11 (3) (2000) 248-254.

C. Cooper, E.J. Atkinson, W.M. O’Fallon, L.J. Melton 3rd, Incidence of clinically
diagnosed vertebral fractures: a population-based study in Rochester, Minnesota,
1985-1989, J. Bone Miner. Res. 7 (2) (1992) 221-227.


http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0100
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0100
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0100
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0100
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0105
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0105
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0105
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0105
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0110
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0110
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0110
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0110
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0110
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0115
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0115
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0115
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0115
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0120
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0120
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0120
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0120
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0120
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0125
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0125
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0125
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0125
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0130
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0130
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0130
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0130
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0135
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0135
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0135
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0140
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0140
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0140
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0145
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0145
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0145
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0150
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0150
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0150
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0150
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0150
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0155
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0155
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0155
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0155
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0160
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0160
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0165
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0165
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0165
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0170
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0170
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0175
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0175
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0175
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0180
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0180
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0180
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0185
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0185
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0185
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0190
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0190
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0190
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0190
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0195
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0195
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0195
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0195
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0195
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0200
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0200
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0205
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0205
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0205
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0205
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0210
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0210
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0210
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0210
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0215
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0215
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0215
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0220
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0220
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0220
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0220
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0220
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0225
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0225
http://refhub.elsevier.com/S8756-3282(19)30246-7/rf0225

	Increased risk of osteoporotic fracture in community-dwelling elderly men 20 or more years after gastrectomy: The Fujiwara-kyo Osteoporosis Risk in Men (FORMEN) Cohort Study
	Introduction
	Materials and methods
	Study setting
	Study participants
	Identification of outcome
	Medical history
	Laboratory measurements
	Bone mass measurements
	Body size measurements
	Statistical analyses

	Results
	Baseline characteristics of gastrectomy groups
	Gastrectomy and bone metabolism markers and aBMD
	Age-adjusted HRs of baseline variables on the incidence of OPF
	Adjusted HRs for gastrectomy on the incidence of OPF

	Discussion
	Conclusions
	Acknowledgements
	mk:H1_20
	Funding
	mk:H1_22
	mk:H1_23
	References




