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Background: Low fruit and vegetable consumption is among the top 10 risk factors contributing to mortality
worldwide. WHO/FAO recommends intake of a minimum of 400 grams (or five servings) of fruits and
vegetables per day for the prevention of chronic diseases such as heart diseases, cancer, diabetes, and obesity.
Objective: This paper examines the fruit and vegetable consumption patterns and the prevalence of
inadequate fruit and vegetable consumption (less than five servings a day) among the adult population in
rural surveillance sites in five Asian countries.

Data and methods: The analysis is based on data from a 2005 cross-site study on non-communicable disease
risk factors which was conducted in nine Asian INDEPTH Health and Demographic Surveillance System
(HDSS) sites. Standardised protocols and methods following the WHO STEPwise approach to risk factor
surveillance were used. The total sample was 18,429 adults aged 25-64 years. Multivariate logistic regression
analysis was performed to assess the association between socio-demographic factors and inadequate fruit and
vegetable consumption.

Results: Inadequate fruit and vegetable consumption was common in all study sites. The proportions of
inadequate fruit and vegetable consumption ranged from 63.5% in men and 57.5% in women in Chililab
HDSS in Vietnam to the whole population in Vadu HDSS in India, and WATCH HDSS in Bangladesh.
Multivariate logistic regression analysis in six sites, excluding WATCH and Vadu HDSS, showed that being in
oldest age group and having low education were significantly related to inadequate fruit and vegetable
consumption, although the pattern was not consistent through all six HDSS.

Conclusions: Since such a large proportion of adults in Asia consume an inadequate amount of fruits and
vegetables, despite of the abundant availability, education and behaviour change programmes are needed to
promote fruit and vegetable consumption. Accurate and useful information about the health benefits of
abundant fruit and vegetable consumption should be widely disseminated.
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CQACTION

of a healthy diet, since they have low energy
density and are sources of micronutrients, fiber,
and other components with functional properties (1).
Increased fruit and vegetable consumption can also help
displace food high in saturated fats, sugar or salt. Low

Fruits and vegetables are important components

fruit and vegetable intake is among the top 10 risk factors
contributing to mortality (2). Up to 2.7 million lives
could potentially be saved each year with sufficient global
fruit and vegetable consumption (3). Increased fruit
and vegetable intake as part of the daily diet, could
help prevent major chronic non-communicable diseases
(NCDs). Worldwide, low intake of fruits and vegetables is
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estimated to cause about 31% of ischemic heart disease,
11% of strokes, and about 19% of gastrointestinal cancer
(3, 4). Of the global disease burden attributed to low fruit
and vegetable consumption, about 85% is due to cardi-
ovascular diseases and 15% to cancer (4). The estimated
levels of current fruit and vegetable intake vary consider-
ably from less than 100 grams per day in less developed
countries to about 450 grams in Western Europe (4).

WHO/FAO recommends intake of a minimum of 400
grams or five servings of fruits and vegetables per day for
the prevention of chronic diseases such as heart diseases,
cancer, diabetes, and obesity. There is convincing evidence
that consumption of fruits and vegetables decrease the
risks of cardiovascular disease, obesity, and diabetes (3). In
spite of the growing body of evidence which highlights the
protective effect of fruits and vegetables, their intakes are
still inadequate in many low and middle-income countries
(5, 6). The World Health Survey in 2002-2003 showed that
over three-fourth of men and women from 52 low and
middle-income countries consumed less than the minimum
recommended five daily servings of fruits and vegetables
(5). The fruit and vegetable intake among the population in
India, Mali, and Pakistan is about 100 gram per capita per
day or less, compared to 300 grams consumed in Australia,
several European countries, and the USA. Even so, the
fruit and vegetable consumption in these high income
countries are still less than the WHO/FAO recommended
level of 400 grams or five servings per day (7).

This paper describes the patterns of fruit and vegetable
consumption in adults 25-64 years in nine health and
demographic surveillance system (HDSS) sites in five
Asian countries and examines their relationships with
socio-demographic characteristics. Results from this
study will be used to provide a basic knowledge of the
great differences in fruit and vegetable consumption seen
in the different areas as a basis for future studies on
disease endpoints, as well as providing information to
help guide future policy initiatives to promote greater
consumption of fruit and vegetable consumption in Asia.

Methods

Data sources

The study was conducted in 2005 in nine HDSS sites
in Asia, namely Matlab, Mirsarai, Abhoynagar, and
WATCH (Bangladesh), Vadu (India), Purworejo (Indone-
sia), Kanchanaburi (Thailand), Filabavi and Chililab
(Vietnam). All sites are members of the INDEPTH Net-
work which was founded to facilitate linkage of existing
HDSS through a focused network on HIV/AIDS, malaria,
adult health, and NCDs (8). The HDSSs, which are all in
rural settings, cover a representative sample of population
at a district level. The HDSS are however self-selected, and
do not represent the entire region or country.
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Taking advantage of the HDSS’s sampling frame, a
minimum of 250 individuals aged 25-64 years in each sex
and 10-year age group were randomly selected from each
site.

The methods and materials have been described else-
where (9, 10). Briefly, data were collected through a
personal household interview conducted by the trained
data collectors. To ensure the quality of the data collected,
respective sites organised training for data collectors
before the field work started. During the trainings, the
study protocol and instruments were discussed thor-
oughly. Data collectors were also given the opportunity
to practice in administering the questionnaire using the
fruit and vegetable show-cards and standard measures
(cups, serving portions) when asking questions on fruit
and vegetable consumption. Field supervisors were em-
ployed to conduct spot-checks, re-checks, and data
validation procedures, including accuracy and complete-
ness of data obtained. Field meetings were held regularly
to enable researchers, supervisors, and surveyors to
identify and discuss problems encountered during the
data collection processes.

Survey instrument and measurements

The pre-tested WHO STEPS questionnaires for chronic
NCD risk factors were used to collect core information
on the number of days fruits and vegetables are eaten in a
typical week and number of fruit and vegetable servings
in in one of those days (10). An average number of fruit
and vegetable servings per day was then calculated by
using the information on the number of days fruits and
vegetables are eaten in a typical week and the number of
servings in one of those days.

The show-cards on typical fruits and vegetables and
serving sizes were developed and used when asking
questions on fruit and vegetable consumption. In addi-
tion, standard cups of different serving sizes were also
shown while asking the questions on the number of
servings.

Following the WHO/FAO recommendation, inade-
quate fruit and vegetable consumption in this study was
defined as consuming less than five servings (or 400
grams) of fruits and vegetables per day, and adequate
fruit and vegetable consumption was defined as consum-
ing five or more servings of fruits and/or vegetables per
day (3).

Statistical methods

Both descriptive and analytical statistics were carried
out using STATA 10 software (Stata Corporation).
Means, standard errors and proportions of variables of
interest, together with corresponding 95% confidence
interval (CI), were calculated. Multivariable logistic
regression analyses were performed to examine the
association between socio-demographic characteristics



LE

Table 1. Patterns of fruit consumption (95% CI) in nine HDSS sites by gender and age-groups

Bangladesh India Vietnam Indonesia Thailand
Consumption
patterns Matlab Mirsarai Abhoynagar WATCH Vadu Chililab Filabavi Purworejo Kanchanaburi
Mean number of days
Men
25-34 2.4 (2.2-2.7) 1.4 (1.2-1.6) 3.1 (2.8-3.9) 0.5 (0.4-0.7) 1.6 (1.5-1.7) 3.1 (2.8-3.5) 2.7 (2.5-3) 2.7 (2.5-2.9) 3.3 (3.1-3.6)
3544 2.2 (1.9-2.4) 1.2 (1-1.4) 2.7 (2.4-3) 0.4 (0.3-0.5) 1.6 (1.5-1.8) 3.2 (2.9-3.5) 2.3 (2-2.5) 2.4 (2.2-2.7) 2.9 (2.7-3.2)
45-54 1.6 (1.4-1.8) 0.9 (0.7-1.1) 2.6 (2.3-2.9) 0.4 (0.2-0.5) 1.5 (1.4-1.6) 3.1 (2.8-3.4) 2.6 (2.3-2.8) 2.5(2.3-2.7) 3.1 (2.8-3.4)
55-64 1.7 (1.5-1.9) 0.8 (0.6-1) 2.5 (2.2-2.8) 0.3 (0.2-0.4) 1.5(1.41.7) 3.2 (2.9-3.6) 2.7 (2.5-3) 2.3 (2.1-2.5) 2.9 (2.7-3.2)
Total 2.1 (2-2.2) 1.2 (1-1.3) 2.8 (2.6-2.9) 0.4 (0.4-0.5) 1.6 (1.5-1.7) 3.2 (3-3.3) 2.5 (2.4-2.7) 2.5 (2.4-2.6) 3.1 (2.9-3.2)
Women
25-34 1.3 (1-1.5) 1.2 (1-1.4) 2.7 (2.4-3) 0.6 (0.4-0.8) 1.7 (1.6-1.9) 4.2 (3.9-4.5) 2.9 (2.7-3.2) 3.4 (3.1-3.7) 4 (3.74.2)
3544 0.9 (0.7-1.1) 0.8 (0.6-0.9) 1.9 (1.7-2.2) 0.4 (0.3-0.6) 1.6 (1.5-1.8) 3.5 (3.2-3.9) 2.6 (2.4-2.8) 3.1 (2.9-3.4) 3.6 (3.4-3.9)
45-54 1.1 (0.8-1.3) 0.8 (0.6-1) 2.1 (1.8-2.4) 0.4 (0.3-0.5) 1.4 (1.3-1.5) 3.7 (3.4-4) 2.8 (2.6-3.1) 3.3 (3-3.5) 3.6 (3.3-3.8)
55-64 0.8 (0.6-1) 0.9 (0.71.1) 1.4 (1.2-1.6) 0.4 (0.3-0.6) 1.4 (1.3-1.5) 3.3 (2.9-3.6) 2.9 (2.6-3.1) 2.7 (2.5-3) 3.4 (3.1-3.7)
Total 1.1 (0.91.2) 0.9 (0.81) 2.2 (2-2.3) 0.5 (0.4-0.6) 1.6 (1.5-1.7) 3.7 (3.6-3.9) 2.8 (2.7-2.9) 3.1 (3-3.3) 3.7 (3.5-3.9)
Mean number of servings per day
Men
25-34 1.7 (1.6-1.8) 1.2 (1.1-1.3) 1.6 (1.5-1.8) 0.2 (0.1-0.2) 1.3 (1.2-1.3) 3.9 (3.64.2) 2.3 (2.1-2.5) 1.8 (1.7-1.9) 3.9 (3.6-4.3)
35-44 1.8 (1.7-1.9) 1.2 (1.1-1.3) 1.5(1.4-1.7) 0.1 (0.1-0.2) 1.1 (1.1-1.2) 3.8 (3.6-4.1) 2.1 (1.9-2.3) 1.7 (1.6-1.8) 3.5 (3.2-3.7)
45-54 1.7 (1.6-1.8) 1.2 (1-1.4) 1.5 (1.4-1.6) 0.1 (0.1-0.1) 1.3 (1.2-1.4) 3.8 (3.5-4.1) 2(1.8-2.2) 1.7 (1.6-1.8) 3.4 (3.1-3.7)
55-64 1.7 (1.6-1.8) 1.1 (1-1.1) 1.5 (1.4-1.6) 0.1 (0.1-0.2) 1.2 (1.1-1.3) 3.7 (3.44) 2 (1.8-2.1) 1.5 (1.5-1.6) 2.7 (2.5-3)
Total 1.7 1.7-1.8) 1.2 (1.1-1.3) 1.5 (1.5-1.6) 0.1 (0.1-0.2) 1.2 (1.21.2) 3.8 (3.7-4) 2.1 (2-2.2) 1.7 (1.6-1.7) 3.5 (3.3-3.6)
Women
25-34 1.5 (1.4-1.6) 1.2 (1.1-1.3) 1.4 (1.3-1.5) 0.1 (0.1-0.2) 1.3 (1.2-1.4) 4.1 (3.84.3) 2 (1.9-2.2) 1.7 (1.7-1.8) 3.8 (3.54.2)
3544 1.6 (1.5-1.7) 1.1 (1-1.2) 1.4 (1.3-1.5) 0.1 (0.1-0.1) 1.2 (1.1-1.3) 4.2 (3.9-4.4) 2(1.9-2.2) 1.7 (1.6-1.8) 3.3 (3-3.5)
45-54 1.8 (1.6-1.9) 1.1 (1-1.2) 1.4 (1.3-1.4) 0.1 (0.1-0.1) 1.2 (1.2-1.3) 4.2 (3.9-4.4) 2(1.8-2.2) 1.6 (1.6-1.7) 3.4 (3.1-3.6)
55-64 1.6 (1.5-1.8) 1.2 (1-1.3) 1.3 (1.2-1.4) 0.1 (0.1-0.1) 1.2 (1.1-1.3) 3.6 (3.4-3.9) 1.9 (1.7-2.1) 1.6 (1.5-1.6) 3.1 (2.8-3.4)
Total 1.6 (1.5-1.7) 1.1 (1.1-1.2) 1.4 (1.3-1.4) 0.1 (0.1-0.1) 1.2 (1.2-1.3) 41 (3.9-4.2) 2 (1.9-2.1) 1.7 (1.6-1.7) 3.4 (3.3-3.6)
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Table 2. Patterns of vegetable consumption (95% CI) in nine HDSS sites by gender and age

Bangladesh India Vietnam Indonesia Thailand
Consumption
patterns Matlab Mirsarai Abhoynagar WATCH Vadu Chililab Filabavi Purworejo Kanchanaburi
Mean number of days
Men
25-34 4 (4.2-4.6) 5.9 (5.7-6.1) 5.9 (5.8-6.1) 6.8 (6.7-6.9) 6 (2.5-2.8) 6.9 (6.8-7) 6.9 (6.8-6.9) 9 (4.7-5.1) 1(5.9-6.3)
35-44 4 (4.2-4.6) 6.1 (5.9-6.2) 6.1 (6-6.3) 6.8 (6.7-6.9) 5 (2.3-2.6) 7(7) 6.9 (6.8-7) 8 (4.6-5.1) 2 (6-6.4)
45-54 3 (4.1-4.5) 6.1 (5.9-6.3) 6 (5.9-6.2) 6.7 (6.6-6.8) 3 (2.1-2.5) 6.8 (6.7-6.9) 6.9 (6.9-7) 9 (4.6-5.1) 1(5.9-6.3)
55-64 4 (4.2-4.6) 6 (5.8-6.2) 6.2 (6.1-6.4) 6.7 (6.6-6.8) 3 (2.1-2.4) 6.9 (6.8-7) 6.8 (6.8-6.9) 5 (4.8-5.3) 8 (5.6-6.1)
Total 4 (4.3-4.5) 6 (5.9-6.1) 6.1 (6-6.2) 6.8 (6.7-6.8) 4 (2.4-2.5) 6.9 (6.9-7) 6.9 (6.8-6.9) 4.9 (4.8-5) 1(6-6.2)
Women
25-34 9 (3.64.2) 5.9 (6.7-6.1) 6.1 (5.9-6.2) 6.6 (6.5-6.8) 6 (2.4-2.8) 7 (6.9-7) 6.9 (6.8-7) 3 (5-5.5) 2 (6-6.4)
35-44 9 (8.74.2) 5.7 (6.5-5.9) 5.9 (5.7-6.1) 6.5 (6.4-6.7) 3 (2.2-2.4) 6.9 (6.9-7) 6.9 (6.9-7) 2 (5-5.4) 3 (6.2-6.5)
45-54 8 (3.54) 5.7 (6.5-5.9) 6 (5.8-6.2) 6.6 (6.4-6.7) 4 (2.2-2.5) 7 (6.9-7) 6.9 (6.9-7) 1(4.9-5.4) 2 (6-6.4)
55-64 3 (3-3.5) 5.5 (5.3-5.7) 5.8 (5.6-5.9) 6.6 (6.4-6.7) 3 (2.2-2.5) 7 (6.9-7) 6.9 (6.8-7) 7 (4.5-5) 6 (5.7-6.2)
Total 8 (3.74) 5.7 (5.6-5.8) 5.9 (5.9-6) 6.6 (6.5-6.7) 4 (2.3-2.5) 7 (6.9-7) 6.9 (6.9-6.9) 1(5-5.2) 6.2 (6.1-6.3)
Mean number of servings per day
Men
25-34 4 (3.2-3.6) 3.1 (3-3.3) 2.8 (2.7-3) 6 (1.5-1.6) 3(1.2-1.4) 7 (2.5-2.8) 4 (2.3-2.6) 7 (2.6-2.8) 3 (2.1-2.4)
35-44 4 (3.2-3.6) 3.1 (3-3.2) 2.7 (2.6-2.9) 5 (1.5-1.6) 3 (1.21.3) 6 (2.4-2.7) 5 (2.4-2.7) 8 (2.7-2.9) 4 (2.2-2.6)
45-54 4 (3.2-3.6) 3 (2.9-3.1) 2.7 (2.6-2.8) 4 (1.4-1.5) 3 (1.2-1.3) 7 (2.6-2.8) 4 (2.2-2.5) 8 (2.7-2.9) 3 (2.1-2.5)
55-64 2 (3-3.3) 2.8 (2.7-3) 2.6 (2.4-2.7) 3 (1.2-1.4) 2 (1.21.3) 7 (2.6-2.9) 3 (2.1-2.5) 7 (2.6-2.8) 1(2-2.3)
Total 4 (3.3-3.5) 3.1 (3-3.1) 2.7 (2.7-2.8) 1.5 (1.5-1.5) 1.3 (1.2-1.3) 7 (2.6-2.7) 4 (2.4-2.5) 2.8 (2.7-2.8) 2.3 (2.2-2.4)
Women
25-34 3.3 (3.1-3.6) 2.5(2.4-2.7) 2.3 (2.2-2.4) 1.1 (1-1.2) 3 (1.21.3) 5 (2.4-2.7) 3 (2.2-2.4) 9 (2.8-3.1) 2 (2-2.3)
35-44 3(2.8-3.2) 2.4 (2.3-2.5) 2.2 (2.1-2.3) 1(1-1.1) 3 (1.21.3) 6 (2.4-2.7) 5 (2.3-2.6) 8 (2.7-2.9) 2 (2.1-2.4)
45-54 2.8 (2.6-2.9) 2.3 (2.2-2.4) 2 (1.9-2.1) 1(1-1.1) 2 (1.21.3) 7 (2.6-2.8) 2 (2.1-2.4) 9 (2.7-3) 1(1.9-2.2)
55-64 2.4 (2.3-2.6) 2.1 (2-2.3) 1.8 (1.7-1.9) 9 (0.9-1) 2 (1.21.3) 7 (2.6-2.9) 1(2-2.3) 6 (2.5-2.8) 2(1.8-2.1)
Total 3 (2.9-3.1) 2.4 (2.3-2.5) 2.1 (2.1-2.2) 1(1-1.1) 3 (1.21.3) 6 (2.5-2.7) 3 (2.3-2.4) 8 (2.7-2.9) 2.1(2.1-2.2)
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the average amount of fruit women consumed per
day was slightly more than men (4.1 and 3.8 servings,
respectively).

Age differences in fruit consumption can also be seen
in six of the nine HDSS. Older men and women aged
55-64 years consumed fruit less frequently than younger
adults (25-54 years). On the other hand, in almost all
sites, the average number of servings of fruit per day did
not vary greatly across different age groups with the
exception of older women in Chililab and Kanchanaburi
and older men in South East Asian HDSSs who
consumed smaller amounts of fruit than the other age
groups.

As shown in Table 2, the adult population consumed
more vegetables than fruit in almost all sites. The average
number of days vegetables were consumed in a typical
week was higher than the average number of days fruit
was consumed in a typical week in all sites. Both men
and women in the two sites in Vietnam, Chililab, and
Filabavi, consumed vegetables every day, whereas in Vadu
HDSS in India, vegetables were consumed only 2.4 days
per week on average. The average number of vegetable
servings on the day when vegetables was consumed were
highest in Matlab (3.4 and 3 servings in men and women,
respectively), and lowest in Vadu and WATCH (1.3 and
1.5 servings among men and 1.3 and 1.1 servings among
women, respectively).

Gender differences in vegetable consumption were noted
in all four sites in Bangladesh where men consumed more
vegetables, both in quantity and frequency, than women.
Age difference in quantity and frequency of vegetable
consumption can also be observed in many sites. The
oldest women in six sites and the oldest men in Vadu and
Kanchanaburi consumed vegetables less often than the

other adults. They also, on the whole, consumed smaller
quantity of vegetables than the younger age groups.

The prevalence of inadequate fruit and vegetable
consumption (less than five servings of fruits and
vegetables per day) was high in seven sites, as shown in
Table 3 and Fig. 1. In two sites, one in Bangladesh
(WATCH) and one in India (Vadu), virtually no one
consumed sufficient amount of fruits and vegetables. The
highest proportion of adequate fruit and vegetable
consumption was observed in Chililab.

The multivariable logistic regression models were con-
structed to further analyse the association between
inadequate fruit and vegetable consumption and socio-
demographic characteristics of the adult population.
Since the proportions of inadequate fruit and vegetable
consumption were 100% in WATCH and Vadu, these were
excluded in the models. Table 4 shows the association
between gender, age, and education with inadequate fruit
and vegetable consumption. Men in Chililab, Purworejo,
and Kanchanaburi had higher odds of inadequate fruit
and vegetable consumption compared to women, in
contrast to men in Mirsarai and Abhoynagar who had
lower odds. In addition, the oldest population aged 55-64
years in Matlab, Abhoynagar, and Kanchanaburi as well
as the less educated adults in Matlab, Chililab, Filabavi,
Purworejo, and Kanchanaburi had higher odds compared
to the youngest adults aged 25-34 years and the more
educated adults, respectively.

Discussions

This multi-site study examines the pattern of fruit and
vegetable consumption and the relationships with socio-
demographic characteristics of adult population in nine,
largely rural, sites in Asia, and inadequate consumption
of fruits and vegetables. This low consumption pattern,

Prevalence of low fruit and vegetable intake (%) in nine Asian HDSSs
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Matlab Mirsarai Abhoynagar WATCH

Bangladesh

Vadu Chililab Filabavi

India Vietnam

® Men ®Women
100100
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Purworejo |Kanchanaburi

Indonesia Thailand

Fig. 1. Prevalence of population with low fruits and vegetables consumption.
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Table 4. Logistic regression of demographic variables on inadequate fruit and vegetable consumption (95% CI) in nine HDSS sites

Thailand

Indonesia

Vietnam

India

Bangladesh

Purworejo Kanchanaburi

Filabavi

Chililab

Vadu

WATCH

Mirsarai Abhoynagar

Matlab

Variables

Sex

0.97 (0.74-1.27) 2.07 (1.47-2.9) 1.29 (1.05-1.57)

1.44 (1.2-1.72)

0.43 (0.26-0.7) 0.27 (0.17-0.41)

0.82 (0.6-1.11)

Men
Women

Age groups (years)

25-34
35-44
45-54
55-64

1

1.28 (0.97-1.7)

0.99 (0.63-1.54)
0.77 (0.49-1.21)

0.83 (0.57-1.19)
1.09 (0.74-1.6)
1.24 (0.82-1.85)

1.08 (0.84-1.39)

1.38 (0.85-2.24)
1.11 (0.7-1.78)
1.94 (1.14-3.31)

1.03 (0.56-1.9)
1.41 (0.72-2.75)

1.07 (0.57-2)

1.21 (0.82-1.8)
1.24 (0.83-1.85)
1.59 (1.03-2.46)

1.12 (0.84-1.5)
1.72 (1.28-2.33)

1.2 (0.94-1.54)

1.24 (0.73-2.12)

1.1 (0.85-1.43)

Highest education levels

1.31 (0.79-2.18) 4.25 (2.47-7.31) 1.9 (1.36-2.68)

2.92 (2.06-4.13)

0.94 (0.4-2.21) 0.98 (0.48-2)

(1.33-3.32)

21

No schooling and not graduated from

primary school
Graduated from primary school

1.84 (1.35-2.52)
1.28 (0.84-1.95)

2.55 (1.67-3.88)
2.42 (1.48-3.97)

1.48 (0.94-2.33)
1.44 (1.01-2.06)

2.44 (1.86-3.21)
1.98 (1.62-2.42)

1.81 (0.66-4.95)
0.72 (0.35-1.49)

1.01 (0.34-2.96)
0.64 (0.27-1.51)

0.97 (0.62-1.53)
0.68 (0.37-1.25)

1

Graduated from secondary school

Graduated from high school or uni-

versity

Fruit and vegetable consumption in rural Asian INDEPTH HDSS

particularly fruit consumption, in these Asian popula-
tions was also demonstrated in the World Health Survey
(5). This result is consistent with other studies which have
examined population levels of fruit and vegetable intake
in countries as diverse as the USA, Brazil, sub-Saharan
countries, and India where consumption of fruits and
vegetables has been measured separately (11-13). Fruit is
generally more expensive than vegetables and other
common foods and this is reflected in the fact that people
with higher income, are more likely to incorporate fruit in
their diet (14).

The prevalence of inadequate fruit and vegetable
consumption, defined as less than five servings a day,
was high in all study sites, except for Chililab HDSS
in Vietnam and Kanchanaburi HDSS in Thailand, a
poor outcome compared with wealthier countries (15—
18). Low fruit and vegetable consumption may be due
to the nutrition transition in these countries. Over the
past two decades, there is increasing evidence that the
structure of dietary intake in low and middle income
countries has been changing at an increasingly rapid
pace. There are also major changes in personal and
family lifestyles regarding food intake patterns. Eating
patterns in Asia have shifted from a traditional Asian
diet — cereal-based and low fat — to a more westernised
diet high in animal meats, fats, sugar and refined foods
and low in fiber, fruits and vegetables (19-24). Another
explanation could be related to availability and accessi-
bility of fruits and vegetables; the sites where fruits and
vegetables consumption was more favorable were less
rural than the other sites; Chililab is mainly peri-urban
area and Kanchanaburi includes several urban areas in its
catchment population. The results from previous studies
and observations in HDSS can be used to explain this
finding. The expansion and increasing sophistication of
retail marketing together with the large number of local
markets, has provided a steady, affordable supply of fruits
and vegetables in many urban areas (12, 25). On the
contrary, availability and access to fruit and vegetable
supplies for people living in rural areas is much more
limited. Not all farmers grow vegetables or fruit trees for
home consumption and even for those who do, only few
varieties were usually grown; production is mainly cash
crops for export and sale. Thus, fruits and vegetables may
be available only in some seasons, not all year round (21,
22). In addition, local markets in rural areas are more
restricted in the variety of fruits and vegetables available
for purchase (12, 25).

The rural disadvantage in access to fresh fruits and
vegetables also relates to income. Low-income groups of
the rural population suffer issues of affordability as well
as availability and access to fruits and vegetables; the cost
of fruits and vegetables is related to store-types; they tend
to be cheaper in supermarkets and larger markets than
smaller local food stores or markets. When the cost of
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individual travel to the stores is included, this may also
result in the perception that fruits and vegetables are
more expensive. Cheap sources of energy such as grains
and starchy staples become the staple diet. Once they
have satisfied their basic energy needs, households start
diversifying their diets by including animal source
foods, dairy products and only then, fruit and vegetable
consumption. Furthermore, different psychosocial,
cultural and livelihood factors, such as food culture,
nutrition knowledge, dietary attitudes, food habits, life-
style choices, cooking skills, and level of farm activities in
different study sites can also affect different levels of fruit
and vegetable consumption (12, 26).

The results also indicate that women are more likely
than men to have an inadequate fruit and vegetable
consumption, although there were notable exceptions in
three Southeast Asian sites (Chililab HDSS in Vietnam,
Kanchanaburi HDSS in Thailand, and Purworejo HDSS
in Indonesia). This suggests that gender also plays a role
in food patterns, possibly related to broader cultural
differences within the sub-regions included for study.
Studies in other countries, in contrast, shows that women
tend to consume more fruits and vegetables than men (5,
13, 15, 16, 27, 28) and researchers have attributed this
phenomenon to women’s awareness and willingness to
follow a healthy diet. Our results suggest that men in
South Asian HDSSs consumed fruits and vegetables
more often than women, and these results are consistent
with the findings from national representative survey in
India (25). Lower intake of fruits and vegetables in
women may be related to the dominant cultural concepts
and their relationship with sex roles in the society (27). In
addition, this study confirms other studies which identify
that older and less educated adults in society are those
who were more likely to consume fruits and vegetables
inadequately (6, 12, 15-17, 27, 28).

In conclusion, effective policies, programmes, and
initiatives to promote adequate consumption of fruits
and vegetables in the population are urgently needed,
given the high prevalence of population who consume
less than the minimum recommended five daily servings
of fruits and vegetables. Information on health benefits of
sufficient fruit and vegetable consumption should be
widely disseminated. Behavioural change communication
programmes to promote fruit and vegetable consumption
should be based on local knowledge regarding the
demographic, cultural, and psychosocial factors that
affect consumer choices. These should focus on translat-
ing accurate and useful information to consumers about
the health benefits of sufficient fruit and vegetable
consumption. Government policies to support availabil-
ity, affordability, and accessibility are also urgently
required.
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