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Helicobacter pylori infection and early onset myocardial
infarction: case-control and sibling pairs study
John Danesh, Linda Youngman, Sarah Clark, Sarah Parish, Richard Peto, Rory Collins for the
International Studies of Infarct Survival (ISIS) Collaborative Group

Abstract
Objectives To examine the association between
coronary heart disease and chronic Helicobacter pylori
infection.
Design Case-control study of myocardial infarction at
young ages and study of sibling pairs with one
member affected and the other not.
Setting United Kingdom.
Participants 1122 survivors of suspected acute
myocardial infarction at ages 30-49 (mean age 44
years) and 1122 age and sex matched controls with
no history of coronary heart disease; 510 age and sex
matched pairs of siblings (mean age 59 years) in
which one sibling had survived myocardial infarction
and one had no history of coronary heart disease.
Main outcome measures Serological evidence of
chronic infection with H pylori.
Results 472 (42%) of the 1122 cases with early onset
myocardial infarction were seropositive for H pylori
antibodies compared with 272 (24%) of the 1122 age
and sex matched controls, giving an odds ratio of 2.28
(99% confidence interval 1.80 to 2.90). This odds ratio
fell to 1.87 (1.42 to 2.47; P < 0.0001) after smoking
and indicators of socioeconomic status were adjusted
for and to 1.75 (1.29 to 2.36) after additional
adjustment for blood lipid concentrations and obesity.
Only 158 of the 510 pairs of siblings were discordant
for H pylori status; among these, 91 cases and 67
controls were seropositive (odds ratio 1.33 (0.86 to
2.05)). No strong correlations were observed between
H pylori seropositivity and measurements of other risk
factors for coronary heart disease (plasma lipids,
fibrinogen, C reactive protein, albumin, etc).
Conclusion In the context of results from other
relevant studies, these two studies suggest a moderate
association between coronary heart disease and
H pylori seropositivity that cannot be fully accounted
for by other risk factors. But even if this association is
causal and largely reversible by eradication of chronic
infection, very large randomised trials would be
needed to show this.

Introduction
By 1998, more than 25 epidemiological studies had
reported on the association between Helicobacter pylori
seropositivity and vascular disease, including nine

studies that reported on a total of about 2000 cases of
non-fatal myocardial infarction or death from coron-
ary heart disease.1 2 In aggregate, these published
reports indicated a weakly positive association, leading
to suggestions that H pylori infection might be an
avoidable cause of coronary heart disease. But there is
substantial heterogeneity among the findings of these
nine studies of coronary heart disease (÷2

8 = 53;
P < 0.0001), with reports of strong associations with
coronary heart disease in smaller studies generally not
confirmed by larger and better designed studies (odds
ratio 2.28 in studies of < 200 cases v 1.07 in studies of
>200 cases; ÷2

1 = 5.5; P < 0.05). Four of the nine studies
were prospective, with a weighted mean age at
coronary heart disease event of 66 years. These
prospective studies should be more reliable than the
retrospective studies since, in addition to their general
advantages (such as minimisation of bias in case-
control studies), they included larger numbers of cases
(total of 1441) and better adjustment for standard risk
factors and markers of socioeconomic status. There
was no evidence of heterogeneity among them
(÷2

3 = 2.4; P > 0.1), and a combined analysis yielded a
risk ratio of 1.15 (99% confidence interval 0.91 to
1.45).2

Although this meta-analysis of prospective studies
argues against a strong association between H pylori
infection and coronary heart disease, it cannot reliably
confirm or exclude a moderate association. Studies of
patients with early onset coronary heart disease may
help to determine whether such an association exists
since vascular risk factors (such as smoking, blood
cholesterol, and blood pressure3 4) are often more
strongly related to disease at younger ages. We report
two complementary studies, one comparing young
patients with acute myocardial infarction with young
controls (which should maximise the strength of any
association) and one comparing people with myocar-
dial infarction at any age with an unaffected sibling
(which should minimise any artefactual association
due to confounding factors).

Participants and methods
Cases and controls
Patients with suspected acute myocardial infarction
were randomised within 24 hours of the onset of
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symptoms in the third international study of infarct
survival (ISIS-3)5 trial of fibrinolytic and antithrom-
botic treatments; in the United Kingdom, an epidemio-
logical questionnaire was sent to them a few months
later.3 Respondents were asked to provide contact
details for their siblings and children aged over 30
living in the United Kingdom so that similar question-
naires could be sent to them, with an additional copy
for their spouses; 21 703 (47%) of 46 441 such relatives
and 13 577 of their spouses completed the question-
naire, with 30 126 respondents denying any history of
coronary heart disease. Patients with a history of
stroke, gastrointestinal bleeding, or peptic ulceration
tended not to be recruited into the ISIS-3 trial because
of the treatments being evaluated, so people who
reported such conditions were not eligible for the
present studies: this excluded 1900 (6%) relatives or
spouses without a history of coronary heart disease. A
further 13 were excluded because they provided insuf-
ficient information, leaving 28 213 potential controls.

For this case-control study, the questionnaire was
posted to 2670 patients aged 30-49 at presentation
with suspected myocardial infarction, of whom 56 were
found to have died and 1920 (73% of presumed survi-
vors) completed it; 183 (9%) were excluded because of
a history of stroke, gastrointestinal bleeding, or ulcer,
and a further 11 had insufficient information, leaving
1726 eligible cases. For the study among sibling pairs,
patients aged 30-79 at presentation with suspected
acute myocardial infarction who completed the
questionnaire were eligible if they had a sibling of the
same sex and similar age (within 5 years) who reported
no history of coronary heart disease. Where a case had
more than one such sibling, then the sibling closest in
age with a blood sample available was chosen as the
control.

Questionnaires
Controls were asked about their current body size,
education, medical history, and consumption of
cigarettes and alcohol, whereas cases were asked about
their habits and history just before their index myocar-
dial infarction (because having a heart attack may alter
behaviour).3 Reported indicators of socioeconomic
status included smoking, age ended full time
education, number of live siblings, and height (with the
last two regarded as markers of childhood crowding
and nutritional deprivation6 respectively). Household
income was estimated from the current postcode by
using computer software that has been found to
produce reasonably high correlations (R = 0.40;
P < 0.0001) with self reported income.7 The birth rank
of participants was estimated from the ages of their liv-
ing siblings, since it has been suggested that having
older siblings predisposes to earlier acquisition of H
pylori.8

Blood samples
Blood was collected into 10 ml vacutainers containing
0.12 ml preservative (15% potassium EDTA with 0.34
mmol/l aprotinin). Samples were obtained from cases
immediately after randomisation (within 24 hours of
symptoms) but before the ISIS-3 trial treatments
began. After returning the study questionnaire, poten-
tial controls were sent identical vacutainers for blood
collection by their general practitioner. Whole blood

samples were received by post in the central laboratory
after a mean of two days and centrifuged, with plasma
and buffy coat aliquots stored at − 40oC.

Blood was obtained from 1593 (92%) of the 1726
eligible early onset cases but from only 12 053 (43%) of
the 28 213 potential controls of any age, including only
6734 (41%) of the 16 604 potential controls aged
30-49. A further 470 cases and 404 controls were
excluded because they had fewer than five stored
plasma aliquots or their blood sample had been in the
post for more than four days. This left 1123 (184
female and 939 male) eligible cases, and we selected at
random 1123 controls matched for sex and age in five
year bands from among the 6330 eligible controls
aged 30-49, but tests for H pylori serology failed in one
case and one control. A total of 510 eligible sibling
pairs had blood samples available. As 72 of these cases
and 46 of these controls were also included in the case-
control study of early onset myocardial infarction, sub-
sidiary analyses were conducted after they had been
excluded.

Laboratory methods
We measured H pylori specific IgG titres in previously
unthawed plasma samples, blind to case-control status,
by enzyme linked immunosorbent assay (ELISA;
Orion, Espoo, Finland) using the manufacturer’s
pre-specified cut off for seropositivity (titre >300). The
intra-assay and interassay coefficients of variation for
manufacturer’s standards were 2% and 3% respectively.
The reproducibility of H pylori serology within
individuals was determined (in order to assess
regression dilution9) in blood samples taken three
years apart from 1065 controls (of whom 115 were in
the study of early onset myocardial infarction). We used
Beckman CX-4 and CX-5 autoanalysers to measure
cholesterol and albumin concentrations (both with
Beckman reagents) and apolipoprotein A1 and B con-
centrations (Immuno reagents). Fibrinogen was
measured with a Nephelometer Analyzer II (Behring
reagents). The intra-assay and interassay coefficients of
variation were 2% and 3% for both cholesterol and
albumin and 2% and 6% for both apolipoproteins and
fibrinogen.

Statistical methods
We analysed the case-control study of early onset myo-
cardial infarction using unmatched stratified logistic
regression fitted by unconditional maximum likeli-
hood and the sibling pair study using matched analyses
and conditional maximum likelihood. Explanatory
variables in the main adjusted analyses included age,
sex, current cigarette smoking habit, age ended full
time education, estimated household income, reported
height, and geographical region of residence. (Subsidi-
ary analyses included adjustment for blood lipid
concentrations and obesity, but these factors were not
strongly associated with H pylori serology in this study
or in a synthesis of previous studies.11) Controls who
were brothers or sisters of cases had, on average, more
siblings than the cases, and so the analyses were stand-
ardised for the number of living siblings.10 Non-fasting
blood total cholesterol, apolipoprotein A1 and B, albu-
min, fibrinogen, and C reactive protein concentrations
were also investigated as possible correlates of H pylori
seropositivity. Odds ratios are given with 99%
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confidence intervals to allow for their exploratory
nature, and two sided probability values are used.

Results
Case-control study of suspected myocardial
infarction at ages 30-49
Table 1 shows the characteristics of cases and their age
and sex matched controls. As expected, known vascular
risk factors (such as smoking and blood lipids) differed
significantly between cases and controls. In all, 472
(42%) of the cases were seropositive for H pylori
antibodies compared with 272 (24%) of the controls
(table 2). This difference yielded an odds ratio of 2.28
(99% confidence interval 1.80 to 2.90), which fell to
1.87 (1.42 to 2.47) after smoking and indicators of
socioeconomic status were adjusted for and to 1.75
(1.29 to 2.36) after additional adjustment for blood
lipids and obesity. Varying the cut off titre for seroposi-
tivity did not materially alter the estimate, and the
association did not seem to differ with age (table 2) or
birth order (data not shown).

Sibling pair study of suspected myocardial
infarction at ages 30-79
Matching cases of suspected myocardial infarction
(mean age 59) with siblings of the same sex and similar
age resulted in less extreme differences between cases
and controls in various markers of socioeconomic
status (table 3). The differences in some vascular risk
factors (for example, current smoking, blood choles-
terol concentration) also seemed smaller, perhaps
because of the older average age of the sibling pairs as
well as the matching. But discordance in H pylori sero-
positivity among the 510 sibling pairs was uncommon;
only 91 seropositive cases had seronegative control
siblings and 67 seronegative cases had seropositive
controls (table 4). The ratio of these numbers of
discordant pairs gave an odds ratio of 1.33 (99% confi-
dence interval 0.86 to 2.05), which was not much
altered by adjustment for smoking and indicators of
socioeconomic status (1.37; 0.87 to 2.15) or by
additional adjustment for blood lipids and obesity
(1.29; 0.78 to 2.13). When attention was restricted to
the 420 pairs in which neither was included as a case or
a control in the study of early onset myocardial infarc-
tion, 75 seropositive cases had seronegative control
siblings and 54 seronegative cases had seropositive
controls, again giving an odds ratio of 1.30 (0.81 to
2.11) that was largely unchanged by adjustments for
smoking and indicators of socioeconomic status (1.34;
0.81 to 2.20).

Persistence of H pylori seropositivity and
correlations with other characteristics
Of 430 participants who were H pylori seropositive at
first testing, 411 (96%) remained so three years later,
and 628 (99%) of 635 participants remained seroneg-
ative. There were no clearly significant differences
between the mean concentrations of blood total
cholesterol, apolipoproteins, fibrinogen, C reactive
protein, or albumin or of alcohol consumption among
H pylori seropositive and seronegative individuals in
the two studies (table 5). This is consistent with the
results of a meta-analysis of 18 studies with
information on 10 000 people.11 Consequently, adjust-
ment for these factors would not be expected to alter
materially any association between H pylori and
myocardial infarction, and it did not do so.

Discussion
Previous studies have not provided convincing
epidemiological evidence for or against a causal
association between H pylori infection and coronary
heart disease, largely because they were limited by
small sample sizes and incomplete adjustment for
potential confounders.1 2 Our studies are compara-
tively large, adding more than 1600 cases of
myocardial infarction to the aggregate of 2000 cases of
non-fatal myocardial infarction or death from coron-
ary heart disease available previously. Moreover, they
involve many cases at young ages (when associations

Table 1 Characteristics of survivors of acute myocardial infarction aged 30-49 and of
age and sex matched controls. Values are mean (SD) unless stated otherwise

Characteristic
Cases

(n=1122)
Controls
(n=1122) P value

Questionnaire

Age (years) 43.9 (4.2) 43.5 (4.2) Matched

No (%) of men 939 (83.6) 939 (83.6) Matched

Body mass index (kg/m2) 27.5 (4.4) 25.8 (3.2) <0.0001

Height (m) 1.70 (0.09) 1.72 (0.08) <0.0001

Weight (kg) 79.8 (14.7) 76.3 (11.9) <0.0001

No (%) of current smokers 753 (67) 314 (28) <0.0001

No (%) with treated diabetes 45 (4) 12 (1) <0.0001

No (%) with treated hypertension 198 (18) 91 (8) <0.0001

No (%) ended education <16 years 721 (64) 501 (45) <0.0001

No (%) with household income <£12 000/year 308 (27) 138 (12) <0.0001

Blood sample

Total cholesterol (mmol/l) 5.88 (1.20) 5.32 (0.99) <0.0001

Apolipoprotein A1 (g/l) 1.13 (0.21) 1.19 (0.19) <0.0001

Apolipoprotein B (g/l) 1.20 (0.30) 1.00 (0.24) <0.0001

Fibrinogen (g/l)* 3.46 (0.75) 3.03 (0.60) <0.0001

Log10 C reactive protein (mg/l)† 2.31 (0.50) 1.99 (0.34) <0.0001

*Measurements were available for only 874 cases and 904 controls.
†Measurements were available for only 384 cases and 384 controls.

Table 2 Odds of non-fatal myocardial infarction in people aged 30-49 who were H pylori seropositive relative to those who were
seronegative

Age (years)

No (%) seropositive Odds ratio (99% confidence interval)

Cases Controls* Unadjusted Adjusted†

30-39 65/173 (38) 36/173 (21) 2.30 (1.22 to 4.32) 2.08 (0.97 to 4.45)

40-49 407/949 (43) 236/949 (25) 2.28 (1.76 to 2.95) 1.88 (1.40 to 2.53)

All (30-49) 472/1122 (42) 272/1122 (24) 2.28 (1.80 to 2.90) 1.87 (1.42 to 2.47)

÷2
1=79 (P<0.0001) ÷2

1=35 (P<0.0001)

*Matched for sex and age in 5 year bands. †Adjustment was made for current cigarette smoking status, age ended full time education, estimated household income,
region of residence, number of living siblings, and height.
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with other risk factors are generally stronger) and
include adjustment for several potential confounding
factors. The results of both our studies are consistent
with a moderate association between H pylori seroposi-
tivity and coronary heart disease, particularly at
younger ages.

Strengths and limitations of case-control study
Some factors in our case-control study of early
myocardial infarction could have led to underestima-
tion of the role of H pylori. Firstly, almost half of the
controls were siblings or children of someone who had
survived a myocardial infarction (although they were
not necessarily relatives of the cases in the study). As
H pylori is often spread within families during
childhood,12 if infection has a role in coronary heart
disease relatives of survivors of myocardial infarction

would have greater risks of carrying the infection than
would the general population. The effects of any such
“overmatching” would not be large, however, and the
24% H pylori seroprevalence in the controls is about
that expected in the British population aged 30-49.13

Secondly, although high serum concentrations of
IgG antibody to H pylori are reliable indicators of
chronic gastric infection14 and generally persist indefi-
nitely from early life (without specific treatment), slight
underestimation could result from inaccuracies in sero-
logical assays and from fluctuations of H pylori titres
within individuals over time. Substantial measurement
errors were unlikely, however, as our assay method was
accurate and samples taken three years apart showed
good reproducibility for H pylori status.

Thirdly, we included cases who had only “sus-
pected” acute myocardial infarction on admission.
However, three quarters of these suspected cases were
subsequently confirmed and the remainder would
probably have had some acute coronary syndrome.
Moreover, the odds ratio was unchanged when analysis
was restricted to the 842 cases who had myocardial inf-
arction confirmed by electrocardiography or measure-
ment of cardiac enzymes. Exclusion of cases who died
before reaching hospital is also unlikely to have intro-
duced material bias, as early mortality after infarction
in people younger than 50 is relatively low, and there is
no obvious reason to expect it to be strongly related.15

Finally, exclusion of cases with any history of
gastrointestinal bleeding or peptic ulceration (both of
which could be caused by certain cytotoxic strains of
H pylori16 17) would not have caused any underestima-
tion as controls who reported these conditions were
also excluded.

Conversely, other factors could have led to over-
estimation of the role of H pylori in coronary heart dis-
ease. Additional cardiological investigation in seropos-
itive individuals because of upper gastrointestinal
symptoms was unlikely, especially since dyspepsia was
reported by identical percentages of seropositive (36%)
and seronegative cases (36%). Most of the cases who
completed the study questionnaire provided blood
samples, but only half the potential controls did so. If
those controls who provided blood, and so were
included in the case-control comparisons, differed
from those who did not in a way that was related both
to risk of coronary heart disease and to H pylori
infection—for example, overrepresentation of higher
social classes13—this might have produced exaggerated
results. For the study results to be explained entirely by
differences in social class, however, all cases would have

Table 3 Study of 510 sibling pairs: characteristics of survivors of acute myocardial
infarction aged 30-79 and of their sex and age matched control siblings with no history
of coronary heart disease. Values are mean (SD) unless stated otherwise

Characteristic
Cases

(n=510)
Controls
(n=510) P value

Questionnaire

Age (years) 59.4 (9.6) 58.9 (9.8) Matched

No (%) of men 329 (65) 329 (65) Matched

Body mass index (kg/m2) 26.8 (3.8) 26.2 (3.4) 0.007

Height (m) 1.67 (0.09) 1.67 (0.09) 0.48

Weight (kg) 74.7 (12.5) 73.4 (12.6) 0.09

No (%) of current smokers 220 (43) 139 (27) <0.0001

No (%) with treated diabetes 30 (6) 22 (4) 0.25

No (%) with treated hypertension 155 (30) 114 (22) 0.003

No (%) ended education <16 years 392 (77) 385 (75) 0.69

No (%) with household income <£12 000/year† 115 (25) 98 (21) 0.12

Blood sample

Total cholesterol (mmol/l) 5.95 (1.21) 5.80 (1.02) 0.04

Apolipoprotein A1 (g/l) 1.15 (0.19) 1.22 (0.20) <0.0001

Apolipoprotein B (g/l) 1.19 (0.29) 1.10 (0.23) <0.0001

Fibrinogen (g/l)* 3.71 (0.87) 3.42 (0.64) <0.0001

*Measurements were available for only 236 cases and 177 controls.
†Information available for 456 cases and 468 controls.

Table 4 Odds of non-fatal myocardial infarction in siblings who were H pylori
seropositive relative to those who were seronegative

Serology status
(case/sibling control)

No of sibling
pairs*

Odds ratio (99% confidence interval)

Unadjusted Adjusted†

+/- 91
1.33 (0.86 to 2.05)

÷2
1=2.8

1.37 (0.87 to 2.15)
÷2

1=3.1
-/+ 67

+/+ 173

-/- 179

*Controls matched for sex and age in 5 year bands.
†Adjusted for current cigarette smoking status, age ended full time education, estimated household income,
region of residence, and height.

Table 5 Mean (SD) levels of risk factors and other characteristics according to H pylori seropositivity in cases and controls

Cases Controls Mean (SE) difference
between seropositive and

seronegative ‡
Seropositive

(n=709)
Seronegative

(n=851)
Seropositive

(n=501)
Seronegative

(n=1086)

Total cholesterol (mmol/l) 5.90 (1.20) 5.88 (1.18) 5.62 (0.99) 5.39 (1.03) 0.070 (0.042)

Apolipoprotein A1 (g/l) 1.13 (0.20) 1.14 (0.21) 1.21 (0.19) 1.19 (0.19) −0.005 (0.007)

Apolipoprotein B (g/l) 1.20 (0.29) 1.19 (0.30) 1.07 (0.23) 1.02 (0.24) 0.020 (0.010)

Fibrinogen (g/l)* 3.55 (0.79) 3.50 (0.79) 3.18 (0.63) 3.06 (0.62) 0.030 (0.033)

Log10 C reactive protein (mg/l)† 2.34 (0.49) 2.29 (0.50) 2.00 (0.32) 1.99 (0.34) 0.027 (0.034)

Albumin (g/l) 38.2 (3.70) 38.8 (3.57) 40.2 (3.1) 40.8 (3.4) −0.22 (0.13)

Units of alcohol/week in drinkers 26 (26) 26 (26) 22 (22) 21 (20) 2.0 (1.1)

*Measurements were available for only 1050 cases and 1049 controls. †Measurements were available for only 384 cases and 384 controls.
‡Mean (SE) among seropositive minus mean among seronegative adjusted by multiple regression for age, sex, and case or control status.

Papers

1160 BMJ VOLUME 319 30 OCTOBER 1999 www.bmj.com

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.319.7218.1157 on 30 O
ctober 1999. D

ow
nloaded from

 

http://www.bmj.com/


to have come from the lowest two social classes and all
controls from the top two (assuming seroprevalences
based on other studies13 of 40% and 20% at these two
extremes). Such gross selection bias is implausible, and,
moreover, the estimated mean household incomes of
potentially eligible controls who provided blood
samples and of those who did not were similar
(£19 600 v £18 800). Nevertheless, some residual con-
founding is suggested by the reduction in the odds
ratio from 2.28 (÷2

1 = 79) to 1.87 (÷2
1 = 35) after smoking

and some imperfect indicators of socioeconomic status
were adjusted for. The fact that such crude adjustment
reduced the odds ratio so substantially suggests that
exact adjustment for all confounders would have
produced an even greater reduction, but such
considerations are difficult to quantify.

Strengths and limitations of sibling pair study
Studying sibling pairs should provide better matching
for socioeconomic status and should also help avoid
selection biases. But, as 69% of the pairs had the same
H pylori status (which is similar to the 60%
concordance rate reported among several hundred
non-identical Swedish twins18), only 158 pairs were dis-
cordant and hence informative about any association
with myocardial infarction. The odds ratio of seroposi-
tivity for myocardial infarction was 1.33 (99%
confidence interval 0.86 to 2.05) and was largely
unchanged after adjustment. This suggests that exact
adjustment for the truly relevant factors would have
little effect. Although this odds ratio is not significant, it
is compatible with the results of our study of early
onset myocardial infarction and published prospective
studies (figure).

Conclusions
Ever since the early claims of strong associations, the
evidence for an association between H pylori and
coronary heart disease has steadily weakened. Our
findings—together with a meta-analysis of previous
reports—renew the possibility of a moderate associ-
ation, particularly in early middle age, but exclude the
existence of a strong one. Hence, unless epidemiologi-
cal studies of H pylori subtypes (or of other infective
agents) give more extreme relative risks, randomised
trials of anti-infective interventions may be needed to
help determine causality. Even if a causal link exists,
any effect of infection on risk of coronary heart disease
might not be rapidly and fully reversible (as is the case

with other risk factor interventions19). Hence, trials of
interventions against infection might need to ran-
domise large numbers of participants and to observe
them for several years to assess reliably any effects on
coronary heart disease.
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Economic transition and changing relation between income
inequality and mortality in Taiwan: regression analysis
Tung-liang Chiang

Abstract
Objective To examine the changing relation between
income inequality and mortality through different
stages of economic development in Taiwan.
Design Regression analysis of mortality on income
inequality for three index years: 1976, 1985, and 1995.
Setting 21 counties and cities in Taiwan.
Main outcome measures All age mortality and age
specific mortality in children under age 5.
Results When median household disposable income
was controlled for, the association between income
inequality and mortality became stronger in 1995
than in 1976. Especially, the association between
income inequality and mortality in children aged
under 5, with adjustment for differences in median
household disposable income, changed from
non-significant in 1976 to highly significant in 1995.
In 1995, the level of household income after
adjustment for income distribution no longer had a
bearing on mortality in children under 5.
Conclusion The health of the population is affected
more by relative income than by absolute income
after a country has changed from a developing to a
developed economy.

Introduction
Does relative income become more important than
absolute income in determining population health

after a country has changed from a developing to a
developed economy? By comparing countries that are
members of the Organisation for Economic Coopera-
tion and Development, Wilkinson showed that: (a) a
strong relation exists between life expectancy and
income distribution, whereas its relation with gross
national product per capita is weak; and (b) a decrease
in the prevalence of relative poverty is significantly
related to a rapid improvement in life expectancy.1 2

Kaplan et al3 and Kennedy et al4 reported independ-
ently that in the United States the relation between
income distribution and mortality remained highly
significant even after controlling for absolute income.
Nevertheless, most of the studies on population health
and relative income versus absolute income are cross
sectional studies that were done in post-industrialised
countries where the epidemiological transition is com-
plete. I aimed to examine the changing relation
between income inequality and mortality through
different stages of economic development in Taiwan,
using data at county and city level.

Taiwan, with a population of 21.3 million in 1995, is
a newly industrialised country; its achievement in eco-
nomic development has been frequently termed an
“economic miracle” (table 1). In the early 1950s, Taiwan
was a poor country with a gross national product per
capita of no more than US$200 (£72 valued at 1950s
prices).5 Since 1953 a series of economic development
plans has been effectively implemented, and Taiwan’s
economy has shifted from agricultural to industrial
and from import oriented to export oriented.6 As a
result, gross national product per capita has increased
rapidly to US$1132 (£627 valued at 1976 prices) in
1976 and to US$12 396 (£7853 valued at 1995 prices)
in 1995.5

The economic development of Taiwan has been
identified not only with rapid growth but also with
improved income distribution.7 Like most developing
countries Taiwan had a large income gap in the early
years of economic transition. The ratio of income share
of the richest 20% to that of the poorest 20% in Taiwan
reached 20.5 in 1953, but it decreased substantially to
4.2 in 1976 and then slightly increased to 5.3 in 1995.5

Similarly, the Gini coefficient—a commonly used meas-
ure of the degree of income inequality, ranging from
zero to a maximum of one—for Taiwan has decreased

Table 1 Basic socioeconomic and health indicators in Taiwan, 1953-955 7 8 9

Variable 1953 1976 1985 1995

Socioeconomic indicators

Population (million) 8.3 16.5 19.3 21.3

Population aged >65 (%) 2.5 3.6 5.1 7.6

Gross national product per capita (US$) 196* 1132 3297 12 396

Gini coefficient 0.56 0.28 0.29 0.32

Ratio of highest fifth’s income to lowest fifth’s 20.46 4.18 4.50 5.34

Health indicators

Crude death rate (per 1000) 9.4 4.7 4.8 5.6

Under 5s mortality (per 1000)† 21.1 3.9 2.1 1.9

Life expectancy (years):

Male 58.2 68.7 70.8 71.9

Female 61.4 73.6 75.8 77.8

*1952.
†Number of deaths in group aged 0-4 per 1000 population in same age group.
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