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Abstract
The aims of the present study were to provide nationally representative data on fruit and vegetable consumption in Vietnam, and to assess the
accuracy of the reported numbers of ‘standard servings’ consumed. Data analysed were from a multi-stage stratified cluster survey of 14 706
participants (46·5% males, response proportion 64·1%) aged 25− 64 years in Vietnam. Measurements were made in accordance with the
WHO STEPwise approach to surveillance of non-communicable diseases (STEPS) protocols. Approximately 80% of Vietnamese people
reported having less than five servings of fruit and vegetables daily in a typical week. Fruit and vegetable intake reported in ‘standard serving’
sizes was positively correlated with levels of education completed and household income (P< 0·001 for trend). The correlations between
summary values for each province reflect some known demographic, geographical and climatic characteristics of the country. For example,
provinces at higher latitude had higher mean servings of vegetables (r 0·90), and provinces with higher proportions of urban population had
higher mean servings of fruit (r 0·40). In conclusion, about eight in ten Vietnamese people aged 25–64 years did not meet WHO
recommendations for daily consumption of at least five servings of fruit and vegetables. On the basis of the consistency of the data collected
with other estimates and with physical and demographic characteristics of the country, the WHO STEPS instrument has construct validity for
measuring fruit and vegetable intake, but with two issues identified. The issues were seasonal variation in reporting and a limitation on the
usefulness of the information for associative analyses.
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Low fruit and vegetable consumption was among the top 20 risk
factors contributing to the global burden of disease in 2010(1).
Inadequate intake of fruit and vegetables was estimated to be
responsible for nearly 14% of gastrointestinal cancer, 11% of
ischaemic heart disease, 9% of stroke deaths and approximately
3% of overall mortality worldwide(2). Global data show that
more than three-quarters of the world population consume less
than the WHO recommendation of at least five servings of fruit
and vegetables per day(3). Rapid urbanisation, rising incomes
and an increase in fast food consumption have reportedly led to
a decreased consumption of fruit and vegetables in developing
countries(4).
Common methods used to assess food consumption include

dietary records, 24-h dietary recall, FFQ and dietary history(5,6).
However, using these instruments can be time-consuming and
unwarranted in situations that do not require assessment
of the total diet. Many brief dietary instruments for assessments

of specific dietary components, such as fruit and vegetables,
have been developed for use in population surveillance
to monitor national and regional trends in consumption over
time, and to evaluate interventions intended to modify intake
for the primary prevention of chronic diseases(5,6). Brief
questions have been shown to provide a valid measure of fruit
and vegetable intake(7). Two simple questions on fruit and
vegetable consumption were used in the World Health
Survey(3), and four simple questions were included in the ‘WHO
STEPwise approach to surveillance of non-communicable
diseases (NCD)’ (STEPS) questionnaire to collect information
on the number of standard servings of fruit and vegetables
per day in a typical week(8). A ‘standard serving’ size was used
to standardise measurement because validation studies of
brief instruments in the USA suggested that actual fruit and
vegetable intake was underestimated without portion size
adjustments(9–11).

Abbreviation: STEP, STEPwise approach to surveillance of non-communicable diseases.
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In Vietnam, information on fruit and vegetable intake has
been reported in a national nutrition survey(12) conducted
during 2009/2010 using the 24-h recall method. The STEPS
questionnaire has been used to collect fruit and vegetable data
in studies conducted in the cities of Hanoi(13) and Can Tho(14) in
2005, but the validity of this instrument has not been tested.
Taking advantage of the data from a nationally representative

survey of NCD risk factors, the principal aim of this study was to
provide national estimates of fruit and vegetable consumption
in Vietnam. The secondary aim was to investigate whether
or not the four simple questions used to measure fruit and
vegetable intake reported in ‘standard serving’ sizes have
evidence of construct validity.

Methods

Study design and participants

The data used for this analysis were from a population-based
survey of risk factors for NCD in Vietnam in 2009/2010 that was
designed in accordance with the STEPS methodology(8). Eligible
subjects were persons aged 25–64 years living at a residential
address in each selected commune, town or city ward of eight
provinces (Thai Nguyen, Hòa Bình, Hanoi, Hue, Binh Dinh,
Đak Lak, Ho Chi Minh City and Can Tho), each representative
of one of the eight geographical regions of Vietnam. The
two-stage sampling procedure involved selecting twenty
clusters (communes, towns and city wards) from each of the
eight geographically representative provinces with probabilities
proportional to population size from four strata defined by
urban–rural location and rich–poor classification. For each
selected cluster, the provincial health authority prepared a
comprehensive listing of residents aged 25–64 years. From
those lists, persons were selected by age and sex-stratified
random sampling. Of the 22 940 eligible subjects aged
25–64 years, 14 706 participated (response proportion 64·1%).
The details have been presented elsewhere(15). The protocol of
this survey was approved by the Ethics Committee of the
Vietnam Ministry of Health and the Tasmanian Health and
Medical Human Research Ethics Committee. Informed consent
was obtained from participants.

Measurements

Information on fruit and vegetable consumption was collected
using four simple questions included in the WHO STEPS
questionnaire(8). The questionnaire was translated into
Vietnamese and back-translated by independent translators to
ensure that the appropriate meaning of each item was retained.
Face-to-face interviews were conducted with participants by
trained staff of each provincial health authority. The participants
were asked about the number of days they usually ate fruit, and
the number of days they usually ate vegetables (excluding root
plants), in a typical week and how many ‘standard serving’ sizes
they usually ate of each on those days. A ‘standard serving’ size
of vegetables was defined as a cup of raw vegetables, a half cup
of cooked or chopped raw vegetables or half cup of vegetable
juice. A ‘standard serving’ size of fruit was defined as a piece of
whole of fruit, a half cup of cooked, chopped or processed

fruit or half cup of fruit juice. These quantities are assumed to
correspond to 80 g(8). For translation in field work, we referred
to bowls of the type commonly used in Vietnam rather than
cups. Visual aids (show-cards) depicting a ‘standard serving’
size of twelve different types of fruit and seventeen different
vegetables were used to facilitate interviewing(8). Measurements
of socio-demographic characteristics, other behavioural risk
factors and body size/fatness, including weight, height, and
waist and hip circumference, were made according to the
standardised STEPS procedures(8). BMI was calculated as
weight height2 and categorised as under-weight, normal
weight, overweight and obese according to cut-off points for
Asian populations(16).

Data analysis

The daily consumption of fruit and vegetables was estimated
separately for fruit and for vegetables by multiplying the typical
weekly frequency of consumption of fruit and vegetables by the
number of servings consumed per day and dividing it by seven.
Low fruit and vegetable intake was defined as consuming less
than five servings of fruit and vegetables per day(8). Non-
missing data were re-weighted to account for missing data(17).

For individual-level analyses, linear regression was used to
estimate adjusted means of standard servings of fruit and
vegetables consumed, and Poisson regression with robust
standard errors(18) was used to estimate adjusted prevalence
and ratios of prevalence of having at least five servings at dif-
ferent levels of socio-demographic factors. Tests of trend were
undertaken by replacing multiple binary (0/1) covariates for the
socio-demographic factors with a single ordinal covariate.
Partial Pearson’s correlation coefficients were used to assess the
associations between fruit/vegetable intake and body size/
fatness. Age, income and alcohol consumption were adjusted
for in each analysis. Other factors investigated as potential
confounders were education, tobacco smoking and physical
activity. χ2 Analysis was used to compare distributions of fruit
and vegetable intake. The analyses were performed using
complex survey methods provided by Stata version 12.0.

At the aggregate level, Pearson’s correlation coefficients were
used to summarise the associations between aggregate
measures of fruit and vegetable consumption for each province
(e.g. the provincial proportions of persons meeting the WHO
recommendations for consuming at least five servings of fruit
and vegetables daily)(19) and its demographic, geographical and
climatic characteristics (including the proportion of each
provincial population living in areas classified as urban). Wet
season and dry season were defined as months with average
rainfall >60mm and ≤60mm, respectively(20).

Construct validity of the STEPwise approach to surveillance
of non-communicable diseases questionnaire for measuring
fruit and vegetable intake

Construct validity is the degree to which a measured quantity
represents the theoretical construct that it purports to measure.
Its evaluation requires examination of correlations of the
measure with other quantities that are known, or are expected
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on theoretical grounds, to be related to the construct. In this
study, the collected data were used as the reference for verifying
the construct validity. To do this, we required our national esti-
mates to be consistent with other estimates for Vietnam and
generally similar to estimates for other countries of the region, our
provincial estimates to reflect climatic conditions (average
monthly rainfall and temperature) that favour vegetable growing
in the north and rice growing in the south and to have a seasonal
pattern (dry and wet) mirroring the harvest cycle and our
individual-level estimates to vary directly with markers of avail-
ability (urban and rural areas) of and capacity (monthly house-
hold income) to pay for fruit and vegetables and inversely with
health-related indicators of poor diet (body size and fatness).

Results

Characteristics of the sample

Table 1 presents selected characteristics of participants, strati-
fied by sex. Approximately 70% of the sample lived in rural
areas. Men had higher proportions of high-school completions,
and were more active than women. Three in four men were
tobacco smokers and two in five were hazardous/harmful
drinkers. These behaviours were rare among women. However,
mean levels of BMI, waist circumference, waist:hip ratio (WHR),
number of days when respondents consumed fruit and
vegetables, number of daily servings of fruit, vegetables and fruit
and vegetables combined, and the proportions of participants
meeting the WHO recommendations were generally similar
between men and women. Both men and women consumed
vegetables almost every day in a typical week, whereas fruit was
consumed on only 3·2d (men) and 4·0d (women). On average,
approximately 0·9 servings of fruit and 2·3 servings of vegetables
were consumed daily, with no meaningful differences across
sexes. Participants living in the northern provinces (Thai Nguyen,
Hòa Bình and Hanoi) had significantly higher intake of
vegetables, and of fruit and vegetables combined, than did those
in the southern provinces (Ho Chi Minh City and Can Tho)
(online Supplementary Table S1).
Estimated proportions of the Vietnamese population meeting

the daily recommended intake levels of fruit and vegetables are
depicted in Fig. 1. The proportions of respondents having daily
consumption of at least two servings of fruit and three servings of
vegetables were 16·7 and 32·2%, respectively. In all, <20% of
respondents reported having at least five servings of fruit and
vegetables per day in a typical week. These estimates were similar
for men and women (data not shown). The frequency distribution
of the number of servings of fruit and of vegetables in each region
of the country was similar for men and women. Online Supple-
mentary Fig. S1 shows this for fruit and vegetable consumption in
the three northern-most and two southern-most provinces. The
differences by sex for each food type (fruit, vegetables) and in
each region are statistically significant (P<0·001) in this large
sample, but they are less pronounced than the differences
between food types and regions, and in most cases were minor
and not statistically significant within strata of BMI, indicating that
men and women with the same body size in each region ate
similar quantities of fruit and vegetables.

Table 1. Characteristics of subjects
(Weighted percentages and unweighted number in this category/unweighted
total number; mean values and standard deviations)

Men Women

Characteristics % n/N % n/N

Age (years)
Mean 40·5 41·1
SD 10·2 10·5

Minority ethnicity (Non-Kinh) 5·8 1161/6787 5·4 1283/7889
Rural residential area 70·2 4434/6804 69·2 5079/7902
Education completed

Less than high school 71·0 4929/6785 75·9 6213/7885
High school+ 29·0 1856/6785 24·1 1672/7885

Monthly household income*
<20 USD 15·4 1214/5803 14·9 1479/6595
20–39 USD 20·9 1452/5803 22·2 1641/6595
40–59 USD 23·4 1164/5803 22·7 1322/6595
60–79 USD 8·5 514/5803 8·1 523/6595
80+ USD 31·8 1459/5803 32·1 1630/6595

Smoking status
Never smoker 25·1 1723/6782 97·4 7551/7886
Ex-smoker 17·2 1347/6782 0·9 101/7886
Current non-daily smoker 2·8 166/6782 0·1 12/7886
Current daily smoker 54·9 3546/6782 1·7 222/7886

Alcohol consumption†
Low 59·3 4147/6804 97·4 7643/7902
Hazardous 16·6 1104/6804 1·8 189/7902
Harmful 24·1 1553/6804 0·9 70/7902

Physical activity‡
Low 27·2 1435/6786 31·1 1811/7878
Moderate 20·8 1298/6786 27·8 1937/7878
High 52·0 4053/6786 41·1 4130/7878

Fruit intake
Days per week

Mean 3·4 4·0
SD 2·5 2·5

Servings per day
Mean 0·8 0·9
SD 0·9 0·9

Vegetable intake
Days per week

Mean 6·2 6·4
SD 1·7 1·5

Servings per day
Mean 2·3 2·3
SD 1·6 1·4

Fruit and vegetable intake
Servings per day

Mean 3·2 3·2
SD 2·0 1·9

≥5 servings/d 18·3 1117/6708 18·2 1416/7816
Body size and fatness

BMI (kg/m2)
Mean 21·5 21·5
SD 3·1 3·0

Waist (cm)
Mean 74·9 72·0
SD 8·9 8·6

Waist:hip ratio
Mean 0·9 0·8
SD 0·1 0·1

MET, metabolic equivalent.
* Monthly household income per adult member (USD).
† Hazardous drinking: ≥4 standard drinks (men) and ≥2 standard drinks (women)

per drinking occasion during the last year; harmful drinking: ≥6 standard
drinks (men) and ≥4 standard drinks (women) per drinking occasion during the
last year.

‡ Low: <600MET-min/week; moderate: 600− 3000MET-min/week; high: >3000MET-
min/week.
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Individual-level analyses

Table 2 presents estimated associations between fruit and
vegetable consumption and socio-demographic factors. Over-
all, respondents with higher levels of education and household
income, and those living in urban areas, reported more con-
sumption of fruit and of vegetables than those living in rural
areas. Educational status, household income and residential
area independently predicted both fruit consumption and
vegetable consumption (online Supplementary Table S3).
Estimated associations of fruit and vegetable intake with body

size/fatness are presented in Table 3. Consumption of fruit,
vegetables or fruit and vegetables combined was positively and
significantly correlated with BMI, waist circumference and WHR
for both men and women. There were stronger correlations of
fruit and vegetable indicators with body size/fatness for
women. Rank correlation coefficients were generally similar to
Pearson’s correlation coefficients (data not shown).

Aggregate-level analyses

The correlations between summary values of fruit/vegetable
indicators and socio-demographic, geographical and climatic
factors of each province are summarised in Table 4. Provincial
mean servings of fruit, vegetables and fruit plus vegetables were
correlated with proportions of urban population and with the
latitude and climate of each province. The relatively low
vegetable consumption and relatively high fruit consumption in
the highly urbanised southern-most provinces of Can Tho and
Ho Chi Minh City, and the relatively high vegetable consump-
tion in the more temperate northern provinces (Thai Nguyen,
Hanoi and Hòa Bình), were influential in producing these
associations. They are depicted in online Supplementary
Fig. S2.

The summary values were inversely associated with the
proportion of respondents interviewed in the wet season. This
brought into question the seasonal timing of the survey. Overall,
92·1% (12 924/14 706) of respondents were interviewed in the
wet season. For five provinces, we were able to compare fruit/
vegetable intake for those interviewed in the wet season and
those in the same province interviewed in the dry season. The
proportions of interviews conducted in the wet season for Hòa
Bình, Hanoi, Binh Dinh, Đak Lak and Can Tho were 97·0%
(1758/1902), 93·8% (1566/1643), 45·6% (772/1911), 88·8%
(1509/1809) and 90·3% (1592/1714), respectively. The mean
servings of fruit in these five provinces were 0·83 (wet season)
and 0·80 (dry season) (P= 0·249). The mean servings of vege-
tables were 2·29 (wet season) and 2·09 (dry season) (P= 0·007).
The results of re-scaling the dry season values for fruit/vege-
tables to have the same median in each age, sex and urban/
rural stratum as the wet season values are shown in the online
Supplementary Table S2. The impacts were negligible on the
national estimates, but of consequence for the estimates for
provinces in which respondents were interviewed in the
dry season.

Discussion

One of the main findings of the present study is that Vietnamese
people consume on average 0·87 servings of fruit and 2·29
servings of vegetables/d, with <20% of Vietnamese people
aged 25–64 years meeting the WHO recommendations for a
daily consumption of at least five standard servings of fruit and
vegetables. The overall findings are broadly consistent with
previous studies(12,21). Our mean servings of fruit and of vege-
tables were a little higher than, but generally similar to, the
results of a national nutrition survey conducted in Vietnam
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Fig. 1. Estimated proportions of the Vietnamese population consuming fruit and vegetables per d in a typical week. , <1 serve; , 1–1·9 serves; , 2–2·9 serves;
, 3–3·9 serves; , 4–4·9 serves; , 5 + serves.
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Table 2. Factors associated with mean daily servings of fruit and vegetables and with the proportion of the population having at least
five servings of fruit and vegetables per day
(Mean values and 95% confidence intervals; weighted percentages and unweighted number of respondents/total number of
respondents in this category; prevalence ratio (PR) and 95% confidence interval)

Fruit Vegetables ≥5 servings*

Mean 95% CI Mean 95% CI % n/N PR 95% CI

Men
Age group

25−34 years 0·85 0·77, 0·93 2·31 2·19, 2·42 17·6 225/1406 1·00
35−44 years 0·81 0·74, 0·89 2·36 2·25, 2·47 19·7 295/1643 1·12 0·88, 1·42
45−54 years 0·78 0·72, 0·84 2·34 2·21, 2·47 17·6 285/1769 1·00 0·78, 1·28
55−64 years 0·83 0·76, 0·90 2·24 2·14, 2·35 17·8 312/1890 1·01 0·80, 1·28
Ptrend 0·321 0·787 0·983

Ethnicity†
Kinh 0·82 0·77, 0·86 2·32 2·25, 2·38 18·2 944/5551 1·00
Non-Kinh 0·91 0·76, 1·06 2·52 2·23, 2·81 19·7 169/1140 1·08 0·77, 1·52
P 0·243 0·176 0·551

Residential areas†
Urban 0·94 0·88, 0·99 2·28 2·18, 2·37 20·9 478/2344 1·00
Rural 0·77 0·72, 0·83 2·34 2·27, 2·42 17·1 639/4364 0·82 0·70, 0·96
P <0·001 0·289 0·013

Education levels†
<Primary 0·62 0·51, 0·72 1·96 1·85, 2·08 11·1 102/1021 1·00
Primary 0·71 0·64, 0·78 2·21 2·07, 2·35 15·4 225/1802 1·39 0·94, 2·06
Secondary 0·83 0·76, 0·89 2·28 2·17, 2·39 16·7 335/2026 1·51 1·13, 2·01
Senior secondary 0·94 0·85, 1·04 2·50 2·32, 2·68 21·3 187/933 1·92 1·39, 2·66
College/university + 1·12 1·04, 1·19 2·84 2·63, 3·05 31·2 268/907 2·82 2·07, 3·84
Ptrend <0·001 <0·001 <0·001

Monthly income†‡
<20 USD 0·60 0·51, 0·69 2·00 1·88, 2·13 9·6 141/1199 1·00
20−40 USD 0·82 0·72, 0·91 2·22 2·10, 2·34 15·0 209/1440 1·57 1·15, 2·14
41−60 USD 0·78 0·71, 0·85 2·47 2·30, 2·65 18·5 191/1149 1·94 1·38, 2·74
61−80 USD 0·85 0·71, 0·98 2·27 2·08, 2·47 15·9 95/505 1·68 1·10, 2·56
81 + USD 1·02 0·94, 1·10 2·82 2·70, 2·94 28·4 379/1443 3·00 2·20, 4·09
Ptrend <0·001 <0·001 <0·001

Women
Age group

25−34 years 0·96 0·89, 1·03 2·31 2·20, 2·42 19·3 322/1731 1·00
35−44 years 0·95 0·88, 1·01 2·27 2·17, 2·37 18·8 366/1912 0·98 0·78, 1·22
45−54 years 0·86 0·80, 0·92 2·22 2·11, 2·32 16·9 389/2120 0·87 0·71, 1·08
55−64 years 0·85 0·79, 0·91 2·11 2·01, 2·22 16·4 339/2053 0·85 0·68, 1·06
Ptrend 0·006 0·021 0·093

Ethnicity†
Kinh 0·92 0·88, 0·95 2·23 2·18, 2·29 18·1 1129/6535 1·00
Non-Kinh 0·92 0·82, 1·02 2·63 2·34, 2·92 20·2 283/1268 1·10 0·81, 1·50
P 0·976 0·007 0·435

Residential areas†
Urban 1·19 1·14, 1·25 2·28 2·22, 2·35 24·8 667/2801 1·00
Rural 0·80 0·75, 0·84 2·24 2·16, 2·31 15·3 749/5015 0·62 0·53, 0·72
P <0·001 0·385 <0·001

Education levels†
<Primary 0·61 0·54, 0·68 1·87 1·78, 1·95 8·8 198/2124 1·00
Primary 0·82 0·76, 0·88 2·18 2·09, 2·28 14·4 307/2083 1·64 1·17, 2·30
Secondary 0·96 0·88, 1·05 2·40 2·28, 2·52 18·9 389/1928 2·15 1·58, 2·94
Senior secondary 1·19 1·10, 1·27 2·42 2·27, 2·57 26·5 212/843 3·03 2·13, 4·32
College/university + 1·39 1·28, 1·51 2·70 2·54, 2·86 36·1 308/821 4·14 3·12, 5·50
Ptrend <0·001 <0·001 <0·001

Monthly income†‡
<20 USD 0·61 0·55, 0·68 2·09 1·96, 2·21 10·1 215/1467 1·00
20−40 USD 0·70 0·65, 0·76 2·15 2·05, 2·25 12·4 229/1623 1·24 0·91, 1·69
41−60 USD 0·89 0·82, 0·96 2·32 2·18, 2·47 18·6 243/1317 1·86 1·39, 2·49
61−80 USD 1·04 0·93, 1·15 2·32 2·17, 2·48 18·7 109/517 1·87 1·29, 2·72
81 + USD 1·25 1·18, 1·32 2·61 2·50, 2·72 28·7 477/1626 2·89 2·16, 3·86
Ptrend <0·001 <0·001 <0·001

* ≥5 servings of fruit and vegetables/d in a typical week.
† Ethnicity, residential areas, education levels and income are adjusted for age.
‡ Monthly household income per adult member.
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during 2009/2010(12), which reported values of daily con-
sumption approximately 60 g (0·75 servings) of fruit and 157 g
(1·97 servings) of vegetable leaves (no cruciferous, marrow,
stems, allium or root plants). Our estimated proportions of
respondents meeting dietary recommendations were lower
than the results of a national survey conducted in Thailand in
2004 (25·4% of men, 27·7% of women)(21), and a little lower
than those reported in a pooled analysis of fifty-two mainly
developing countries (22·4% of men, 21·6% of women)(3). The
proportions of the population reaching the recommended
greater than or equal to two servings for fruit were lower, but
the proportions of the population meeting the recommended
greater than or equal to three servings of vegetables were
higher, than those reported in the Thai survey(21). Our estimated
proportions of participants consuming at least five servings of
fruit and vegetables for the sub-sample of Hanoi (25·8% of
men, 28·9% of women) were lower than those from a previous

survey conducted in 2005 in Chililab community of Hanoi
(36·5% of men, 42·5% of women), but higher than those from
another survey conducted in FilaBavi community of Hanoi
(13% of men, 13% of women)(13). Our estimated proportions
for the Can Tho sub-population (14·4% of men, 12·4%
of women) were lower than those from a previous survey
conducted in Can Tho in 2005 (30·2% of men, 26·5%
of women)(14).

Between-country differences in urbanisation were postulated
to be a possible contributor to the variation in the country-
specific proportions of participants meeting the WHO
recommendations in the pooled analysis of fifty-two mainly
developing nations(3). We found considerable variation in
proportions of respondents meeting dietary recommendations,
but between the provinces of a single country (online
Supplementary Table S2). The present findings showed that the
proportions of respondents reaching the WHO recommenda-
tions were high in the highly urbanised provinces of Hanoi and
Can Tho. Our aggregate-level analyses supported this point.
Within-province differences in urbanisation were also sug-
gested as a potential explanation for the different estimates of
proportions of participants meeting dietary recommendations in
Chililab and FilaBavi communities of Hanoi(13). A second
source of heterogeneity is differences in timing of the surveys
given seasonal availabilities of fruit and vegetables. It is well
known that fruit and vegetable consumption patterns display
seasonal variability, with higher consumption in the harvest
season (the wet season in the present study)(22). Our survey
conducted in Can Tho was mainly in the dry season (March to
August), whereas the 2005 Can Tho survey(14) – which pro-
duced higher estimates – was conducted in the wet season (July
to November). Even though the Chililab and FilaBavi surveys(13)

and our survey were all conducted in Hanoi at a similar time
(June to November), the seasonal impacts on reporting may be
variable because monthly rainfall in Hanoi, and the availability
of fruit and vegetables, varies substantially from year to year.

The individual-level associations between fruit/vegetable
intake and place of residence, education and income are in line
with the findings of previous surveys in other developing
countries(3,13,21,23,24). First, reported servings of fruit, fruit plus
vegetables and proportions of participants meeting the WHO

Table 3. Correlation of self-reported mean daily servings of fruit and
vegetables, and the proportion of the population having at least five
servings of fruit and vegetables daily, with body size and fatness

Partial Pearson’s correlations†

Men Women

BMI (kg/m2)
Fruit‡ 0·067*** 0·111***
Vegetables‡ 0·052*** 0·060***
Fruit and vegetables‡ 0·062*** 0·100***
≥5 servings§ 0·026* 0·084***

Waist (cm)
Fruit‡ 0·069*** 0·153***
Vegetables‡ 0·066*** 0·086***
Fruit and vegetables‡ 0·074*** 0·135***
≥5 servings§ 0·024 0·123***

Waist:hip ratio
Fruit‡ 0·039** 0·092***
Vegetables‡ 0·042** 0·060***
Fruit and vegetables‡ 0·047*** 0·088***
≥5 servings§ 0·013 0·084***

* P<0·05, ** P<0·01, *** P<0·001.
† Partial Pearson’s correlation adjusted for age, income and alcohol consumption.
‡ Number of servings per day in a typical week.
§ ≥5 servings of fruit and vegetables/d in a typical week.

Table 4. Correlations of the summary measures of fruit and vegetable consumption from eight provinces with their provincial mean values of the
demographic, geographical and climatic factors (n 8)

Men Women

Fruit† Vegetables† Fruit and vegetables† ≥5 servings‡ Fruit† Vegetables† Fruit and vegetables† ≥5 servings‡

Urban population§ 0·30 –0·31 –0·14 0·24 0·54 –0·37 –0·14 0·20
Latitude|| 0·22 0·92* 0·80* 0·54 0·05 0·90* 0·78* 0·58
Annual rainfall¶ –0·09 0·27 0·18 0·30 –0·29 0·18 0·06 0·19
Average temperature†† 0·20 –0·43 –0·27 0·05 0·21 –0·48 –0·34 –0·12
Wet season‡‡ 0·44 0·26 0·36 0·40 0·58 0·33 0·46 0·52

* P<0·05.
† Mean servings of fruit, vegetables, and fruit and vegetables combined.
‡ Proportion of respondents consuming at least five servings of fruit and vegetables per day (%).
§ Proportion of respondents living in urban areas (%).
|| Latitude of the survey site of each province (°).
¶ Average rainfall of the survey site of each province (mm).
†† Average temperature of the survey site of each province (°C).
‡‡ Proportion of respondents were interviewed in the wet season (average rainfall>60mm).
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recommendations were higher in urban than in rural areas(21,24).
Although the majority of fruit and vegetables are cultivated in
rural areas, they are transported to the markets in urban areas.
Consequently, more fruit and vegetables are available to con-
sumers in urban areas. Local markets in rural areas are more
restricted in the variety of fruit and vegetables available for
purchase(25). Respondents living in urban areas had higher
levels of education and income than those living in rural areas
(data not shown), and our data support earlier findings in other
developing countries(21,23,24) that fruit and vegetable intake
increases with levels of education and household income, but
the association between fruit/vegetable intake and place of
residence was independent of education and income status.
This finding in individual analyses is supported by our
aggregate-level analyses that provinces with higher proportions
of urban population also had higher mean servings of fruit,
and higher proportions of participants meeting the dietary
recommendations, and is consistent with the results of previous
studies(21,26). There was a remarkable similarity in reported
intake of fruit and of vegetables for men and women of the
same region, and particularly for men and women of similar
body size.
In further assessment of the construct validity of the STEPS

questionnaire for measuring fruit/vegetable intake in standard
serving sizes, we examined the correlations between reported
intake and body size/fatness. Somewhat unexpectedly, we
found that reported servings of fruit, vegetables and fruit plus
vegetables, as well as proportions of respondents who
consumed at least five servings daily (women), were positively
associated with body size/fatness, although the correlations
were modest. These associations were independent of age,
income, education, alcohol consumption, tobacco use and phy-
sical activity, but the STEPS questionnaire(8) does not
provide quantitative measures of total energy intake or even the
energy intake of each food item. Only intake of fruit and vege-
tables was collected because the purpose of the STEPS metho-
dology is to obtain small amounts of useful information on a
regular and continuous basis when resources are limited. If those
who ate more fruit and vegetables were also eating
more of other high-energy foods, and total energy intake is a
contributor to larger body size/fatness, adjusting for other energy
sources would at least attenuate the positive associations found
between fruit/vegetable consumption and body size/fatness and,
if the cross-correlations with other energy sources were suffi-
ciently strong, could unmask a protective association of fruit/
vegetable consumption with body size/fatness(27).
The findings also reflect the demographic, geographic and

climatic characteristics of the country. The present findings of
higher mean servings of vegetables in three northern-most
provinces (Thai Nguyen, Hòa Bình and Hanoi) are consistent
with the results of the national nutrition survey conducted in
Vietnam(28). The survey results showed that vegetables form a
larger part of the diet of persons living in the north than of those
living in the south, where rice is an important component of
diet. In addition, our higher mean servings of fruit in the highly
urbanised provinces of Hanoi, Ho Chi Minh City and Can Tho
are generally in line with the results of this national nutrition
survey(28). Collectively, plausible associations found at the

individual and aggregate levels suggest that intake reported in
standard servings had some evidence of construct validity.

The present study has several strengths. First, the data were
collected from a nationally representative survey of the
Vietnamese population. The large sample allowed analyses
stratified by ecological location, and the availability of data on
other behavioural risk factors for NCD made it possible to take
account of putative modifying, confounding and mediating
factors. Second, the interviews were conducted by trained staff
in accordance with standardised WHO protocols designed to
minimise random error and bias, and using a culturally sensitive
instrument that had been translated and back-translated. In
addition, standardised serving sizes depicted by visual aids
tailored to local types of fruit and vegetables were used in this
survey to assist participants(6).

However, this investigation has some limitations. First,
although participation was high for a study with overnight
fasting, blood sampling and nearly 2 h of on-site attendance, the
possibility of non-participation bias cannot be discounted. If the
mainly younger non-participants generally were absent for
reasons of employment, and they ate greater than average
quantities of fruit and vegetables by virtue of their active lives
and incomes, the national estimates of fruit and vegetable
consumption provided in Tables 1 and 2 would be slight
underestimates. Information on fruit and vegetable consump-
tion was self-reported. However, similar brief fruit and
vegetable instruments have been validated and widely used in
developed countries(29) and, in our study, the reported numbers
of ‘standard servings’ consumed allowed appropriate inferences.
Second, information on fruit and vegetables was collected by
provincial data collection teams. They were trained and super-
vised in the use of the standardised protocols by the same
national and international supervisors. Nevertheless, inter-team
variation cannot be excluded as a contributor to part of the
differences found between geographical regions. Third, we found
there was seasonal variation in the reporting of intake with higher
mean values when reported in the wet season. This made almost
no difference to our national estimates, because <10%
(1782/14 706) of respondents were interviewed in the dry season,
but our data suggest that a survey conducted in Vietnam in the
wet season could produce mean estimates 4% (fruit) or 10%
(vegetables) higher than a survey conducted in the dry season.
Clearly, this is an issue to be considered when planning surveys.

Conclusions

In conclusion, approximately 80% of Vietnamese people aged
25–64 years did not meet WHO recommendations for daily
consumption of at least five servings of fruit and vegetables.
On the basis of the consistency of the data collected with other
estimates and with geographical, climatic, demographic and
socio-economic characteristics of the country and its popula-
tion, the WHO STEPS instrument has construct validity for
measuring fruit and vegetable intake in Vietnam, but with
two issues identified. The issues were seasonal variation in
reporting and a limitation on the usefulness of the information
for associative analyses.
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