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Long-Term Arsenic Exposure and Incidence of Non—lnsulm—Dependent Diabetes
Mellitus: A Cohort Study in Arseniasis-Hyperendemic Villages in Taiwan

Chin-Hsiao Tseng,'Z Tong-Yuan Tai,' Choon-Khim Chong,? Ching-Ping Tseng * Mei-Shu Lai,’ Boniface J. Lin,’
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‘Dubeu:pmlenam iasi " vilhgum'raw:nhghﬂwtmdmh
ugmﬂundyh.herchnmdnpmlppdmmﬂcmof&wbonludymmfu&:
- '@dﬂth&ﬂ“mhﬂhﬂ.AMd%Mﬁdﬂnmhvﬂh‘a
© * were followed biannually by oral giucase tolerance test. Diabetzs iz wes-defined s 2 fasting phs-
- mar ghiscoeé level 2 7.8 wmol/L and/or 2 2-he poit-load glacoes level 2 11.1 mmdl/L. During the
. follow'ap perind of 1499.5 pemon-years, 41 ciscs developed disbetes, showing an overall ind-
* " 'dence of 27.4/1,000 person-years. The incidence of diabetes coerelated with age, body mass
index, and cumulstive arsenic exposure. The maltivaristo-adjiasted relative disks were 1.6, 2.3, and
© 21 foc serage 2 55 vensas < 55 years, 2 body mass index 2 25 veosus <25 kg/m?, and 2 cumala-
: "mmm217m<l7mdbymmdyﬂnm&nym(”ﬂ
* ships were 3.6 (3.5-3.6), 2.3 (1.1-4.9), 43 (2.4-7.7), and 5.5 (22-13.5), respectively, for the 2ge
" groups of 3544, 45-54, 5564, and 6574 years. The findings are consistent with our previoas
cross-sectional obeervation that ingested inocgrmic arsenic is disbetogenic in human beings. Ky
w&MWWWwMMMMMM
Enviros Haslth Perspecs 108:000-000 (2000). [Ouline i |
WIWMM&MIWMM

andu'ranogmce&'acuof'

:iandthe

The amedommgmghswu&ns,dmod&
assenic have loog been observed among jndi-  ratio of from diabetes mallitus was 1.8
viduals- wa Bi%mnﬁdmmmli@,ll—zs}ﬁx
" high levet of inorganic arsenic from drinking  the exposed glass workers 23 compared o
. ammwdlmmd:evﬂhgesloamdu*"!ﬂrdzunapoedoms(ﬂ I Accordingto
’ d:esoudzmmastof’l'zwan(!) oo comnnmy-basedauveyofdnbeusmdh—
» = - In ourrecent study; the | of dia- tus in"Bangfadesh, Rahman st aL (5
o ,bmmdlmz-ﬁ:ldhxgbq'mésem - ‘oheerved & nsc mend wasr-observed

"than in Taipei City and the Taiwan arez in -
" genéral (2). A dose-response relation.
(CAE)
ofdnba:smdllmswas

betvae:na.lmuhlvemxc

’ plemk&cnors(z *in-ther-seudy-Rahman’
..and Axelson (3) heve-else~camried out 2 small’
case—control study on Swedish copper -

- 1260-1976 from thc pasish register: they -
sompaced by-compering-chree arsenic expo-.
sure categories with an unexposed group.

'WW'“AU‘
" Correct?**®) They have-observed an-
mxdmmug-mkofdymgﬁomdn—
betesmeﬂmxswu:h increasing arsenic expo-
sure; ds ratios were oF2.0, 4.2,
and 7.0 (p= 0.03 for the tend) for

10 arsenio-in-the-eir of—< 0.5, 0.5, and > 0.5
mg/m? ysenic in the air, respectively, a3
compared g wieh-an unexposed control
group. In another similar bue larger study

usiag the deach’ records for”

between. the prevalence of diabetes mellions

’andﬁgisemckvdmdmhngm(ﬂr

Prevalence data provide the information

" for ‘the generation of hypotheses, bur suffer
* " from some drawbacks i evaluaring a-causal
" reladonship. Because the prevalence of a
~ given disease is 2 funcrion of its incidence

and duration (6), an increase of prevalence

" ‘could be arxibucible due~co- the increase in

- disease incidence and/or duradon. If the

) long—cenn ‘arsenic exposure increases the

dnd decreases the survivalship of

- diabetes mellitus, the dose—response manner
- between arsenic and diabetes mellicus will be

less suiking when by-using-prevalence is
used rather than incidence daa. (***AU:
Correct?®*®) Therefore, it is more

. appropriate to look further into the associa-

tion between e-long-term arsenic exposure
and the incidence of diabetes mellitus. In
this paper, we describe our study in which
we used 2 bianoual 75 g ol glucose roler-
anse fest o shee-follow ed-a cohort of sub-
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jects who were free from diabetes mellitus
for 2-period of 4 years. usi
* —{*** AU:

- Correct?®*®) .

Materials and Methods

The study area, study subjects, original com-
muniry-based survey, and estimacion of CAE
have been previ described in denail (2).
In brief, the smudy arez included three vil-
lages locared gq we-the southwestern coast of
Taiwan where arseniasis was hyperendemic.
Because of the high salinity in the warer of
shallow wells, residentsin these villages used
(7). The median arsenic concentration of
arcesian well wacer ranged from 0.70 o 0.93
mdl-(m A p water supply system using
was implemented in the 1960s,
mgmkhdmmﬁum
m—m&h—umldmhmlfﬂo;
(***AU: Correct?**®) The standard
for arsenic in drinking water set by the U.S.
Eavironmental Protection Agency is 0.05
mg/L (9).

In Taiwan, the houschold registrarion
system is effective and efficient because of the
completeness and acauracy of the registrarion
information=—To recruit 2 cohort of residencs
for 2 long-term follow-up saudy on health
haurdsmtedmthlong—mmmc

we selected oly those

residents who lived at least 5 days 2 week in

dumndrvdhgu.Amﬂlon.zism
older than eves~30 years of age were regis-

mmdxnlhesmdyviﬂap.bmon!yljﬂof

them were for therecruitment in =0

our cohort. Most of the other 687 registered
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residents worked in Chiayi City and its sub-
urban area, rerumning to the study villages
during weckends. All cligible subjects were
incerviewed at home from September 1983
through June 1989. A sandardized personal
inrerview based on a strucrared questionnaire
was carried out by two public bealth aures
who were well trained in interview tech-

niques and questionnaire details. Information

obained from the interviews included histo-
ry of high-arsenic arvesian well water con-

and demographic characreristics, alcohol -
intake, cigarette smoking, physical actvities, .
- as well as 3 personal and family history of

ion and diabetes. A weal of 1,081

_ cligible subjects interviewed berween
Scpt:mber and December 1988 were inviced
o participate in a health examination in .

‘Janvary and February 1989 on 2 voluneary . .

basis. No incentives were offered to- the sub- .

ineerviewed after December 1988 were not -

invited to participate in the examination. A
total of 941 tadems. mdudmg 408 men-
MSSB women, in themmmu—

hesich examination from January
to February 1989. Among them, 381
(93.4%) men and 510 (95.7%) women

agreed to be tested for diaberes mellitus by

oral glucose toleranee cest. Lai et al. (2) ana-
lyzed these data and heve-found that the
prevalence of diabetes mellitus was signifi-

undyasocnmdwmﬁCAE.MToﬁn— .

ther carify the di effect of arsenic,
we decided to follow: the subjects whe were
not found .t be diabetic and whose, CAE
danweemkbfemdnpmlencesmdy
for the development of diabetes mellitus.
Afcrndmnofknmmaofdubets
mellitus identified the bascline health . :
examination (86 cases) and residents whose -

seaeus-of-CAE status was unknown (173 .
cascs), 2 toeal of£ 632 subjects were eligible for - -
the evaluation of the associadon. berween the
incidence of diabetes mellitus and CAE. In. -

theyears-1991 and 1993, 446 of chem agreed
w participate in the follow-up examinarion -
byonlgiumwlmm ’

Some study subjects had moved &oin
one village t another, and the arsenic coni~
centratians were different in the artestan well
water of these villages. were—differene~We-
deriyed an index of CAE wes-derived-to
reflect the overall exposure to assenic for
exch study subject, taking into account boch .
the duration and the arsenic level of arresian
well warer. This CAE index-js fe-wan-defined
w-the sum of produces derived by mulsiply-
ing the arsenic concentration in well water
(in milligrams per lier) by the duration of
water consumption (in years) dunngcon:o
utive periods of residenc in &
cot villages. (***AU: Comcﬂ"')

2

. - efffect of arsenic

Thus. the Faoererwords-CAE 5 wes
derived by the following formula: £(C; x
D), where C; i3 was-che median arsenic con-
centration in the well warer of che village
where a given study subject lived during she
penodn.zndD,nmchedumonofdnnk‘

sure was-eslouiaced-only for drese-subjects

for whom there was had-complere informa-
tion on arsenic exposure from drinking

m&m@wtmmmm

tdme. (***AU: Correct?**®) In other_
- words, the arsenic exposure index of a given
subject was classified as unknown if che |
arsenic concentratio, of well water in any.
. village where the subject had lived during his.
. or her lifetime was not available. We oxdud- . -
" &d the sesubjects with unknown CAEs from .

were-ennluded-fer-follow-up study of dia- - -

For the determinacion of fasting plasma
.'duwle.!:mnﬁtﬂiblmdmplam B
. cotlected-in the morning after overnighc fast-

. _ing for mere~chen~> 12 hr. We then cop- -
dusted 'an oral glucose tolerance test wan
: administering 75 g gl
. cose dissolved in 300 mL water. Post-load
- blood samples were taken 2 hr after the glu=
cose loading. Plasma glucese levels were

the
¥ incid

determined on-site with a2 glucose analyzer

:(LM4 analyzer; Analox Inscruments Ltd.,

London, UK) using a glucose oxidase
method. We define diabetes mellitus wes

- ‘defimed-as a fasting glucose level 2 7.8
. mmol/L and/or 2 2-lu' post—load» glucose.

- level 2 11.1 mmol/E acco!
&HQ)

- We meonded the n-ime
. for-eacky individial. m-!eead%mda: '
yeas-caleulesed-under:

 lated diabetes incidence

the assumpdon that diabetes mellicus is a

. lifelong disease. We ciculated che overall -
ma.dencetateofdlzbetumdﬁmsmthc;,
numb«ofmad:ntaasdiwdedbythcm

. of follow-up-person-dme in all subjeas. The..
-madenccmmspeuﬁcwbgmupsofage..;
ahdamdad:znnmb:ofnndydkgnmd
.cxses divided by the sum’ of person-time of
- individuals. in the subgroup. To darify the
on the incidence of .
_dxzbeeamd!mzdjmngbragc.xx.md_',

Eor sonmol accas. we used two nonen-
demic townships for which incidence of
non~insulin-dependent diabetes mellicus

(NIDDM o Type 2) was recendy reported
(10). wasused—esrcontrol-sress—{***Al):

set by the World Health, Orgamzanon

Correct?**®) We used this published
daca for ecologic comparison because the
two populadons (endemic and nonendemic
areas) shared many similarites. The study
areas gre weresall rural areas in Taiwan. Most.
of the residents in these areas are

farming, fishery, ands:ltgmducuon.Aﬂof
mwere-sibjccts

the are of the same racial

ongn(Pukh:nTume}znds!m:d—am— T

ilar sociocconomic status, living eaviron-

ments, lifestyles, dietary patrerns, and-even
madxalﬁdms.zndadmomllzvds.'!‘be

" tiethod and analyss with the sudy of Wang,

ctal (Iwﬁémmm

om:dunngmhrmadypmodsbyungﬂx
WHO iteria for diagnosis of diabetes mei-

. only_major dx&'cxcnca in.eavironmental .. .

hms.'l'bealaﬂaumzndapmnofmn— :

dences of diabetes mellitus were similarly
basedonanma.demzdenatymcthodby

the person-years of llow-up-of .

claularing

each of the study subject. Moreover, similar
mnﬁmdazmd:aq:.m:ndmw
masr-indew-were all considered in bodh stud-
ies. The values of these variables were also
available for making comparisons. fm-order
To our darz with those of Wang ex
al. (10), we calculated the age-spedific inci-
dences of diabetes mellitus for the arseniasis-
hyperendemic villages by caregorizing the
subjects into simifer-age groups similar to

calculared che mczd‘ence dennty rznos e

al. (10), and berween the incidenc and non-
wmamlmbyCdsprogomonzlhu—

' _mmumn.m-hms
been-published-in 1

N low-upmou:aohoxt.betwm'our cohore
- and the external congol cohort by Wang et

,madmtmxnourwhomﬂg;ﬂmuln-. :

nslcofh:ghcranemc re on the inci-
ﬁardnd'eaxofagc.sa.mdBNﬂ.mgL
sulaged the 95% Cls of the relacive risks
were-caloninted-from thecorrespond.mg
regression coeffidents and standard errors.

Results

During 2 follow-up period of 1499.5 per-
son-years, s~comb-of-4| of emoeg-446 sub-

;easdevdopeddd:mmdhnnm:hem

aiasis- villages. The alaulated

incidence rate was 27.4/1,000 person-years.
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~dence of diabeves mellitus after adjustment
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The follow-up rate was 70. 69%. Table 1
shows 2 qamparison of esmperes-the bascline
characteristics berween subjects who were
swesesshully-followed-up successfully and
those who were lost to follow-up in the arse-
niasis-hyperendemic villages. Noge of these
variables differed ngnﬁcandy between these
two groups. [n univariate analyses, ¥ found
no significant associadions with incidence of
dube:cs mellitus were—found-~for variables
such as sex, cigarente smoking, alcohal con-
sumption, physical activity ac work, and
family hiscory of diabetes. mellicus. However,
age and BMI were signifi-
candy assocdiated with diabetes incidence.
Table-2 presao the compacison of com-
pererthe bascline characteristics.in subjects
sweeessfutly—followed-up successfully
between the amhypcrcndennc group

candy different bctwem the two groups.
However, our amepic-exposed -cohorc wish
ancaie-expesure-was younger with an equal
number of men and women, and the conzzol
group was older and had wieh-more women.
Because sex was not found to be a significant
litus in boch our curreat study and the
reported-study by Wang et-al. (10) and the
BMI was similar between the two compari-
san. groups, only age: could: exert significant
confounding effect when we-sompare-the
incidence raves in these two groups i am:
paccd. We dhue-further stratified age inro

subgroups and compared the ‘age-specific

mndcnadm:ym inreach subgmups. .

Table 1. Conmparison of baseline cham:tmmcs
between subjects wio ware followsd-up: suc-
cossiully fellewed-up-end those who werse lost to
fo“ow~up in arsenigsis-hypersndemic villages.

Followed-yp lost

Variables {(n=446) (n=186)

Age (years) 474 _0.5 .. 415208

Sex (% male} - S0%. - 543%
245102 239:03-

Body mass index (kg/m?)
CAE

121+05° 132:08

A nat significant for
afy @#-the varisbles besed-on the hasiz af chi-square
tast or Student’s t-tast. (***AU: Changes ok?**®)

Table 2. Comparison of baseline characteristics in
subjects who wers svessssivily-followed-up syc-
cassfully between the arseniasis-hyperendemic
group and the nonendamic control group.

Arseniasis- Nonendemic
Varisbles  hyperendemic  control I s
Aga (years) 474205 523:05 <0005
Sex{% male) 50% 454% <0005
BMilkg/m?) 24520 242:02 NS

NS, nst significant, Vaiuas shown are mesn z SE axceoc
wehecn indicasad.

“Based on chi-square tast or Student’s r-test (***AU:
Changes ok?***)

Yaiuas shown are meen + SE sxceot whereindicated, -
—_ctenber-omenpeNSlifiamaces

The age-specific incidences of diabetes melli-
tus in the arseniasis-hyperendemic villages
and the two nonendemic coawrol mvm.shxps
are shown in Figure 1. The c inci-
dence density ratios (95% Cls) beeween the
hyperendemic villages and control townships
were 3.6 (3.5-3.6), 2.3 (1.1-4.9), 4.3

" (2.4-7.7), and 5.5 (2.2-13.5), respectively,

for the age groups of 3544, 4554, 55-64.
and 65-74 years. {r-is-evidenced-ehae-The
subjects living in arseniasis-hyperendemic
villages have hws-higher incidence rates of
diabetes mellitus than subjects living in
nonendemic areas.

" The baseline dara of the newly diagnosed
dizbetic and. nondiabetic subjects Living in’

arseniasis-hyperendemic villages are shown
in Table 3. The disaibudon of gx gender
was not differemesignificandy diffcrent

between these two groups. However, newly

diagnosed diabetic cases had a significandy

h;@:rmemage,BMLdeAEdunnon—

pommud-&rmmwm
continuous variables. We used 2 BM] Bedy
meso-inden—weas—cutoff of ee-25 kg/m?
because it is generally used to defing ae-the
definidonef-overweight (11). We did got
use the a~definition of obesity (BMI 2 30
kg/m?) was—moe-—usedi-because in the
Taiwanese population, only a smali propor-
tion of ehe~diabetic patienss mer this criveri-
on. We ysed the age was-amoff of «e-55 years
because there was an abrupt ingrease in she
incidence of dizberes-mellitus in the age

. cohort ebeve-> 55 years of age at the time of
. recruitment,

ff of #e~17 mg/L-

srIenic-CIposure-Was~CUto

yeass, the median value of CAE in the newly
_ “cases, in order to obtain optimal’
pumbers in each subgraup of exposure o
 assure precise estimates for the refarive risks.

Table 4 shows the comparison of eem-
peres-the incidence rates of diabetes mellitus

berween groups of CAE < 17 and 2 17,
mgfL-years by differencstraea of age, sex,

100
— .

35 = \nlagos l

e +Nonendemic townships

2SS m
©

52,

°% —_
Ry 554 ) X7

Age (ysars)

Figure 1. Comparison of age-specific.incidence
rates {per 1,000 person-years) of diabetss mellitus
in arseniasis-hyperendemic villages {#-and in
two nonandemic townships f—G—in Taiwan.
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However, this is the first

and BMLI. Subjegs Fhesewith 2 CAE 2 17
mg/L-years coasistendy had a higher indi-

" dence rate-s-of diabetes mellitus than those

with 2 CAE < 17 mg/L-years.

Table 5 shows 3 comparison of comperes
the incidence rates and relative risks berween
different subgroups of age, sex, BMI, and
CAE. Age, BMLI, and CAE were significandy
associated with the development of diaberes.
The multivadiate-adjusted reladve risks (95%
Cls) based on the Cox’s proportional haz-
ards model were 1.6 (0.8-3.3), 1.1
(05-2.1), 2.3.(124.3), and 2.1 (1.1-4.2),

ively, for groups of old age, male sex,

 gemderoverweight, and high CAE com-

pared with groups of young age, female scx,
genderrnonmal weight, and low CAE. When

" used as 2 contnuous variable, the CAE was

-associated with incidence of diabetes mellicus
with a relarive risk of 1.03 for every 1 mg/L-
year of exposure after adjustment for age,
sex, and BMI body-mase-index-(» < 0.05).

- Discussion

The resules of this study farther-support the
association between a long-term arsepic
exposure znd diabetes mellitus, as found in
our previous prevalence study (2 and ig the
suudies observed by ocher investigators (3-5).
ever-prospective
smdydm assessed the incidence

of diabetes mellitus in the arseniasis-hyper-
endemic villages by comparing with-che dara
10 data obeained from twa_nonendemic con-
u'ol areas (external control) (Figmt 1) and
by comparing a higher arsenic exposure

‘ . group 50 with~a lower exposure group after-
shown

the-incidence-of-disbetes-mellions-as
- in Figure 1. We used he CAE eumulacive

adjustment for age, sex, a0d BMI body-mmss-
index in the arseniasis-hyperendemic villages
(mtanalconnol) (Tableg 4 and 5). The ind-
dgncsrocimpdym d::geyoupsabvve :
> 55 years among villagers in arseniasis-
hyperendemic area (Figure 1). These birth
cohorts also have an abrupt increase in-the

prevalence of peripheral vascular disease -

assessed with Doppler ultrasonog:phy (12.
They had s-higher long-trm arsenic expo-
surcs than those aged-below—< 55 years of
g Ihgz wee '-Fhercxposued historp-to
well water for wee-more-then—> 30 years,
which was deemed 1o bg #+~an induction
period for blackfoot discase (BFD) before
tire-coversge-of-tap water supply-became
highrcommonly accessible, (***AU:
Correct?***) BED Blecfoor-disense-is
aa endemic peripheral vasaular disease con-
fined to the southwestern coast of Taiwan. It
is characrerized by progressive narrowing of
peripheral arterics, especially those involving
the lower extremities. Clinically, the patients
suffer from coldness, pumbness, and inter-
mittent claudication ig ef~che lower legs.
which may progress co ulceration,

and spontancous amputation (/2,13).

3
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Pathologically, BED ie-is compatible wich
thromboangiids obliterans and arteriosclero-
sis obliterans (12,13). The cause of dhe dis-
easc has been ascribed tou:hcd.nnkmgof
arresian well warer conamining l-ugh arsenic
concenaatons (12, 13).-

Age and BMI are known risk facrors for
the development of diabetes melfitus (10, 14).
We alsq observed this association was-sise

observed-in the present study. However, the
diabetes incidence: for the. higher arsenic

exposure group (CAE cumulwtive-srsenic

exposure> 17 mgfl-years) renained 2 dmes
higher after multivariate adjusement (Table

5). k-d!odd-bepemad-oue-dnelndncomn -.

Table 3. Comparison of bauuno chlractmsucs bctwn« nowlv dngnosod modnt disbetic and nondia-

er arsenic exposure
group (2 17 mg/L-years) and the lower expo-
sure group (< 17 mg/L-years) in our cohorr,
the relative risk for the high exposure group
would surely-have begn underestimated
because a large proportion of the referent
group had also been exposed to arsenic.
(***AU: Comrect?***) They were not
in 2 group with tmlylmezpocurelevds
This can parthy-be supporwed ig past by the
observanon that the age-speaﬁc incidence

patison berween the high

- demic group and the sn-cxternal con:ml

group withoue arsenic exposure had a sk -
>2tuneshxghcrmk“-

betic subjects living in mmm-hyponndcmu: villages in Taiwan. .

" Nowdy disgnosed - - Noncases :

Varisbles casos {e=41) "(n=405) P
Sex {% male) - 585 481 . ‘NS
Age (% 2 55 years) %8 185 <an
BME (% 2 25 kg/md) - 585 - %3 <00t
CAE {% 2 17 mg/L-years) 512 . 74 <0.005
Age {years) . - R7:16° 4683105 <0.001
BMI (ky/md)} 258207 243102 <005

15617 11805 <005

NS.natsigoificant. . .
“Based.on chi-squere tast or Student’s ttest Mown 1 SE

Table 4. Incidence e-of dubms melﬁms {per 1,000 pm-vns) in low and high CAE groups in arssnia-

sis-hyperendemic villages in Taiwan.

L CAE{mﬂﬂiils!
: <I7 217
. . _. . Newlydisgnosed incidence . Nswiy diagnosad Incidence

Varisble Total no. - c:so;(a)n. rate . Totalno.  casas(g)wee rate
255 DTV & 13 843
<% . 36 g 188 7 8 n3
mm 145 - RIS 21 78 13 4492 -
Mlgm R .
2% 1227 %5 < 48 13 78.1
<25 192 . § 138 83 -8 282
(nommokr") :

Table & Incidence rates (per um pmon-yom) and relative risks for mbctss mellitus in dillerentsub- -

groups of subjects Iivmq in mm-hypmmlm villages in Taiwan.

S . Newly dugmsnd Incidence : - S
Variable Total na. oM cuuw Por rate AR {95% Cl) ARR (95% C1) -
Age {years) . .
25 90 15 508 24{1.3-45)" 1.6{0.8-33)
<S5 3% % 216 10 18 -
Male 3 . v 24 318 1.3(0.7-25) 1.1{06-2.1}
Female Y7« B 17 1 10 10
BMi-{kg/m?) -
225 . m 24 4.1 Z3(1.243)° 23(1.243)*
<25 1] 17 183 10 10
CAE (mg/L-years)
217 12 21 416 25{1.44.7) 21(1.142°
<17 314 20 189 1.0 . 10

Abbravistions: DM, disbetes mellicus; RR, reiative risk {bssed on Cax models with each variable singlyl ARR. adjusted

relstive risk (based on Cax madel with off varisbles simuitaneously).

°p<00S

{***AU: Is 1.3 (0.7-2.5) correct for Male RR?***)

4

" dons of insulin

(Figure 1). (***AU: Correct?®***®)

ing to the continuous dara analysis, a

CAE difference of 50 mg/L-years will result
in a refarive risk of 4.4.

We dinberes-mellieus-observed wes

op—insulin-dependent-dizberermellieny
NIDDM er-Eype-2)-because afl of the study
subjects were above—> 30 years of age. None
of them developed diabetic ketoacidosis or
of follow-up. - Moreover, all of the subjects
were diagnosed by an oral glucose wlerance -
tese without significant dinical sympooms,
Theze ars only 3 few reports on the ind-
dence of NIDDM. esioe— ing to the
Minnesoen-study of Bender cral. (U9 in

- Misnesota, the incidence rate of NIDDM in

the-Caucasians is 1.2/1,000 person-years.
&5-In Nauruans, the incidence rate is
16.0/1,000 person-years in subjects aged
> 20 years of ags end-oider<(16), and in the
Pima Indians, the incidencc rasc is

- 18.5/1,000 person-years for all ages com-

bined and 46/1,000. in subjeas
aged—> 25 of age end~over-(17). After stn- -
dardization to the white population in the
Unired States in 1970, the incidence raves of
NIDDM are 1.34/},000 and 26.5/1,000
person-years for the-Caucasians and Pima
Indians, respectively (17). Wang ex al. (10)
secendy-followed 2 cobort for up 10 5 years
this cobors, from wo wwnships in Taivwan.

w33 eged-35-74 years of age and free from
S—years—{***AU: Correct?**®) The
cude incidence rates of NIDDM in men

and women- were 9.8/1.000 and 9.0/1,000 - -

person-years, respectively. After age-stan-

’daxdiuuonmtheUnmdSmpopuhnon

in 1970, the incdence race was calculated o
be 9.3/1,000 person-years. In our presear

* study carried our in a cohort with arsenic

exposure, the incidence of diabetes mdllitus
standardized to the Uniced States population
in 1970 was spproximatkly ebewe-2 times.
higher than that in the nonendemic areas.

The administration of arsenic has been
demonstrated to cause hyperglycemia in
experimental animals and to affecr the func-

portation (18~24). Arsenic kas been found .
to cause mitochondrial damage, degenera-

uon.:nf:rnmofﬁcdkmdnuleuof ,
mice in itoneal injecrion of arsen

ite plus hydmxyhmg.m md,xe?ommaqucnce
of cransient hyperglycemia (18). Sulfhydeyl
groups play important structural and func-
tional roles in both insulin receprors (25)
and glucose aransporrers (26). Phenylarsine
oxide, a trivalent arsenical, forms scable
cyclic chicarsenite complexes with vicinal or
paired thio groups of cellular proteins. This
compound has been shown to inhibic glu-
cose ransport in adipocyres stimulated by
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Abstract
Background: This study was established to enable the comparison of lower extremity

amputation incidence rates between different centres around the world.

Methods: Ten centres, all with populations greater than 200,000, in Japan, Taiwan, Spain,
Italy, United States and England collected data on all amputations occurring between July
1995 and June 1997. Cases were identified from at least two data sources (to allow checks on
ascertainment); denominator populations were based on census figures.

Results: The highest rates were in the Navajo population (e.g. 43.9/100,000/ yr for first major
amputations in men) and the lowest in Tochigi, J apa:rv’l' (eg 3.8/100,000/yr). The incidence of
amputation rose steeply with age, with most amputations occurring over the age of 60, in
most centres the incidence was higher in men than women, and the incidence of major was
greater than that of minor amputations. Diabetes was associated with between 25% and 90%
of amputations. »

Conclusion: Apart from the Navajo centre, differences in the known prevalence of diabetes
can not account for the differences in overall incidence. Differences in the prevalence of
peripheral vascular disease are likely to be important but this and the role of other factors,
including health care, are worthy of further investigation.




INTRODUCTION

The study described in this paper was established to overcome some of the difficulties
enoduntered in comparing amputation rates from previously published studies. For example,
inconsistencies between published studies related to the inclusion or not of people with
diabetes in the overall rates, the inclusion of first ever or all amputations in the rates, and
differences in the level of amputation presented. In addition age specific rates tended not to be
presented making comparison between populations with different age structures difficult.
Finally, different studies often used different data sources and numbers of sources to identify

amputations. This means it is possible that differences exist in the level of ascertainment of

amputations between studies].

Thus the main aim of establishing this study was to enable the comparison of the incidence of
lower extremity amputations between populations by using a standard approach to data
collection and analysis.




METHODS
Recruitment and characteristics of the study centres

Most centres were recruited to the study following publication of the study protocoll. Other
centres became involved once the study was established - mainly through professional contact
with investigators at participating centres. A detailed “Methods of Operation” manual was

written and distributed to each centre.

Sufficient data were received from 10 centi'es, in 5 countries, to be presented in this paper.
Data were collected on all amputations occurring between July 1st 1995 and June31st 1997.
The names, population sizes and sources of data for LEAs for each of the centres are shown in
table 1. In order to participate each centre had to have access to up to date demographic data
for their population in order to allow the calculation of age and sex specific rates. Tochigi in

Japan was only able to collect data on first ever major and minor amputations.
Definition of LEA and collection of data on amputations

The definition of a lower extremity amputation used in this study is the complete loss of any
part of the lower limb, for any reason, in the followihg anatomical planes: in the transverse
anatomical plane proximal to and including the subtalar joint, and in the frontal anatomical
plane distal to the subtalar joint. For the purposes of this paper we define a "major
amputation" as through or proximal to the tarsometatarsal joint and a "minor amputation" as
one distal to this joint.

Centres were asked to use more than one source to identify cases - ideally at least three, but
. where this was not possible two were accepted. Sources from which cases were identified
were dependent on local circumstances and so differed between centres. They are shown in
Table 1. As far as possible, medical records were traced for each case and a standard data
abstraction form completed. With the exception of some aspects of personal details the data
abstraction form was identical for each of the centres. The -data collected included the date

and level of the most recent amputation, and conditions associated with it (including diabetes,




infection, peripheral vascular disease and trauma); and the presence and level of any previous

amputations.

Centres undertook a pilot study to test the feasibility of abstracting data from the different
sources, and sent the completed forms to Newcastle (the co-ordinating centre) in order to
check that the data collection forms from each centre were completed to a comparable and
adequate standard.

Data analysis -

Most centres entered their data locally and all data were entered using a standard data base
format designed only to allow valid values for each variable. Age and sex denominator
population sizes were taken from the most recent census figures for each population. Age
specific, crude and age adjusted rates are presented for men and women separately. As all the
centres (with the exception of Navajo Area) have relatively old population age structures the

standard European population? was used as the population for direct age standardisation.

The aim of this study was to measure the incidence of amputations in whole geographically
defined populations and not samples of larger populations hence we do not present confidence
intervals or use p values. What is relevant is the level of ascertainment of amputations.
Estimates of the level of ascertainment were derived using capture-recapture methods3-%.
These derive their name from their development and use in estimating the-size of wildlife
populations. They have been increasingly used in epidemiology. With more than one source
of cases it is possible to estimate the total number from the numbers of cases identified on one
source only and those identiﬁed on more than one source>. With only two sources the
capture-recapture method is based on the assumption that the sources afe independent. This
assumption is rarely met with health care data, but if the direction of dependency is known it
is still possii)le to derive useful information®, and this approach has been used here in the

situation where only two sources were available. With three or more sources log-linear
modelling> and a confidence interval for the total number of cases computed using a

goodness of fit based method”. The numbers of cases were too small to provide robust age

specific estimates of ascertainment but it was felt important to examine ascertainment for first




and all amputations separately as experience suggested ascertainment amongst these
categories may differ. The ascertainment of minor and major amputations was also examined
separately. This was because experience also suggested that ascertainment between these two

is likely to differ but in addition because some sources, in particular, limb fitting centres, "
provide data on major but not on minor amputations. In order to have reasonable numbers of

cases for these different categories in the analyses men and women were combined.

Population diabetes prevalence figures were not available for all centres, therefore the
numbers of people with known diabetes are presented simply as a proportion of all cases of
lower extremity amputations in each centre. The proportions of cases noted to be associated
with peripheral vascular disease, infection and trauma are also presented.




RESULTS

Overall incidence of amputations

There were marked differences in the overall incidence of both first and all amputations
between the study centres (tables 2a&b and 3a&b) with over a 10 fold difference between the
highest and lowest areas. The data for first ever major and minor amputations are illustrated in .
figures 1 and 2. The highest rates for men and women, first and all, major and minor
amputations, were in the Navajo area. The lowest rates for first amputations were in the
Japanese population of Tochigi. Between the Western European centres there were also
marked differences. Rates in Madrid (Spain), Vicenza (Italy) and Leicester (UK) all being
substantially lower than those were in the North of England i.e. Leeds, Middlesborough,
Newcastle.

Estimated levels of ascertainment

Table 4 shows capture-recapture estimated levels of case ascertainment. Even with the figures
for men and women combined (as done here) the confidence intervals on the estimated

number of amputations tend to be broad. For minor amputations in Leicester and Ilan the
numbers were either too small or the overlaps between the data sources inadequate to enable
meaningful capture-recapture estimates to be made. For first amputations estimates of
ascertainment were low (less than 70%) in two centres, Tochigi and Vicenza. In three (Leeds,
Middlesborough and Montgomery County) they were above 95% for first major and minor
amputations. All the rest fell sgmewhere above 75% and less than 95%. The interpretation

and utility of these estimates is addressed in the discussion. h

Age and sex distribution of amputations

Although the overall rates varied greaﬂy'between centres the age and sex distribution of
amputations were very similar. Thus in all centres the incidence of both major and minor
amputations in both men and women rose steeply with age, with the largest increases tending
to come between the age groups of 40-59 and 60-79 (tables 2a&b and 3a&b). Around two




thirds or more of amputations occurred in the ages above 60 with the exception of minor
amputations in men and women in the Navajo area and first major amputations in men in
Japan. Overall amputation rates were substantially higher in men than in women, from 17%
higher crude rates for first major amputations in men compared to women in Leicester, to
over 400% higher for all major and minor amputations in Madrid. The exceptions to this were
first and all major amputations in Vicenza, where crude and age adjusted rates were higher in
women than men (entirely accounted for by high rates in women aged 80 and over), and for
first minor amputations in Leeds where the rates in men and women were similar.

Relationship of major to minor and all to first amputations

In most centres the incidence of both first and all major amputations was greatef than the
incidence of first and all minor amputations respectively (tables 2a&b and 3a&b). The most
extreme exception to this is the Navajo area where the incidence of major amputations was
between 50% (all, men) and 79% (first, women) of the incidence of minor. As would be
expected the incidence of all amputations was greater than the incidence of first amputations
in almost all centres. The only exception was for minor amputations in Ilan where the rates
were similar. In the other centres rates of all amputations were higher than rates of first
amputations from an order of around 10% (major amputations in men in Ilan) up to 25 1%
(major amputations in women in Monfgomery county). Most were in ‘the order of 20 to 40%
higher.

Conditions associated with amputations

Table 5 shows the percentage of first major and minor amputations associated with trauma,
diabetes, infection and peripheral vascular disease (PVD) for men and women in each of the
centres. Note that more than one condition may be present per case and so the percentages in

the rows can add up to more than 100%.

The percentage of amputations associated with diabetes varied from between 25 and 30%
(minor amputations in women in Leeds and major and minor in women in Newcastle) up to
80% and above, such as in men and women in the Navajo area. These are illustrated in figures

3 and 4. Note that these figures provide no information on the incidence of amputations in




people with diabetes. In general there is a strong positive relationship between the percentage
of amputations associated with diabetes and the percentage associated with infection. Obvious
exceptions to this are major amputations in men in Montgomery county and major and minor

amputations in men and major amputations in women in Tochigi, Japan.

In the 9 of the 10 centres the percentage of major amputations associated with trauma in men
was 10% or less. The exception to this was Ilan in Taiwan where 50% of major amputations

were associated with trauma. The highest percentages of major amputations associated with
trauma in women were in Newcastle and Ilan where 15 to 16% were associated with trauma.
The percentage of major amputations associated with peripheral vascular disease in men
ranged from 51.3% in the Navajo Area to 93.3% in Madrid. The percentages were similar in
women with the exception of Tochigi where only 29.6% were associated with peripheral

vascular disease.
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DISCUSSION

In this paper we have presented data on lower extremity amputation from 10 centres in 5.
countries. There are some striking contrasts between the centres. There are, for example,
marked differences between centres in the incidence of amputations, in the proportion
associated with diabetes and in the ratio of first to all amputations. Equally noteworthy are the
similarities between the centres in the distribution of amputations by age and sex despite
differences in overall rates. The methodology used in this study was designed, within the
limits of using routinely available data sources, to provide valid comparisons between the
centres. Amputation case definitions and presentation of rates are identical for each centre.
Where greater scepticism must exist is whether the level of ascertainment of amputations
between centres is comparable and of the comparability of some specific data items from

medical records.

In order to both maximise ascertainment and to allow checks on ascertainment level each
centre used more than one data source. Estimates of ascertainment using capture recapture
methods suggested that there are indeed some differences in levels of ascertainment. Here
capture-recapture estimates of ascertainment are used as an aid to interpretation in comparing
the results rather than providing robust estimates of the "true" rates. The confidence intervals
of many of the estimates in table 4 illustrate the uncertainty around the point estimates and
indeed the known difficulty in modelling this type of data>. In addition, where only two data
sources were available these tended to be positively dependent, meaning that the capture
recapture estimate will over estimate the level of ascertainment®. Nonetheless the use of this
technique provides useful information that can not otherwise be obtained. Thus, the capture
recapture estimates suggest that in two of the centres with the lowest rates, Tochigi and
Vicenza, there may be substantial underascertainment, in the order of around 50%. However,
even doubling the rates of these centres they remain substantially below those in the north of
England and North America, particularly those of Japan. We conclude that there remain
substantial differences in amputation rates between the centres even when allowing for
potential differences in ascertainment, with the lowest rates in Japan and Taiwan and the
highest rates the Navajo area. Within Western Europe and to a lesser extent England there are

also marked differences in rates between some of the centres.
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The high levels of lower extremity amputations in Native American populations are well
known8 and are associated with a high pr&alenw of diabetes>10. The low incidence of
amputations in the centres in Japan, Taiwan, Spain and Italy contrast with the higher rates in
the North of England and Montgomery, USA. Recent data and estimates suggest that the
prevalence of diabetes in Spain, Italy, Japan and Taiwan is at least twice as high as in England
and similar to that in the USA!1. Clearly therefore a higher prevalence of diabetes is unlikely
to be part of the explanation for these differences in amputation incidence. Differences in the
prevalence peripheral‘:raééular disease may be, although data are scarce. For example, in the
Edinburgh Artery Study the prevalence of peripheral vascular disease was 30% in men and
women aged 55 to 74 years!2. In a study of Italian male and female elderlyl3 the prevalence
was 10%, and in a Japanese study of village residents aged 60-79 years a prevalence of 0.6%
was reported 4. The WHOinternational study of vascular disease in people with diabetes
(ages 35-54 years) found a huge variation in the prevalence of leg vascular disease, with the
lowest prevalence in Tokyo and Hong Kong!. The relatively low incidence of amputations
in Leicester compared to the other English centres fits with previous findings from
Leicester16, in both its general and Indo-Asian populations. Within England data, on the

epidemiology of peripheral vascular disease are also scarce but there is evidence for a south to

north gradient17 and for differences by ethnic groupl8.

In this paper we also present data on the conditions associated with, or potential causes, of
amputation. These data are abstracted from medical records and in presenting these we

acknowledge that such data can be prone to omissions and inaccuracies!9. The highest
proportions of amputations associated with trauma were in Ilan, Taiwan, where up to 57% of
amputations were repoﬁedly associated with trauma. Excluding cases associated with trauma,
as is often done in the presentation of amputation rates, makes little difference to the ranking
of the centres by incidence. The proportion of amputations associated with diabetes varied
from around 20% (major amputations in women in Vicenza) to 90% and over. The highest
proportions for men and women were in the Navajo area. For major amputétions in men the
lowest proportion associated with peripheral vascular disease was 55% in Tochigi, Japan, and
in women was 30% in Tochigi. The proportions associated with peripheral vascular disease

tended to be lower for minor amputations with the converse being true for the proportions

1"




associated with infection.

In summary, we have demonstrated marked differences in the incidence of amputations
between 10 centres in S different countries, but with similar distributions by age and sex.
Rates were highest in the North American and northern European centres and lowest in
Taiwan and Japan. In one population (Navajo) a very high prevalence of diabetes is likely to
be the explanation of the high rates. Differences between the other populations do not seem to
be related to what are known of differences in diabetes prevalence, and it seems likely that

. differences in the prevalence of peripheral vascular disease are important. Other factors, such

as cultural and medical care diﬁ’erenceszo including access to vascular surgery services may

also be important but require further investigation.
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Table 1 - The participating centres, population size, and sources from which cases were identified

Centre Population .Sources from which cases were idenuﬁed

Leeds, UK 732055 Operating Theatre Records
Hospital Discharge Data
Limb Fitting Centre Records
Leicester, UK 923504 Operating Theatre Records
Surgical Records
Hospital Discharge Data
Diabetic Foot Clinic
Other
Madrid, Area 7, Spain 569307 Hospital records (Servicio de Cirugia Vascular)
Theatre Records "
Middlesborough, UK 288887 Operating Theatre Records
Hospital Discharge Data
Limb Fitting Centre Records
Diabetic Foot Register
Montgomery County, USA' 705179 Operating Theatre Records
Hospital Discharge Data
Navajo Area, Indian Health Service, USA 209147 THS Hospital Discharge Data
Operating Theatre Records
: LEA Registries
Newcastle upon Tyne, UK , 283000 Operating Theatre Records
Limb Fitting Centre Records
Ilan, Taiwan 465120 Hospital Discharge Data
Limb Fitting Centre Records
Bureau of Social Welfare
Tochigi, Japan 1982565 Orthopaedic and Surgical Records
Handicap Register
- Physical Therapist records
Vicenza, Italy 279980 Hospital Discharge Data
Operating Theatre Records
Limb Fitting Centre Records
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