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Trends in mortality from diabetes mellitus in Taiwan, 1960-1988
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Summary. The increasing trends of mortality from diabetes
mellitus in Taiwan are becoming a public health concern. The
age-adjusted death rate for diabetes was 3.7 per 100,000
population in 1960, which increased to 23.2 per 100,000 in
1988, a 6.3-fold increase over the past 30 years. The mortality
data for diabetes in Taiwan from 1960 to 1988 for both sexes
are presented and analysed using an age-period-cohort
model in order to gain a better understanding of the possible
determinants of the time trends of this disease. Steeply in-
creasing trends which are particularly prominent in the elder-

ly are found in the periods studied. Females and urban dwel-
lers demonstrated greater risks for developing the disease.
Significant cohort effects were found which peaked in the
birth-cohort 1910-1917. This declined thereafter for females
but has levelled since then for males. Further study is neces-
sary to assess the aetiological implications of diet and urbani-
zation on time trends of diabetes.

Key words: Diabetes mellitus, mortality trends, age-period-
cohort analysis, urbanization.

Over the past 30 years, Taiwan has experienced a rapid
socioeconomic development that is reflected in changes
of many aspects of life-style and dietary habits and to a
large extent also in disease patterns. Chronic diseases, e. g.
cerebral and cardiovascular diseases and diabetes melli-
tus have emerged as major diseases threatening the lives
of the inhabitants on this island. While the leading cause
of death was previously cerebrovascular disease, cancer
has been responsible for most deaths since 1982. How-
ever, the most remarkable increase in chronic disease
mortality in the past 30 years has been due to diabetes. In
1960, diabetes was responsible for less than 0.3% of total
deaths, while this figure increased remarkably to 3.8%,
accounting for more than 3,800 deaths in 1988. Diabetes is
now the fifth leading cause of death in Taiwan next to
cancer, cerebrovascular disease, accident and coronary
heart disease (Table 1).

In addition to being a significant cause of mortality, dia-
betes is believed to be a major cause of disability in the el-
derly including blindness, renal failure, and lower limb
amputations. Cardiovascular and peripheral vascular con-
ditions appear to be about two times as common in diabe-
tic patients as in non-diabetic subjects [1]. Diabetes clearly
represents an important public health problem in Taiwan
as well as in other developed countries. Although it is
well-known that genetic factors are involved in the aetio-
logy of diabetes, the tremendous increase in diabetic mor-

tality in Taiwan over the past 20 years denotes the fact that
environmental factors play an important role in the causa-
tion of Type 2 (non-insulin-dependent) diabetes. In this
study, mortality data from diabetes in Taiwan were analy-
sed and presented in order to better understand the way
dietary as well as urbanizational factors affect the secular
trends.

Subjects and methods

Subjects

Information on diabetes mortality and the data of mid-year popula-
tion in Taiwan from 1960 to 1970 were taken from the “Vital statis-
tics” published annually by the Taiwan Provincial Department of

Table 1. Number of deaths from diabetes mellitus in Taiwan, 1960~
1988, by year

Year Number of Proportion of Order in leading
diabetes deaths  total deaths (%) causes of death

1960 198 0.27 29

1970 482 0.71 18

1980 1,396 1.67 13

1985 2,930 322 7

1988 3,883 3.84 5
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Fig.1. Trends of diabetes mellitus mortality in Taiwan, 1960-1988,
by sex. Male—, Female -- - --
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Health, R. O.C.[2] where they were tabulated by sex and 5-year age
group. The individual health records of all reported cases as well
as population data for each township and district in Taiwan be-
tween 1971 and 1988 were generated directly from computerized
government data sets. The contributing causes of death were not
available in either the annual report or the computer file. Thus,
mortality from diabetes, in this study, was defined as code number
250 in both International Classification of Diseases (ICD)-8 and
(ICD)-9 listed in the death certificates as the underlying cause of
death.

The degree of urbanization of each township and district in
Taiwan was given an index of 1 to 8 in the study of urban-rural
classification by Tzeng and Wu [3], in which variables of popula-
tion density, age composition, mobility, economic activity and
family income, educational level, and health and sanitation facili-
ties were used to estimate the urbanization score. Metropolitan
areas, in this study, are defined as those with index 1-2, and cities,
index 3-4, towns, index 5-6, and rural areas, index 7-8, respecti-
vely.
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Data of annual per capita income and of calorie, protein, and fat
consumption in Taiwan between 1960 and 1988 were taken from
“Taiwan Statistical Data Book” published by the Council for Eco-
nomic Planning and Development, R. 0. C.[4].

Statistical analysis

In order to minimize the effect of different age compositions for dif-
ferent periods and different areas, the secular trends of diabetes
mortality rates for the whole population between 1960 and 1988 and
the trends of diabetes mortality rates by urbanization in Taiwan were
age-adjusted [5] to the 1976 world standard population [6].

The statistical age-period-cohort analysis (APC Model), which
adopted the “individual record” method of Robertson and Boyle [7]
to circumvent the problem of non-identifiability, was performed
using the data between 1971 and 1988.

The mortality of diabetes mellitus in a particular group (age-peri-
od-cohort) is assumed to follow a Poisson distribution, with a mean
p=N-r, where N is person-years at risk in a particular group, andris
the mortality rate from diabetes in that group. The mortality rate ris
modelled as alog-linear function of age, period and cohort separate-
ly for males and females. The baseline groups are ages 4044, calen-
dar year 1971-1973, and birth year 1887-1893 for age, period, and
cohort factors, respectively. The maximum likelihood estimation
was used to fit the models through the statistical package Egret [8].
The significance of the factors (age, period, and cohort), were
assessed by means of a likelihood ratio test. Other methodological
details can be found elsewhere [9].

Results

Figure 1 shows the trends for age-adjusted mortality rates
of diabetes for males and females in Taiwan between 1960
and 1988. The increasing trends in mortality rates from
diabetes are large. For males, the annual age-adjusted
mortality rate increased from 3.32 per 100,000 population
in 1960 to 17.84 per 100,000 population in 1988, a 5.4-fold
increase, and for females, 4.05 per 100,000 population in
1960 to 30.01 per 100,000 in 1988, a 7.4-fold increase. The
secular trends in Figure 1 also show that the increases in
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Fig.2 A, B. Secular trends of age-specific mortality from diabetes mellitus in Taiwan, 1960-1988, by sex. A Male 70 + —, 60-69 -- --- ,50-59---.

B Female 70 + — 60-69 --- -~ ,50-59 ---.
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Fig.3 A, B. Age-specific mortality rate from
diabetes mellitus in Taiwan, for the periods of 1971~
1976,1977-1982 and 1983-1988, by sex. A Male
1983-1988 ---,1977-1982 —, 19711976 -- - .. .B Fe-
male 1983-1988 -- -, 1977-1982 — 1971-1976 - -- -- .

i i

Mortality rate is expressed on a logarithmic scale

25-29 30-34 35-39 40-44 45-48 50-54 55-59 60-64 65-68 70-74 75-79 80-84 85+

Age (years)

mortality from diabetes were particulary remarkable in
the last 10 years for both sexes.

Further analysis of the age-specific mortality rates of
three different age groups were plotted in Figure 2 for
males and females. It can be seen that the oldest age
group of 70 and over in both sexes showed the most dra-
matic secular trends, especially females (15.8-fold in-
crease).

Depicted in Figure 3 are the cross-sectional age distri-
butions of mortality from diabetes for three consecutive
periods of 1971-1976, 1977-1982 and 1983-1988 for both
sexes. It can be seen that the mortality rates increased pro-
gressively with age for males but showed a downward cur-
vature after age 75 years for females.

The separate effects due to age, cohort and period in-
dices, respectively (Fig.4-6) were estimated from the
APC model (7] and were all statistically significant
(p <0.01) as judged by the likelihood ratio test (Table 2).
The oldest age group, (80-84 years) had 46.8 and 60.1

times the risk of dying from diabetes as compared to the
youngest age group of 40-44 years for males and females,
respectively. The downward curvature after ages 75 years
for females observed in the cross-sectional age distribu-
tions (Fig.3) disappeared in this birth-cohort analysis
(Fig. 4). As regards cohort effects, females born between
1910-1917 achieved the highest risk among the birth
cohorts studied (the relative risk is 2.04 as compared to
the 1887-1893 birth cohort) and the effect declined in the
recent cohorts. For males, the birth-cohort effect was
less conspicuous. It was increasing before the year 1909,
reached a peak in 1910-1917 and remained at about the
same level of risk thereafter (1.5 times the risk as com-
pared to the 1887-1893 birth cohort). We also analy-
sed the cohort effects using finer grouping in the age,
period, cohort indices and the results were essentially the
same.

The age-adjusted diabetes mortality rates by the de-
gree of urbanization between 1971-1988 for males and fe-
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Fig.4. Age effect (with 95 % confidence interval) in diabetes melli-
tus mortality in Taiwan, 1971-1988, by sex. Male e——e, Female
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Fig. 5. Cohorteffect (with 95% confidence interval) in diabetes mel-
litus mortality among birth cohorts of 1887-1948 in Taiwan, by sex.
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Fig. 6. Period effect (with 95 % confidence interval) in diabetes mel-
litus mortality in Taiwan, 1971-1988, by sex. Male s—-e, Female

males are presented in Figure 7. Generally, metropolitan
residents had a 1.5-fold higher diabetes mortality rate
than those in rural areas. The comparisons of time trends
for diabetes mortality rates by urbanization also revealed
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that residents in rural areas will reach diabetes mortality
rates as high as the metropolitan figures in about 6 years.

Figure 8 shows the trends of annual per capita income
and of calorie, protein, and fat consumption in Taiwan be-
tween 1960 and 1988. The increasing trends of fat con-
sumption and calorie intake seem very similar to the
trends of diabetes mortality (Pearson correlation coeffi-
cients, 0.97 and 0.82, respectively).

Discussion

In the absence of comprehensive incidence and prevalen-
ce data about diabetes, studies based upon vital statistics
compiled from death certificates seemed a reasonable
first step in estimating trends of diabetic risk. However,
several studies have demonstrated that diabetes was re-
ported as the underlying cause in only about 7% and as
a contributing or “other” cause in about one-third of all
death certificates [10-12]. Underestimation of mortality
rates from diabetes was, therefore, inevitable, if vital sta-
tistic data were used. It should be keptin mind thateven in
complete ascertainment from death certificates, from
both underlying and contributing causes, using mortality
data to study trends in diabetes had the drawback of sepa-
rating the effects of improvement in medical care accessi-
bility and the reduction in case fatality rate due to better
treatment from true incidence change. Thus, studies ba-
sed upon vital statistics give only an imprecise picture of
trends in diabetes.

The dramatic increase in mortality from diabetes in
Taiwan between 1960 and 1988 as revealed in our study,
did, however, provide some clues about the risk factors
for the disease. It was unlikely that improved case ascer-
tainment or better diagnosis from the improvement in
medical care facilities account for all of the increases,
When these trends did occur, they often started at a
younger age, and shifted to the elderly. However, our ob-
servations show that the mortality rates in the young are
stable, while those in the elderly increase dramatically.
The results of the prevalence survey of diabetes conduct-
ed in Taipei City (the largest city in Taiwan) which also

Table 2. Variable selection in age-period-cohort models of diabetes
mellitus mortality in Taiwan, 1971-1988

Model df Deviance Likelihood
ratio
statistic (df)*

Male

Age 85 1713.7 14764.6 (8)°

Age, period 80 104.9 1608.8 (5)°

Age, period, cohort 73 84.6 203 (7)°
Female

Age 85 2401.9 25047.8 (8)"

Age, period 80 238.7 2163.0 (5)°

Age, period, cohort 73 114.7 123.9 (7)°

2 Each likelihood ratio statistic refers to the last term entered into the
model and has an approximate chi-square distribution with the ap-
propriate degree of freedom (df).

°p <0.01
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support our contention, showed that the age-adjusted
prevalence rates for those aged 40 years or over in Taipei
City were 5.05%,7.10%, 8.17 % for 1970, 1979, and 1986,
respectively [13]. As well as this, our analysis, which by
means of the age-period-cohort model revealed that, in
addition to age and period effects, birth-cohort effect al-
so played a significant role in the trends, which might ac-
count for part of this phenomenon because the elderly
represent an earlier generation when the risk of dying
from diabetes increased in successive birth-cohorts, whe-
reas the young live in a generation when rising trends
have levelled off. Alternatively, the elderly who expe-
rienced or accumulated sufficient amounts of diabetic
risk factors in their lifetime, and received additional trig-
gers from the current affluent environment, would be

most likely to develop the disease, and therefore, show
the most conspicuous rising mortality trends. Increasing
fat consumption and calorie intake as well as less physical
activity associated with urbanization might account for
the dramatic increase in diabetes mortality in Taiwan
which deserves further study.

The significant birth-cohort effects for diabetes found
in this study imply that some important determinants of
the disease might occur early in life, but not show their
effects until some time later. For example, vocational
preferences, dietary habits and the nutritional status of a
birth cohort may be determined in early life. But we must
also consider possible generation-related reproductive
experiences or age-specific exposures such as war, epide-
mics or lifestyle changes, which might enhance or be de-
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trimental to some developmental stages of diabetes. It is
of interest to note after the 1910-1917 birth cohort a con-
tinuously declining risk in the recent birth cohorts for fe-
males. It raises a possible suggestion that environmental
factors, regardless of what they were, had diminished the
intensity in later birth cohorts for females but not for ma-
les. The declining parity of women is thought to be asso-
ciated with this birth cohort effect for females as the ge-
neral fertility rate in Taiwan has shown a declining trend
after 1952. The present findings can also be compared to
our previous study of pancreatic cancer [9] where morta-
lity was shown to have increasing cohort effects up to the
1917-1926 birth-cohort and declined thereafter for both
sexes. It is worthwhile, to further explore what, besides
the reproductive factors, differentiates the patterns of
cohort effects for diabetes between males and females
and those between diabetes and pancreatic cancer in
Taiwan.

Excess risk for diabetes in urban areas, repeatedly de-
monstrated in studies conducted in almost all parts of the
world [14-16], a previous study in Taiwan [17], and again
in this study seem consistent with the hypothesis of an
urbanization factor in the aetiology of diabetes. Obesity
[13, 18-20], physical activity [21-24], diet [25-27], psy-
chosocial stress due to modernization [28, 29], and other
variables [30-32] have been proposed as risk factors for
diabetes which are associated with urbanization. How-
ever, other possible factors in an urban environment
operating independently of the above remain to be ex-
plored.

While diabetic incidence studies demonstrate no clear
evidence that gender influences the risk for the develop-
ment of diabetes [31], high mortality rates in females have
been repeatedly shown in mortality statistics from various
countries [33, 34]. This apparent paradox may be attribu-
table to the higher fatality rate for female diabetic patients
[33]. Using prevalence data, which may be confounded by
the duration of disease, further complicates the aetiolo-
gical inference. Therefore, a comprehensive model [35]
with which to describe prevalence, mortality, and inciden-
ce of diabetes in the general population is clearly war-
ranted.
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