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Abstract. Theaim of this study wasto examine the effects of age, time period, and birth cohortswith
dengue fever/dengue hemorrhagic fever (DF/DHF) in Bangkok, Thailand over the period 1981-2000.
The age group at greatest risk for DF/DHF was 5-9 years old. The period effect shows a remittent
pattern, with significant increases in 1986-1990 and 1996-2000. The birth cohort group showed a
significant decreasing trend from the 1961-1965 group to the 1991-1995 group (R? = 0.7620) with a
decreasing rate of 0.1. We concluded that the temporal trend of DF/DHF is decreasing; especially for

DHF.

INTRODUCTION

Dengue virus infections are significant
causes of morbidity and mortality in many areas
of the world. It is believed to cause two clinical
syndromes, namely dengue fever (DF) and den-
gue hemorrhagic fever (DHF). In Thailand, the
epidemics occur every 3 to 5 years with peaks
occurring during therainy seasons (Nimmannitya,
2002). The incidence of disease was highest in
1987, but the casefatality rate gradually decreased
to below 0.5% currently. The disease mostly af-
fects children, with 95% of case reports occur-
ring below age 15 years. The highest risk age
group was between five and nine years old
(Thongcharoen and Jetanasen, 1993). During sub-
sequent outbreaks in most countries, the number
of casereportsin older age groups has increased
(Thongcharoen and Jetanasen, 1993).

We determined the temporal trend of den-
gue disease in Bangkok from 1981 to 2000 by
using an age-period-cohort (APC) model to ana-
lyzeincidenceratesof diseasein aunified frame-
work. Children prone to dengue may have bio-
logical susceptibility to dengue virus determined
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by age. The incidence of dengue disease, cases,
which varies from year to year, has an effect on
public health intervention programs and vector
control. Cohort groups, born in the same year,
have acumulative effect from exposureto differ-
ent dengue virus serotypes in the past, and deter-
mine the trends of the disease. DF and DHF dif-
fer in pathogenesis. The different trends may ex-
plain the changesin epidemiol ogy of denguedis-
ease.

MATERIALSAND METHODS

The method of model building was modi-
fied from Clayton and Schifflers (1987a,b). Us-
ing the Bangkok dataset from the Center of Epi-
demiological Information, Bureau of Epidemiol-
ogy, Ministry of Public Health, Thailand provides
demographic information related to dengue dis-
ease occurring 1981 to 2000, including patient
age and calendar year of infection. These groups
were defined in 5-year intervals so there were 4
period groups and 4 age groups. The four age
groups were: 0-4, 5-9, 10-14 and 15+ years old.
Data were displayed in a two-way table by pe-
riod groups and age groups in Table 1. Age spe-
cificincidence rates per year were calculated us-
ing the number of dengue disease cases per age
group as anumerator and the number of popula-
tion per age group in Bangkok from the Human
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Tablel
Age specific rates per 1,000 person-years arranged by 5-year age groups and 5-year periods. Cohorts
are 5 years wide following diagonal lines.

Period

Age group Cohort
1981-1985(1) 1986-1990(2) 1991-1995(3) 1996-2000(4)

0-4(1) 1.25 2.04 0.83 2.36 1991-1995 (4)

5-9(2) 2.62 3.85 151 415 1986-1990 (3)

10-14(3) 174 2.94 1.02 2.93 1981-1985 (2)

15+(4) 0.09 0.18 0.07 0.30

Cohort 1961-1965(5) 1966-1970(6) 1971-1975(7) 1976-1980(1)

Resources Planning Division, National Economic
and Social Development Board, as a denomina-
tor. Thiswas traced back to the year of birthina
diagonal line. The defined birth cohort groups
were from 1961-1965 to 1991-1995 using the
birth cohort group 1976-1980 for a reference
group.

The Age-Period-Cohort (APC) model isin
log-linear form as below;

M _w+ o, + B+,

A, represents the unknown true incidence
rate, which is cross-classified by age and period.
Theuw isaconstant term. o, B, v, are parameters
representing the effects due to age, period, and
cohort, respectively. Relative risk is interpreted
by the exponential form of these parameters. The
Poisson regression was performed to construct the
APC model. Parameterswere estimated by means
of maximum likelihood using statistical packages
STATA version 6 to perform generalized linear
modeling (Swan et al, 1993). The goodness of fit
was assessed by the deviance (D), which was
close to its residual degrees of freedom (df). If
the number of dengue caseswaslarge, so that the
variance was more than the mean of the cases, it
calls over dispersion. Then using the negative
binomial model by the STATA program version
6, it adjusted the APC model. We used the less
formal Akaike's Information Criterion
(AlC=deviance-2df) for judgment of the ad-
equacy of themodels. The most appropriate model
was the lowest AIC model (Arbyn et al, 2002).
After that, we used the AFRIM S dataset (contain-
ing specimens collected from patients admitted
to QSNICH in Bangkok) adjusted by the age spe-
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Table 2
Model selection.

Modl Resdud  \que  AIC

Deviance df (D-2df)
Null 14553850 15 0.0000 145,508.5
Age 15,463.82 12 0.0000 15,439.82
Age-Period 103211 9 00000 1,01411
Age-Cohort 12,626.66 6 0.0000 12,614.66
Age-Period-Cohort 44555 4 0.0000 437.55
APC with extra- 011 4 -7.89

Poisson

cific rate for the Bangkok dataset, and separate
them into DF and DHF, and then did the same as
the Bangkok dataset.

RESULTS

Temporal trends of dengue disease

The model selection was estimated by the
model that its deviance was close to its residual
degrees of freedom. From Table 2, the residual
deviance of the full APC model was 445.55 for
degrees of freedom (df) = 4. The corresponding
%2 test (p = 0.000) indicates an unsatisfactory pre-
diction of the observed number of cases, assum-
ing only Poisson variation, but allows for over-
dispersion that adjusts by negative binomial dis-
tribution, yielded adeviance of 0.11, approximat-
ing the degrees of freedom and the lowest AIC,
indicating an acceptablefit (Fig 1).

The relative risks of dengue disease in dif-
ferent age groups (age effect) asderived fromthe
APC model. The age group 5-9 isthe highest peak
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Fig 1-Relativerisk of dengue diseasein each agegroup
using the APC Model.
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Fig 2—Relative risk of dengue disease in each period
using the APC Model.

15
1 0/'\'\0\‘\.\.
05

0 T T T T T T T 1
1961-1965 1971-1975 1981-1985 1991-1995
Cohort (year)

Relative risk

Fig 3-Relative risk of dengue disease in each cohort
group using the APC Model.
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Fig 4-Relativerisks of DF and DHF in each age group
from the APC Model.

and the most at-risk group. The age groups 5-9
and 15+ have 1.59 and 0.06 times the risk of the
age group 0-4 (the reference age group), respec-
tively (p<0.05). The lowest risk group is the age
group 15+ yearsold (Fig 2).

The periods 1986-1990 and 1996-2000 are
different from the reference period (1981-1985)
(p<0.05) with relative risks of 1.80 and 2.96, re-
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Fig 5-Relative risks of DF and DHF in each period
using the APC Model.
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Fig 6-Relative risks of DF and DHF in each cohort
group using the APC Model.
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Fig 7-Incidence rate of DF and DHF per 1,000 in
Bangkok by year 1981-2000.

spectively. The period 1991-1995 had the lowest
relative risk, but there was no significant differ-
ence (Fig 3).

Therelativerisk of dengue diseaseincreased
from the cohort group 1961-1965 to the cohort
group 1966-1970 then declined to the cohort
group 1991-1995. When using the linear regres-
sion model, we found that the coefficient of de-
termination (R?) equaled 0.7620 and the coeffi-
cient parameter was-0.10, (p<0.05). Therelative
risk for dengue disease has a decreasing linear
trend.

Temporal trends of DF

We sel ected the age-period-cohort for fitting
model with adevianceof =5.19, df =4 and p>0.05
(Fig 4).

The age group 5-9 had the highest peak and

was the most at risk group. The age groups 5-9
and 15+ had significant 1.82 and 0.09 times the
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risk of the age group 0-4 (the reference age group),
respectively (p<0.05). Thelowest risk group was
the age group 15+ years old (Fig 5).

The relative risk was lowest in 1991-1995
and highest in 1996-2000, but these were not sig-
nificantly different. In 1986-1990, therelativerisk
was 2.08 (p<0.05) (Fig 6).

We determined the trend of DF by using lin-
ear regression of the relative risk in each cohort
group. We found the trend DT DF dlightly in-
creased at arate equal to 0.05 and the coefficient
of determination (R?) was 0.5207 (p=0.067).

Temporal trends for dengue hemorrhagic
fever

We sel ected the age-period-cohort for fitting
model with adeviance = 2.02, df =4 and p>0.05
(Fig 4).

The age group 5-9 years old had the highest
relative risk, followed by the age groups 10-14,
0-4, and 15+ yearsold with relative risks of 1.78,
1.09, 1.00, and 0.07, respectively. The age groups
5-9 years old and 15+ years old were different
from the reference age group (0-4) with p-
value<0.05 (Fig 5).

The relative risk was lowest in 1991-1995
and highest in 1996-2000. The periods 1986-1990
and 1991-1995 were significantly different from
the reference period (1981-1985) with relative
risks of 1.41 and 0.58, respectively (Fig 6).

We determined the trend for DHF by using
linear regression of the relative risk in each co-
hort group. We found the trend for DHF to be
declining slightly at rate of -0.05 (p<0.05) with a
coefficient of determination (R?) of 0.577.

DISCUSSION

APC analysis had been used to determine
the trends of incidence rates and mortality rates
of diseaseswhich result from past cumulative en-
vironmental effects such as cancer and chronic
diseases. This birth cohort effect provides an as-
sessment of therel ative risk, which was compared
to other birth cohorts. Our analysis established
decreasing trends of dengue diseaserisk for birth
cohort 1961-1965 to birth cohort 1991-1995. The
cumulative effect isnoted as a decrease, at arate
of approximately 0.10 per each cohort group.
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When we separated DF and DHF, DF wasdlightly
increasing, with a rate of 0.05 per each cohort
group, but this was not significant and DHF was
decreasing (p<0.05) at arate of 0.05 for each co-
hort group. DF and DHF occur by different
mechanisms. DF does not need immune enhance-
ment, like DHF (Rothman, 1997) and it can oc-
cur with the primary infection. If the primary in-
fection increases (Nisalak et al, 2003), DF will
also increase. As for DHF, the significant de-
creases may be due to aprimary infection in hy-
perendemic areaswhich can protect from second-
ary infection due to immune enhancement. An-
other reason for the decrease in DHF is that it
may be due to a decrease in the percentage of
serotype 2, which usually causes the most severe
cases of dengue disease (Sangkawibha et al,
1984). A change in percentage of serotypes may
cause achangein trends for DF and DHF.

The period effect seemed to waxing and
waning, especially for DHF. This pattern can be
explained by herd immunity, when it increases,
the incidence of DF and DHF will decrease, and
when it decreases, the incidence of DF and DHF
will increase. The other reasons may be the dy-
namics of the population and the emerging of a
new genotype. Dengue disease will have epidem-
icsevery 3to5years, asin most Southeast Asian
countries (Fig 7) (Nimmannitya, 2002).

The high-risk age group in this study was 5-
9 years old, similar to other studies in Thailand
(Thongcharoen and Jetanasen, 1993) but we could
not interpret the trends for each age group, be-
causethey werenot significant inthelinear model.
Therelativerisk for each age group with DF and
DHF isthe same, the highest in 5-9 yearsold and
the lowest in 15+ years old. Although they have
different pathogenesis, DHF occursfromimmune
enhancement (Rothman, 1997) and usually oc-
curs with a second infection (Fischer and
Halstead, 1970). Decreasing trends of DHF may
be from JE vaccination or the decreasing in the
age group 15+ of population and increasing trends
of DF may befrom doctors and parents more con-
cerning in DF than before. So the diagnosi of DF
increases.

We can conclude that the APC model has a
benefit in determining the trend for dengue dis-
ease infection. The trend for dengue disease is
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decreasing, especially for DHF. It helpsusto de-
tect early the change in the epidemiol ogy of den-
gue disease.
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