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Abstract

Background: To estimate the prevalence of non-communicable disease (NCD) risk factors at a provincial level in
Vietnam, and to assess whether the summary estimates allow reliable inferences to be drawn regarding regional
differences in risk factors and associations between them.

Methods: Participants (n = 14706, 53.5 % females) aged 25-64 years were selected by multi-stage stratified cluster
sampling from eight provinces each representing one of the eight geographical regions of Vietnam. Measurements
were made using the World Health Organization STEPS protocols. Data were analysed using complex survey
methods.

Results: Differences by sex in mean years of schooling (males 8.26 + 0.20, females 7.00 + 0.18), proportions of
current smokers (males 57.70 %, females 1.73 %), and binge-drinkers (males 25.11 %, females 0.63 %), and regional
differences in diet, reflected the geographical and socio-cultural characteristics of the country. Provinces with a
higher proportion of urban population had greater mean levels of BMI (r=0.82), and lesser proportions of active
people (r=-0.89). The associations between the summary estimates were generally plausible (e.g. physical activity
and BMI, r=—-0.80) but overstated, and with some anomalous findings due to characterisation of smoking and
hypertension by STEPS protocols.

Conclusions: This report provides an extensive description of the sex-specific and regional distribution of NCD risk
factors in Vietnam and an account of some health-related consequences of industrialisation in its early stages. The
STEPS protocols can be utilized to provide aggregate data for valid between-population comparisons, but with
important caveats identified.
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Background

Non-communicable diseases (NCDs) are a leading cause
of death worldwide [1]. In Vietnam, there has been a
30 % increase in NCD morbidity and mortality between
1976 and 2009 [2]. This increase may be due, in part, to
improved reporting, but ageing of the population and in-
creased exposure to NCD risk factors in a country
undergoing rapid urbanisation/industrialization is also
likely to be a contributing factor. The NCD risk factors
include tobacco smoking, harmful use of alcohol, more
sedentary forms of work and leisure, and consumption
of energy dense food [1].

Information on the prevalence of NCD risk factors in
Vietnam is limited to the urban and affluent cities of Ha
Noi [3, 4], Ho Chi Minh City (HCMC) [5-7], and Can Tho
[8—12]. Although previous studies [13, 14] collected infor-
mation across Vietnam, regional comparisons were not
presented, different sampling strategies were used, and data
for those analyses were collected at various time points
(2001-2009). In addition, populations in different ecological
regions are likely to have different risk profiles due to vari-
ation in numerous socio-demographic factors and lifestyle
or pathophysiological factors such as overweight/obesity
[15]. Furthermore, about 70 % of the Vietnamese people
live in rural areas [16], with information on risk factors un-
available for this sector of the population.

The first aim of this study was to provide summary es-
timates of the prevalence of NCD risk factors at provin-
cial and national levels. These findings will guide the
development of public health policy for NCDs in
Vietnam. Because the summary estimates are likely to be
used to compare risk factor levels between provinces
and to derive inferences about relationships between
provincial levels of risk factors, our second aim was to
investigate the validity of the summary estimates when
used for these purposes. The findings have bearing on
the use and value of data collections such as the WHO
Global InfoBase, the data warehouse of information on
chronic diseases and risk factors for WHO member
states. One purpose of the InfoBase is to allow users to
compare levels of risk factors across countries. The
WHO STEPS methodology [17] is specifically designed
to provide summary data that are reliable for cross-
cultural comparisons [18-20], but the validity of the
summary measurements for this purpose has not been
subjected to rigorous examination.

Methods

Study participants and sampling

This population-based survey was conducted among 25
to 64-year-old residents of eight provinces in Vietnam
during 2009/10. The provinces were Thai Nguyen, Hoa
Binh, Ha Noi, Thua Thien Hue (Hue), Binh Dinh, Dak
Lak, HCMC, and Can Tho (Fig. 1). Each represents one
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of the eight ecological and geographical regions of
Vietnam. Eligible subjects were selected by stratified
two-stage cluster sampling. Of the 22,940 eligible sub-
jects selected for participation, 14,706 (64.1 %) partici-
pated in this survey. Details of this survey have been
reported elsewhere [21].

Measurements

Socio-demographic information on residential status
(urban and rural), ethnicity (the Kinh majority group, and
non-Kinh minority groups including Khmer, Tay, Ede, and
Chinese), monthly household income per adult household
member, years spent at school, and four behavioural fac-
tors (tobacco smoking, alcohol, fruit/vegetable consump-
tion, and physical activity) were collected using the STEPS
questionnaire [17]. Pathophysiological measurements in-
cluding weight, height, waist circumference, hip circum-
ference, systolic blood pressure (SBP), diastolic blood
pressure (DBP), fasting blood glucose, and fasting total
cholesterol were made using the standardised procedures
of the STEPS protocols [17]. Data collectors were trained
and co-supervised by the Menzies Institute for Medical
Research, Tasmania, Australia. The questionnaire was
adapted for local use and translated and back-translated.
Pilot studies were conducted to test survey instruments
and procedures.

Data analysis

Data were entered and coded in accordance with STEPS
protocols [17]. Provincial and national means and pro-
portions were calculated using complex survey methods
with sampling weights calculated in accord with the
sampling design. Principal component analysis was used
to guide the selection of the most comprehensive meas-
ure of each risk factor from all measures of it specified
by STEPS protocols. An indicator that loaded most
heavily upon first principal component, and produced
the greatest correlation with relevant and more proximal
variables, was selected. Those selected were the propor-
tion of current smokers, binge drinkers (males > five stand-
ard drinks, females > four standard drinks in any day last
week), respondents with at least 3000 metabolic equivalent
of task (MET) — weighted minutes of physical activity per
week, raised blood pressure (SBP 2140 mmHg and/or SBP
>90 mmHg), raised blood glucose (blood glucose values
>6.1 mmol/L or taking medications for diabetes) [17], mean
body mass index (BMI, kg/m?), number of servings of fruit
and vegetables per day, and total cholesterol (mmol/L).
Non-missing data were re-weighted to account for missing
data [22], and Box-Cox transformations were applied to
continuous data (e.g. right-skewed physical activity data).
Because a constant needed to be added to data with zero
values, and the choice of its values is arbitrary, the constant
was selected to make the summary estimate for this design
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Fig. 1 Eight provinces each represent one of the eight ecological regions of Vietnam
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(the mean of cluster means) as close as possible to the
median for this design (the median of cluster medians).
Pearson correlation coefficients were used to summarise
the associations between survey-weighted provincial means
of the socio-demographic, behavioural and pathophysio-
logical factors stratified by sex.

Results

Summary information on the response proportions is
presented in Table 1. The overall response proportion
was 64.1 % (14,706/22,940). The response proportions
generally increased with age, were higher for women
than men, and lowest in the two largest cities of Ha Noi
and HCMC.

The summary estimates of socio-demographic, behav-
ioural and pathophysiological characteristics are presented
in Table 2. The proportions of urban population were
highest in the provinces of HCMC, Can Tho, and Ha Noi

where the proportions of physically active people were
lowest, and mean BMI was highest. As expected, the pro-
portions of non-Kinh ethnicity were highest in Hoa Binh,
Dak Lak, and Thai Nguyen. Mean years of schooling and
monthly income were highest in the two largest cities (Ha
Noi and HCMC). The proportions of current smokers
where highest in the male populations of the central prov-
inces of Binh Dinh and Hue, and high also in Can Tho,
where the proportions of binge drinkers also tended to be
high. Mean fruit and vegetable consumption was generally
highest in the northern provinces of Thai Nguyen, Hoa
Binh and Ha Noi. The proportions with elevated glucose
were generally higher in the southern-most provinces
(Dak Lak, HCMC, and Can Tho), and mean cholesterol
were markedly higher in HCMC and Can Tho. The pro-
portions with raised blood pressure were low in the three
principal cities (Ha Noi, HCMC, and Can Tho), and high
in the mountainous province of Dak Lak. As shown in
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Table 1 Response proportions in the national survey of risk factors for NCDs in Vietnam, by age groups and provinces

Men Women Total
% (n/N) % (n/N) % (n/N)
Age groups
25-34 years 420 (1423/3388) 57.6 (1745/3030) 494 (3168/6418)
35-44 years 59.1 (1666/2819) 73. (1925/2632) 65.9 (3591/5450)
45-54 years 634 (1791/2823) 8338 (2146/2561) 73.1 (3937/5384)
55-64 years 66.6 (1924/2887) 74.5 (2086/2801) 70.5 (4010/5688)
Provinces
Thai Nguyen 776 (963/1241) 91.6 (1087/1187) 84.4 (2050/2428)
Hoa Binh 66.4 (887/1335) 81.3 (1015/1248) 736 (1902/2583)
Ha Noi 454 (737/1624) 593 (906/1528) 52.1 (1643/3152)
Hue 604 (853/1412) 83.0 (1013/1220) 70.9 (1866/2632)
Binh Dinh 70.5 (885/1256) 90.0 (1026/1140) 79.8 (1911/2395)
Dak Lak 553 (872/1578) 63.0 (937/1487) 59.0 (1809/3064)
HCMC 40.1 (840/2095) 494 (971/1967) 446 (1811/4063)
Can Tho 558 (767/1375) 759 (947/1248) 653 (1714/2623)
Total 57.1 (6804/11916) 71.7 (7902/11024) 64.1 (14706/22940)

Table 2, the most notable sex differences were greater
mean years of schooling and levels of physical activity and
higher prevalence of tobacco smoking, binge drinking and
raised blood pressure among men. Despite their lower
physical activity, the mean BMI of women was similar to
that of men.

Correlations between the summary values are shown
in Table 3. The urban population proportions co-varied
inversely with the provincial proportions of active people
(r=-0.89, men and women combined) and positively
with provincial mean BMI (r=0.82, men and women
combined), provincial mean cholesterol and the provin-
cial proportions with elevated glucose. There were gen-
erally weaker associations of physical activity, BMI,
cholesterol (men) and elevated glucose (men) with pro-
vincial mean years of schooling and mean household in-
come, each of which co-varied positively with the urban
proportions. In addition, years of schooling and house-
hold income were inversely related to the proportions of
current smokers and binge drinkers (men). The provin-
cial proportions of minority ethnicity were positively
correlated with proportions of active people and nega-
tively with mean levels of BMI, and positively with fruit/
vegetable intake (women). Provincial mean BMI was in-
versely correlated with the proportions of persons
reporting high physical activity (r=-0.80, men and
women combined) and positively correlated with pro-
portions with elevated glucose and mean cholesterol,
which co-varied positively (Table 3).

The provincial-level associations were generally larger
than the corresponding strength of that association in
individual-level data. Some that were disproportionately

larger have been highlighted in Table 3 (see ‘m’ symbol).
Several of these involved either the proportions of current
smokers or those with raised blood pressure. In addition,
there were some associations of opposite sign in individual-
level data (see ‘n’ symbol, Table 3). Most of these were
associations with raised blood pressure. As examples, the
proportions with raised blood pressure were positively asso-
ciated with proportions of active persons and negatively as-
sociated with mean levels of BMI (and with mean waist
circumference and waist-to-hip ratios, data not shown).

This placed suspicion on its definition in STEPS proto-
cols as SBP 2140 mmHg and/or DBP 290 mmHg. This
definition does not account for blood pressure treated by
antihypertensive medication or other means. As shown in
Table 4, the proportions of people taking prescribed medi-
cation for raised blood pressure, and the proportions of
respondents who reported having been previously diag-
nosed with hypertension, were markedly higher in Can
Tho and HCMC, and among men from Ha Noi. Including
those on prescribed medication or previously diagnosed
with hypertension in the definition of raised blood pres-
sure increased the estimated national proportion with
raised blood pressure by around four percentage points
with the largest increases in Can Tho, HCMC and Ha Noi
(men). Doing so also substantially reduced its uncharac-
teristic positive association of the provincial proportions
with physical activity for men, and reversed each of the
other anomalous associations. A demonstration of how
this occurred for mean BMI is presented in Fig. 2.

With raised blood pressure defined to include those on
prescribed medication or otherwise previously diagnosed
with hypertension, the estimated national proportion with



Table 2 Characteristics of participants from the 8 representative provinces of Vietnam, by sex (n = 14706)

Thai Nguyen Hoa Binh Ha Noi Hue Binh Dinh Dak Lak HCMC Can Tho Total
Mean 95%Cl Mean 95%Cl Mean 95%ClI Mean 95%ClI Mean 95%ClI Mean 95%ClI Mean 95%CI Mean 95%Cl Mean 95 % Cl
Men
Urban population® (%) 222 +0.00 11.9 +0.00 429 +0.00 336 +0.00 26.0 +0.00 21.6 +0.00 83.1 +0.00 66.3 +0.00 29.8 +0.00
Minority ethnidtyb (%) 144 +5.70 74.8 +3.20 0.29 +0.34 0.03 +0.07 0.10 +0.20 204 +4.86 5.20 +3.70 1.62 +1.24 5.84 +0.87
Years at school® 8.69 +0.31 7.56 +0.26 10.2 +0.51 8.00 +046 8.10 +0.33 834 +048 100 +045 8.00 +0.65 826 +0.20
Household income® 526 +4.26 216 +4.78 89.2 +109 416 +3.32 50.1 +2.96 456 +7.03 91.0 +109 447 +4.40 53.2 +2.22
Current smoker® (%) 555 +4.23 544 +118 525 +4.12 634 +3.85 64.8 +3.37 45.0 +5.82 54.2 +4.60 583 +5.46 57.7 +1.83
Alcohol intake’ 17.3 +4.35 20.5 +8.25 16.6 +3.24 340 +4.28 28.1 +3.69 294 +4.64 223 +4.83 30.2 +4.75 25.1 +1.68
Fruit/vegetable serves? 348 +0.21 2.80 +0.32 341 +0.18 246 +0.18 246 +0.11 227 +0.18 258 +0.21 245 +0.20 274 +0.08
Physical acﬂvityh (%) 87.9 +3.22 83.5 +7.02 384 +5.97 473 +4.32 73.2 +232 80.0 +3.13 28.7 +4.63 37.2 +4.71 520 +2.26
BMI' 204 021 20.7 +0.46 218 +0.29 204 021 206 +0.20 210 +0.23 221 +0.30 212 +0.33 21 +0.11
Raised BP' (%) 20.1 +333 202 +2.74 15.7 +3.01 16.2 +3.09 215 +327 255 +3.77 173 +3.10 170 +3.11 185 +1.29
Elevated g\ucosek (%) 1.75 +0.97 2.73 +1.87 2.92 +2.28 1.50 +0.76 141 +0.88 333 +2.05 3.15 +142 3.89 +1.78 263 +0.72
Cholesterol' 4.26 +0.04 446 +0.07 464  +0.06 447 +0.06 4.52 +0.05 451 +0.09 473 +0.07 4.80 +0.09 458 +0.03
Women
Urban population® (%)  22.7 +0.00 12.7 +0.00 437 +0.00 343 +0.00 26.1 +0.00 220 +0.00 84.1 +0.00 67.7 +0.00 308 +0.00
Minority ethnicity® (%) 123 +4.39 74.7 +6.65 094 088 0.10 +0.14 026 +0.35 182 +5.55 359 +261 2.80 +1.80 541 +0.74
Years at school® 8.17 +0.34 7.00 +0.33 9.50 +0.41 5.50 +043 6.42 +0.20 7.00 +0.56 9.00 +047 6.00 +0.54 7.00 +0.18
Household income® 515 +4.70 204 +372 80.2 +6.59 40.0 +273 464 +2.79 45.0 +6.05 96.0 +104 455 +3.18 529 +242
Current smoker® (%) 1.09 +0.86 804  £596 0.56 +045 4.90 +1.34 0.60 +0.53 137 +1.01 212 +0.93 1.12 +0.60 173 +0.32
Alcohol intake 1.22 +0.89 148 +2.09 0.35 +0.51 044 +0.39 0.34 +0.41 0.10 +0.10 1.38 +0.84 0.88 +1.21 0.63 +0.24
Fruit/vegetable serves®  3.18 +0.14 3.37 +0.57 3.58 +0.20 265 +0.18 2.34 +0.09 227 +0.22 3.05 +0.17 2.36 +0.15 2.80 +0.07
Physical acti\/ityh (%) 83.1 +4.12 780 +6.10 356 +4.36 39.6 +3.88 63.8 +3.59 703 +539 13.2 +2.32 256 +3.65 411 +148
BMI 205 +0.27 20.2 +0.12 216 +0.24 209 +0.23 208 +0.21 206 +0.31 215 +0.23 219 +0.24 212 +0.10
Raised BP (%) 9.05 +243 11.8 +3.28 7.69 +1.66 9.93 +1.88 104 +1.91 15.7 +3.64 9.09 +1.82 133 +2.19 102 +0.85
Elevated g\ucosek (%) 0.84 +0.52 348 +347 1.84 +0.90 1.95 +0.84 2.58 +1.01 3.10 +147 3.28 +1.27 4.55 +1.54 2.58 +0.47
Cholesterol' 4.7 +0.04 439 +0.05 461 +007 4.62 +0.06 4.76 +0.05 454 +007 485 +0.06 490 +0.08 4.66 +0.03

@Proportion of urban population; bProportion of non-Vietnamese minority ethnic group; “Mean years of schooling; 9Mean household income per adult person per month (USD), “Proportion of current smokers; fPropor‘cion with
binge drinking (>4 standard drinks for females, and >5 standard drinks for males, on any day last week); 9Mean daily servings of fruit and vegetables; "Proportion with high levels of physical activity (>3000 MET-minutes per
week); ‘Mean BMI (kg/m?); JProportion with raised BP (systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg); “Proportion with fasting blood glucose values >6.1 mmol/L or taking medications for diabetes; 'Mean

fasting total cholesterol values (mmol/L)
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Table 3 Correlation coefficients between provincial levels of demographic, behavioural and pathophysiological factors, by sex

Women Urban Minority Years at H'hold Current Alcohol Fruit/ Physical BMI Raised Elevated Cholesterol
Men pop? ethnicity® school © income® smokers® intake © veg serves’ activity” BP glucose®

Urban population? (%) -0.5™ 0.27 0.73 -0.34 0.23 -0.04 -0.92 0.86 -0.20 041 0.75
Minority ethnicityb (%) -0.52 -0.06 -0.58 0.79™ 0.50™ 0.35 0.55 -0.62 0.28 0.24 -049
Years at school® 0.56™ —-044 0.76 -0.31 025 072 -0.16 021 -0.55 -033 -0.16
Household income? 0.65 —-0.59™ 0.98 -0.56™ 0.03 0.30 -0.66 0.62 -0.53™ -0.14 039
Current smoker® (%) 0.05 -0.32 -032 -0.18 045 0.29 0.23 —-0.50™ 0.09 0.18 -0.29
Alcohol intake 0.07 -0.29 —0.55™ -041 0.36 049 0.00 -0.10 -0.24 0.15 -0.22
Fruit/vegetable serves® -0.16 0.06 046 0.34 -0.13 -0.87™ 0.03 -0.06 -0.68 -0.40 -045
Physical aC‘EiVityh (%) -0.88 0.57 -0.56 -0.64 -0.16" -0.14 0.12 -0.89 025" -0.38 -0.82
BMI 0.78 -0.25 0.82 0.82 -0.39 -0.32 0.07 -0.74 -0.18" 038 0.77
Raised BP (%) -0.57™ 035 -0.39 -042 -043 0.13 -033 077" -0.39" 061 0.10
Elevated g\ucosek (%) 0.50™ 0.12 0.22 0.19 -0.63™ -0.05 -0.19 -0.39 0.65 -0.02 0.65
Cholesterol' 0.82 -033 033 043 -0.03 0.22 -039 -0.82 0.76 -041" 0.71

®Proportion of urban population; ®Proportion of non-Vietnamese minority ethnic group; “Mean years of schooling;Mean household income per adult person per month (USD), ®Proportion of current smokers;
fProportion with binge drinking (>4 standard drinks for females, and >5 standard drinks for males, on any day last week); “Mean daily servings of fruit and vegetables; "Proportion with high levels of physical activity
(>3000 MET-minutes per week); ‘Mean body mass index (kg/m>); JProportion with raised blood pressure (systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg); “Proportion with fasting blood glucose
values >6.1 mmol/L or taking medications for diabetes; 'Mean fasting total cholesterol values (mmol/L); "Weaker individual-level correlation [absolute(rprovince) >0.5 but absolute(fingividual) <0.05]; " Individual-level
correlation of opposite sign (fprovince >0.10 and Fingividual > —0.10 OF Fprovince > —0.10 and Fingividual >0.10)
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Table 4 Participants who reported taking prescribed medication for raised blood pressure (BP) or having been diagnosed previously with hypertension, and estimated
prevalence of hypertension with these factors taken into account

Thai Nguyen Hoa Binh Ha Noi Hue Binh Dinh Dak Lak HCMC Can Tho Total
Mean  95% Cl Mean 95%Cl Mean 95%CI Mean 95%CI Mean 95%Cl Mean 95%Cl Mean 95%Cl Mean 95%CI Mean 95%Cl
Men
BP medication®  0.82 +0.64 157 +1.71 1.71 +0.61 1.56 +0.59 132 +0.56 1.89 +1.25 398 +1.28 4.23 +1.62 235 +049
Prior diagnosisb 6.70 +1.75 6.32 +2.10 7.96 +2.14 555 +141 559 +1.35 6.23 +1.98 10.1 +1.96 124 +2.79 821 +0.88
Raised BP 1¢ 20.1 +333 20.2 +2.74 15.7 +3.01 16.2 +3.09 215 +3.27 255 +3.77 173 +3.10 17.0 +3.11 185 +1.29
Raised BP 2¢ 203 +3.31 213 +3.62 16.2 +3.03 169 +3.06 216 +3.28 258 +3.77 193 +3.19 1838 +3.35 194 +1.38
Raised BP 3¢ 219 +3.12 227 +3.75 19.8 +3.50 186 +3.16 22.8 +3.22 27.0 +3.72 23.7 +3.36 236 +342 224 +1.51
Women
BP medication®  1.29 +0.52 150 +1.02 252 +0.94 348 +1.01 297 +0.82 207 +1.31 449 +1.26 795 +1.95 3.55 +047
Prior diagnosisb 569 +1.63 5.54 +4.51 6.82 +1.56 8.18 +1.63 792 +1.40 8.66 +2.85 8.53 +1.86 159 +2.23 8.75 +0.81
Raised BP 1¢ 9.05 +243 11.8 +3.28 7.69 +1.66 9.93 +1.88 104 +1.91 15.7 +3.64 9.09 +1.82 133 +2.19 10.2 +0.85
Raised BP 2¢ 9.64 +247 120 +3.27 8.51 +1.72 10.8 +1.90 1.1 +1.80 16.0 +3.64 1.1 +2.07 16.9 +2.37 115 +0.90
Raised BP 3¢ 1.2 +2.52 15.2 +4.58 109 +1.98 132 +2.08 13.0 +1.77 189 +3.66 14.2 +2.30 22.7 +2.55 14.6 +1.01

*Taking medication for raised blood pressure, as indicated by a positive responses to the question “During the past two weeks, have you been treated for raised blood pressure with drugs (medication) prescribed by a

doctor or other health worker?”

PPreviously diagnosed with hypertension, as indicated by a positive response to the question “Have you ever been told by a doctor or other health worker that you have raised blood pressure or hypertension?”
“Systolic blood pressure >140 mm Hg and/or diastolic blood pressure >90 mm Hg
dSystolic blood pressure >140 mm Hg and/or diastolic blood pressure 90 mm Hg or taking medications for hypertension
€Systolic blood pressure >140 mm Hg and/or diastolic blood pressure >90 mm Hg or taking medications for hypertension or previously diagnosed with hypertension
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Can Tho

——Hypertension based on current BP and including those on
medication or previously diagnosed with hypertension

——Hypertension based on current BP (SBP>140 and/or
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Fig. 2 Associations between provincial proportions of men with hypertension and provincial mean BMI of those men
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raised blood pressure is around four percentage points
higher with the largest increases in Can Tho, HCMC and
Ha Noi (men).

There were other unexpected associations for current
smoking among men. Figure 3 shows that higher pro-
portions of ex-smokers than never-smokers or current
smokers had elevated blood pressure and glucose (top
panel). Including ex-smokers with never-smokers in the
reference category produced the anomalous finding of a
negative association between current smoking and
hypertension (bottom panel).

Discussion

This paper presents a comprehensive account of the re-
gional distribution of NCD risk factors in Vietnam made
in a standardised way. Participants in the survey were se-
lected using population-based sampling from eight prov-
inces representing eight different geographical regions of
Vietnam according to WHO STEPS protocols [17]. Our
findings reflect some known regional attributes and so-
cial characteristics of the country, and document in ag-
gregate some of the health-related consequences for a
developing country in the early stages of economic tran-
sition. For the most part, the directions of the associa-
tions found in aggregate between provincial levels of the
risk factors were as expected from sociological, epi-
demiological and biological evidence about plausible
causal pathways. However, there were unexpected asso-
ciations with smoking and hypertension. These were due
to the characterisation of smoking and hypertension by
STEPS protocols.

The information on socio-demographic characteristics
mostly accords with official statistical records of the
Vietnamese population [16, 23]. The lifestyle characteris-
tics also reflected some of the cultural practices of the
country. More than one-half of the men were current

smokers and around a quarter of men participated in
heavy drinking occasions, whereas those behaviours
were rare among women. This has been described previ-
ously [3, 8, 24, 25]. Higher proportions of men than
women had high levels of physical activity, which is con-
sistent with results of previous studies in Ha Noi [26],
HCMC [7], and Can Tho [9]. Non-Kinh subjects living
in predominately rural locations were relatively physic-
ally active and lean on average. The women among them
tended to have higher servings of fruit/vegetables than
their Kinh counterparts.

The summary information on health-related behav-
iours and pathophysiological outcome factors demon-
strates the changing NCD risk factor profile of a country
undergoing demographic and economic transition. For
example, greater schooling and income was associated
with reduced smoking, less hazardous/harmful alcohol
intake and improved diets on the one hand, and reduced
physical activity and higher BMI on the other, in line
with previous research on socioeconomic factors and
smoking [27], at-risk drinking [25], and improved fruit/
vegetable intake [28], physical activity [7, 26], and BMI
[6, 15]. The proportions of active people were inversely
correlated with the proportion of urban-dwellers. For in-
stance, activity proportions were lowest in Can Tho
(two-thirds urban) and HCMC (around 80 % urban).
These provinces had the highest mean BMI, highest pro-
portions with elevated glucose and highest mean choles-
terol. These correlations between provincial levels of
physical activity, BMI, elevated glucose and cholesterol
consistent in sign with results at the individual level.

The regional and sex differences in the NCD risk re-
flect the socio-demographic and cultural characteristics
of the country. Smoking and binge drinking were largely
confined to men, and to those with lower levels of edu-
cation. Fruit and vegetable and vegetable intake was



Bui et al. BMC Public Health (2016) 16:498

Page 9 of 12

30

O Never-smoker

25

20

15

10

Percentage of raised BP / glucose (%)

' Ex-smoker m Current smoker

T
Men Women

50
45
40
35
30
25
20
15
10

ONon-smoker

Percentage of raised BP / glucose (%)

HIH m (Ol

Raised blood pressure (BP)

Men Women

Elevated glucose

® Current smoker

=

Men Women

Raised blood pressure (

Fig. 3 Proportions of respondents with raised blood pressure (BP) and e
smoker; Bottom: non- and current smoker)

Men Women
BP)

levated glucose classified by smoking status (Top: never-, ex- and current

Elevated glucose

higher among persons with higher income. Vegetable
consumption was greater in northern provinces, and
physical activity was lower in urban areas. These obser-
vations attest to the construct validity of the STEPS
questionnaire for use in Vietnam. Furthermore, the rela-
tionships between risk factors discussed to this point ap-
pear sociologically and biologically plausible. Whilst our
data are cross-sectional, the associations are consistent
with the changing risk factor profile of a developing coun-
try undergoing industrialization/urbanisation. Vietnam
has experienced increasing urbanisation in recent years
[29], with increased adiposity and hypertension a pre-
dicted consequence [14, 15]. The process of transition
from a traditional/rural to a more modern/urban society
is accompanied by a shift from physically active occupa-
tions such as farming and forestry toward more sedentary,

office-based occupations. For example, national survey
data from China during 1991-2006 [30] showed that
more than four-fifths of the decline in occupational phys-
ical activity for men and nearly two-thirds of the decline
for women were predicted by factors associated with ur-
banisation (e.g. population size and economic well-being).
Other research findings have suggested that urbanisation
is associated with a higher prevalence of overweight/obes-
ity [31, 32], hypertension [32], and diabetes [31].

The summary estimates for each province were pre-
sented in a report prepared for the Ministry of Health of
the Socialist Republic of Vietnam, and stored also on a
database that could be accessed by staff of the Ministry
of Health and of the provincial health authorities. It
soon became clear that one of the principal uses of the
paper-based and electronic information would be to
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draw associative inferences (e.g. “the mean level of phys-
ical activity in our province is higher than that in other
provinces, so is our mean BMI correspondingly lower?”).
Aware of this, summary provincial estimates of NCD
risk factors and measures of association (correlations)
between those summary estimates are presented, to-
gether with a warning (by way of footnotes to Table 3)
when the provincial-level correlations are not consistent
with individual-level associations. The provincial-level
associations were generally greater in magnitude than
the individual-level associations, however, and in
highlighted cases the exaggeration was pronounced. This
serves as a first warning about drawing associative infer-
ences from the aggregate data: the provincial-level asso-
ciations in this study were overstated in the main. A
second warning is that in some cases the relationships
were not plausible. This was the case for two sets of re-
lationships, and an explanation is provided for each.

The first set of implausible relationships occurred for to-
bacco smoking. For women, the proportions of smokers
(and binge drinkers) were so low that minor differences in
proportions have to be discounted due to sampling error.
For men, current smoking was inversely related to the
proportions with raised blood pressure and glucose be-
cause those at highest risk were ex-smokers. Our group
identified the hypertension phenomenon previously in a
survey in Can Tho [10], and proposed that this was likely
due to smokers being prompted to quit by a diagnosis of
hypertension. The STEPS protocols allow information to
be captured on ex-smokers, but the core instrument refers
exclusively to current smokers and the survey report tem-
plate requires reporting only of the proportion of current
daily smokers and their years of smoking and quantities
smoked. Our results indicate that information solely on
current smokers does not accurately portray the risk pro-
files of Vietnamese men.

The second anomaly related to raised blood pressure
assessed in accordance with STEPS protocols (SBP
>140 mmHg and/or DBP 290 mmHg). While the preva-
lence of uncontrolled raised blood pressure is an import-
ant health system indicator, our results demonstrate that
this definition may lead to implausible associations with
other risk factors including high physical activity, mean
BMI and cholesterol. The implausible associations were
resolved by including those using medication for, or pre-
viously diagnosed with, hypertension in the definition of
raised blood pressure. We would therefore encourage
those using STEPS protocols to consider the definition
of raised blood pressure that is appropriate for their popu-
lation, and to be aware that the use of the recommended
definition may cause spurious associations. With this ex-
panded definition, our estimates for Vietnam (22.4 % for
men and 14.6 % for women) are more similar to those
from a previous multi-province study (24.1 % for men and
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17.9 % for women aged 25—64 years) [13] that included
relatively more participants from urban areas (where
hypertension is more prevalent). Our sample accurately
reflected the urban-rural population division.

This was the first ecological analysis of the population
prevalence of NCD risk factors in Vietnam using a rep-
resentative sampling frame. To minimise avoidable
sources of random error and bias, the measurements
were made by trained staff in accordance with standar-
dised protocols designed specifically by WHO for pro-
viding data that are culturally-relevant yet valid for
international comparisons. The aggregate estimates were
shown to have evidence of construct validity and, for the
most part, associative validity because relationships be-
tween risk factors were of the expected sign. Further,
confirmation was provided of the utility of STEPS proto-
cols for the intended purpose of providing aggregate
data for valid inter-country comparisons albeit through
the prism of intra-country comparisons.

Nevertheless, our study has limitations. First, whilst
the response proportion (64 %) was high for a study re-
quiring lengthy clinic attendance with invasive proce-
dures including blood-sampling, it was nevertheless low
enough to allow the possibility of non-participation bias.
Second, information providing a more thorough under-
standing of the relationships studied —such as dietary
fat, 24-hour urinary sodium, physical activity by object-
ive methods, and ambulatory blood pressure — was not
collected. The STEPS method emphasises that small
amounts of good quality data are more valuable than
large amounts of poor quality data, and focuses on a
limited range of data collection made in the best manner
possible in large-scale fieldwork. Third, each of the mea-
surements has several alternative forms or quantitative
scales, and reporting each is impractical within this lim-
ited space. We followed STEPS protocols where possible,
and used principal components analysis to select a single
indicator per risk factor, and reported more fully in two
cases (current smoking and hypertension) when the
choice was nuanced or resulted in misinterpretations.
This highlighted the importance of the definition of
hypertension but, as a fourth limitation, we cannot dis-
count that other factors such as measurement errors
(perhaps due to faulty recall or to poor equipment or
technique in diagnosis) can account for the sizeable
numbers of respondents reporting a previous diagnosis
of hypertension in HCMC and Can Tho, despite their
blood pressure measurement with automated equipment
in accordance with strict protocols in this survey being
below the thresholds. A sixth limitation is that data were
collected by provincial data collection teams, and inter-
team measurement variation cannot be excluded as a
contributing factor for part of the differences found be-
tween ecological regions. Finally, we tested the validity
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of the summary estimates for inter-country comparisons
through the prism of inter-province comparisons within
one country. This is reasonable because the provinces of
Vietnam differed widely in terms of socio-demographic
factors. Nevertheless, inter-country comparisons could
involve considerably more heterogeneity than this.

Conclusions

In summary, this report provides an extensive descrip-
tion of the sex-specific and regional distribution of NCD
risk factors in Vietnam and an account of some health-
related consequences of the early stages of urbanisation/
industrialization in a developing country. The findings
provide information that will be valuable in guiding the
development of public health policy in respect of NCDs
in Vietnam. In addition, they lend support to the case
that STEPS protocols have utility for the intended pur-
pose of providing aggregate data for valid between-
population comparisons, but with important caveats
identified.
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