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Abstract

Background

The mid-life emergence of higher levels of total cholesterol (TC) for women than for men
has been observed in different Western and Asian populations. The aim of this study was to
investigate whether there is evidence of this in Vietnam and, if so, whether it can be
explained by ageing, by body size and fatness, or by socio-demographic characteristics and
behavioural factors.

Methods

Participants (n = 14706, 50.9% females) aged 25—64 years were selected by multi-stage
stratified cluster sampling from eight provinces each representing one of the eight geo-
graphical regions of Vietnam. Measurements were made using the World Health Organiza-
tion STEPS protocols. Linear regression was used to assess the independent contributions
of potential explanatory factors to mean levels of TC. Data were analysed using complex
survey methods.

Results

Men and women had similar mean levels of body mass index (BMI), and men had modestly
higher mean levels of waist circumference (WC), in each 5-year age category. The mean
TC of women increased more or less continuously across the age range but with a step-up
at age 50 years to reach higher concentrations on average than those of their male counter-
parts. The estimated step-up was not eliminated by adjustment for anthropometric indices
including BMI or WC, or by adjustment for socio-demographic characteristics or behavioural
factors. The estimated step-up was least for women with the greatest weight.
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Conclusion

There is a marked step-up in TC at age 50 years for Viethamese women that cannot be
explained by their age, or by their body fatness or its distribution, or by their socio-demo-
graphic characteristics or behavioural factors, and which results in greater mean levels of
TC for middle-aged women than for their male counterparts in Vietnam.

Background

Raised total cholesterol is an important risk factor for ischemic heart disease and stroke, and
has been estimated to be responsible for 13% of stroke deaths and 48% of ischaemic heart dis-
ease deaths [1] that together account for around 2.6 million deaths every year worldwide [2].
The global prevalence of high cholesterol, defined as total cholesterol (TC) equal to or greater
than 5.0 mmol/l, was estimated to be 39% among adults aged 25 years or over in 2008 [1].
Reducing cholesterol has preventive and therapeutic benefits. It has been estimated that a 0.6
mmol/l (10%) reduction in serum cholesterol would lower the risk of ischaemic heart disease
by 50% for men aged 40 years and by somewhat less for older men, with the reduction falling
to 20% for men aged 70 years [3]. The American Heart Association reported the most up-to-
date statistics related to heart disease that long-term exposure to even modestly elevated cho-
lesterol levels can lead to coronary heart disease (CHD) later in life [4]. The study from 6
United States cohorts found that CHD rates were significantly elevated among young adults
(18-39 years of age) who had to low-density lipoprotein (LDL) cholesterol over 100 (versus
under 100) mg/dL, independently of later adults (>40 years of age) exposures (adjusted HR,
1.64) [4]. In a 20-year follow-up study, early initiation of statin treatment among 214 children
with familial hypercholesterolemia was associated with a decrease in LDL cholesterol by 32%,
slowed progression of subclinical atherosclerosis, and lower cumulative incidence by 39 years
of age of cardiovascular events compared with affected parents (0% versus 7% and 1% versus
26% of fatal and nonfatal cardiovascular events, respectively) [4].

Comparing men and women, mean levels of TC and LDL cholesterol tend to be higher for
men than for women in early adulthood but with women catching up in mid-life and typically
with the difference reversed after age 50. This pattern has been observed in different Western
[5-8] and Asian populations [9-11]. Consistent with this pattern, the incidence of cardiovas-
cular disease (CVD) among women typically lags 10 years behind that of men until the sixth or
seventh decade of life when there is a marked increase in female rates [12]. Follow-up studies
have suggested that LDL cholesterol rises during the transition to menopause [13-15]. This
accords with cross-sectional data showing a step-up in mean levels of TC for women in their
late 40s or early 50s [5, 7, 16]. Longitudinal observations of women during the menopausal
transition show that changes in TC and LDL cholesterol occurred mainly during the later
phases of menopause and were greatest for women who were lightest at baseline [13]. Whilst
weight gain is a common occurrence for women during the menopausal years [17], weight
gain appears not to be a consequence of menopause per se [18]. The results of some studies
suggest that the rise in TC at these ages is independent of any changes in body size and fatness
occurring at or around the same time [19, 20].

We had the opportunity to investigate sex differences in TC in a population (that of Viet-
nam) in which men and women are similar in weight relative to height, and predominately of
the same ethnic background. Given the research evidence that the mid-life increase in TC is
more pronounced for women of smaller body weight, the rise in TC may be more clearly
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discernible in a population of women generally smaller than their Western counterparts. Addi-
tionally, to the extent that treatment with hormone replacement therapy (HRT) by post-meno-
paused women can mask sex differences in TC, the lack of widespread use of exogeneous
hormones in Vietnam was a benefit for this study. Furthermore, any contribution of tobacco
smoking and alcohol consumption would be specific to males in this population because few
of the women smoke or consume alcohol. Using data from a national survey of risk factors for
non-communicable diseases (NCDs) in Vietnam, the aim of this study was to investigate
whether there is evidence of higher female-than-male mean levels of TC in Vietnam and, if so,
whether it can be explained by ageing, by body size and fatness, or by socio-demographic char-
acteristics and behavioural factors.

Methods
Study participants and sampling

The data are from a population-based survey of risk factors for non-communicable disease in
Vietnam during 2009-2010 that was designed in accordance with the STEPS survey methodol-
ogy of the World Health Organization (WHO) [21]. The survey participants (n = 14,706,
response proportion 64.1%) were selected by multi-stage stratified cluster sampling from eight
provinces each representative of one of the eight geographical regions of Vietnam. The study
was approved by the Ethics Committee of the Ministry of Health of Vietnam and the Tasma-
nian Health and Medical Human Research Ethics Committee. Written informed consent was
obtained from participants. The details of this survey have been reported elsewhere [22].

Measurements

The STEPS questionnaire was used to collect information on socio-demographic information
and measurements of four behavioural factors (tobacco smoking, alcohol, fruit/vegetable con-
sumption, and physical activity) [21]. The questionnaire was translated into Vietnamese and
back-translated to check the accuracy of wording of each item. Our previous studies confirmed
that the measurements made with the instrument—in aggregate [23], and in respect of tobacco
smoking [22], physical activity [24], alcohol intake [25], and fruit and vegetable intake [26]-
have validity. Face-to-face interviews were conducted with participants by trained staff of each
provincial health authority.

Self-reported highest education levels were categorized as less than primary (<5 years), pri-
mary (5-8 years), junior secondary (9-11 years), senior secondary (12 years), and college/
undergraduate or postgraduate (>12 years). Monthly income was answered in Vitenam Dong
and transferred to USD for analysis. Smoking status were categorised as never smokers, former
daily smokers, current and former non-daily smokers, and current daily smokers. For alcohol
intake status, those who reported consuming at least one alcoholic beverage during the previ-
ous year were asked about their frequency of consumption (response categories <1 day/
month, 1-3 days/month, 1-4 days/week, 5-6 days/week, and daily). Show cards illustrating
the volume of spirits (30 ml of 40% alc/vol), wine (120 ml of 11% alc/vol) and beer (285 ml of
4.5% alc/vol) equivalent to 10 g of ethanol (a standard drink) were used to prompt reporting of
the number of standard drinks usually consumed on each drinking occasion. Reported num-
ber of standard drinks were categorized as <2, 2-3, 3.1-6 and >6 standard drinks. Alcohol
intake status were categorised as low (< 4 standard drinks for men or <2 standard drinks for
women), hazardous (4-6 standard drinks for men or 2-4 standard drinks for women), harmful
(consuming at least 6 standard drinks for men or 4 standard drinks for women). The partici-
pants 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
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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 and assumed to corre-
spond to 80 gram. Visual aids (show-cards) depicting a ‘standard serving’ size of fruit and veg-
etables were used to facilitate interviewing. Activity levels were calculated as total time spent
on work, transport and leisure time activities of each intensity, weighted by The Global Physi-
cal Activity Questionnaire-assigned Metabolic Equivalent Task (MET) energy expenditure
ratios per kilogram per hour of 4 for moderate and 8 for vigorous intensity activities. Subjects
were categorised as having low (<600MET/week), moderate (>600MET/week), or high
(>3000MET/week) activity levels. Measurements of behavioural factors were made and cate-
gorised according to recommendations of the WHO [21]. Physical measurements included
weight (in bare feet without heavy clothing measured using NuWeigh B8271 digital scales with
the precision of 0.1 kg), height (in bare feet without headwear measured using a Seca 214 stadi-
ometer with the precision of 0.1 cm), waist circumference (WC, at the narrowest point
between the lower costal border and the iliac crest measured horizontally using a constant ten-
sion tape while standing), and hip circumference (at the greatest posterior protuberance of the
buttocks measured using a constant tension tape) with the participants standing. Body mass
index (BMI) was calculated as weight (kg) + height2 (m). Waist-hip-ratio (WHR) was calcu-
lated as WC (cm) + hip (cm). Waist-to-height-ratio (WHtR) was calculated as WC (cm) +
height (cm).

After overnight fasting, TC was measured according to the standardised STEPS procedure
[21] from capillary whole blood using Roche Diagnostics Accutrend Plus glucometers. Raised
TC was defined as TC > 5.0 mmol/L.

Data analysis

Sampling weights were defined as the inverse probability of selection in the sample, and calcu-
lated as the product of the probability that each cluster was chosen and the probability that
each person from each selected cluster was chosen. Appropriately weighted and stratified esti-
mates of means and proportions, and of regression coefficients, were made using complex sur-
vey estimation methods provided by Stata version 15.0.

The effects of fat distribution, sociodemographic, and behavioural factors on the sex differ-
ences in TC were examined by linear regression with TC as dependent variables and body fat-
ness including BMI, WC, WHR, WHIR, socio-demographic and behavioural factors as
independent variables. TC was transformed to reduce skewness. Change-point analysis was
used to identify whether a mean-shift and/or change in slope had occurred in the regression of
TC on age. The change-point analyses reported in this study were designed to allow the slope
of the relationships of TC with age to change if necessary from any age onwards, and/or for
the relationships to shift upwards (“step-up”) or downwards (“step-down”) if necessary at any
age. Candidate change-points were identified by trial-and-error and confirmed by Bayesian
change-point analysis. The final models included a quadratic (increasing before decreasing) fit
in age to the TC data for men, without any discrete change in slope or location, and a step-up
at age 50 years in the otherwise consistently increasing linear-in-age relationship for women.

For Table 3, a linear regression model with age and a binary (0/1) term as covariates was fit-
ted to the TC data for women. The binary term took the value 0 for women aged less than 50
years or 1 for women aged 50 years or greater. The coefficient of the binary term represents
the estimated vertical displacement of the relationship and being positive, is referred to as the
“step-up”. The estimated mean value of TC not including (without) and including (with) the
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step-up is reported, together with the step-up expressed as a percentage increase. To examine
whether the step-up in cholesterol at age 50 years remained after adjustment for other factors
including indices of body size and fatness, socio-demographic characteristics and behavioural
attributes, a covariate for each of these factors was added in turn and the adjusted value of the

step-up was used to recalculate these quantities (mean TC without step-up, mean TC with
step-up, percentage increase).

Results

Table 1 presents selected characteristics of study subjects, stratified by sex. The sample con-
sisted of 14706 (50.9% female) participants aged 25-64 years, with generally higher participa-
tion proportions among older people. Approximately 70% of the sample lived in rural areas
and most participants were of Kinh ethnicity. Men had higher average of years of schooling
and were more active than women. The proportion of subjects who smoked tobacco and the

Table 1. Characteristics* of survey participants.

Men Women
<50 years >50years <50 years >50years
(n = 3989) (n =2815) (n = 4770) (n=3132)

Ethnicity

Kinh 93.7% (3234/3981) 95.7% (2392/2806) 93.9% (3942/4766) 95.5% | (2664/3123)

Non-Kinh 6.3% (747/3981) 4.3% (414/2806) 6.1% (824/4766) 4.5% | (459/3123)
Residential areas

Urban 29.3% (1311/3989) 31.7% (1059/2815) 31.1% (1635/4770) 31.2% | (1188/3132)

Rural 70.7% (2678/3989) 68.3% (1756/2815) 68.9% (3135/4770) 68.8% | (1944/3132)
Years of schooling 8.8 (4.0) 8.2 (4.1) 8.1 (4.1) 59 (3.9)
Monthly income 80.0 (107.9) 65.7 (83.1) 76.1 (82.8) 57.9 | (69.3)
Smoking status

Never smoker 31.9% (1268/3979) 26.8% (778/2803) 98.7% (4683/4764) 95.5% | (2911/3122)

Ex-smoker 12.4% (562/3979) 21.3% (628/2803) 0.2% (11/4764) 1.2% | (59/3122)

Daily smoker 55.7% | (2149/3979) 51.9% | (1397/2803) 0.1% | (70/4764) 3.3% | (152/3122)
Alcohol intake

Low 56.3% | (2181/3989) 68.7% | (1967/2815) 97.2% | (4605/4770) 98.3% | (3038/3132)

Hazardous 17.5% | (717/3989) 142% | (387/2815) 1.9% | (120/4770) 1.2% | (69/3132)

Harmful 26.2% (1091/3989) 17.1% (461/2815) 0.9% (45/4770) 0.4% | (25/3132)
Standard drinks/day 4.7 (3.6) 4.0 (3.5) 1.7 (0.0) 1.5 | (0.0)
Fruit/veg intake 32 (2.1) 3.1 (2.0) 3.2 (2.0) 31 (19
Physical activity (min) 1395.7 (1524.2) 1071 (0) 1026.4 (1359.6) 935 | (1149.7)
Weight (kgs) 57.0 9.2) 55.9 (9.3) 49.8 (7.4) 50.4 | (8.5)
BMI (kg/mz) 21.5 (3.1) 21.4 (3.1) 21.3 (2.9) 22.0 | (3.4)
WC (cms) 74.5 (8.8) 76.2 9.2) 71.1 (8.1) 74.7 | (9.6)
WHRT 0.8 (0.1) 0.9 (0.1) 0.8 (0.1) 0.9 | (0.1)
WHiR# 0.5 (0.1) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1)
Cholesterol (mmol/L) 4.7 (0.7) 4.8 (0.8) 4.7 (0.7) 5.2 (0.8)
Raised cholesterol § 26.0% (906/3794) 34.3% (875/2700) 25.4% (1112/4565) 53.2% | (1508/2996)

* The data reported are mean (standard deviation) or percentage (relative frequency).

 Waist-to-hip ratio.
¥ Waist-to-height ratio.

S Total cholesterol > 5 mmol/L.

https://doi.org/10.1371/journal.pone.0256589.t001
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Table 2. Rank correlations of TC with measures of body size and fatness, socio-demographic characteristics, and behavioural factors by age group and sex.

Years of schooling
Monthly income
Smoking status
Alcohol intake status
Fruit/vegetable intake
Physical activity
Weight

BMI

wC

WHR¥

WHItR%

* denotes p<0.05,

** denotes p<0.01,
*** denotes p<0.001.
" Waist-to-hip ratio.

* Waist-to-height ratio.

https://doi.org/10.1371/journal.pone.0256589.t002

Men Women
<50 years >50years <50 years >50years
(n =3989) (n =2815) (n =4770) (n=3132)
0.03 0.08 * -0.03 0.03
0.06 * 0.10 ** 0.05 * 0.04
0.08 ** 0.01 0.01 0.08
0.05 0.02 0.05 -0.03
-0.01 0.02 -0.01 -0.03
-0.20 e -0.16 o -0.12 e -0.17 o
0.21 e 0.23 o 0.21 e 0.23 o
0.26 e 0.24 o 0.25 e 0.26 e
0.28 e 0.27 o 0.21 o 0.24 o
0.24 o 0.22 o 0.15 e 0.19 o
0.29 e 0.26 e 0.21 o 0.24 e

proportion who consumed alcohol were much higher among men than women. There was a
modest difference in mean WC between men and women but mean BMI, WHR and WHtR
were similar.

Table 2 presents rank correlation coefficients to summarise the associations of TC with
measures of body size and fatness, socio-demographic characteristics and behavioural factors
for men and women. The anthropometric indices most strongly associated with TC were WC
or measures based on girths for men, and weight or measures based on weight (particularly
BMI) for women. Other factors associated with TC were age and physical activity (both men
and women).

The sex-specific means of TC stratified by 5-year age group are depicted in Fig 1. The mean
TC of men increased with age group until reaching a plateau commencing with the 45-49
years of age group. The mean TC of women increased throughout the entire age range rising
from concentrations similar to those of men in young adulthood to higher values from age
group 50-54 years onwards, and with a noticeable step-up occurring for the 50-54 years of age
group. Commencing with that age group, the mean values of TC of middle-aged women
exceeded markedly those of their male counterparts, whereas in younger age groups the mean
TC levels for women were comparable to men.

The sex-specific means of two measures of body size and fatness—BMI and WC—stratified
by 5-year age group are depicted in Fig 2A and 2B. The relationships with age group are mildly
curvilinear in each case, with the mean values initially increasing before decreasing with
advancing age group, and without visual evidence of a mean shift in the grouped data such as
that in mean TC for women.

In analyses of single year of age data, a quadratic (increasing before decreasing) fit in age to
the TC data was statistically significant (p = 0.002) for men. The maximum fitted mean value
of TC was reached at age 56 years. For women, there was a step-up (p<0.001) of 3.5% (95% CI
1.9%, 5.1%) at age 50 years in the otherwise consistently increasing linear-in-age relationship.
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Mean total cholesterol

B Men BWomen

25-29  30-34  35-39  40-44 4549  50-54  55-59  60-64
Age group (years)

Fig 1. Mean of total cholesterol by age group and sex.

https://doi.org/10.1371/journal.pone.0256589.9001

In respect of the relationships of age with BMI or WC in single year of age data, quadratic
(increasing before decreasing) fits in age were statistically significant for men (BMI p = 0.002,
WC p<0.001) and women (BMI p<0.001, WC p<0.001). The maximum fitted mean values
for men were 44 years for BMI, and 52 years for WC. The maximum fitted mean values for
women were 47 years for BMI, and 57 years for WC. There were not material mean shifts for
either men or women: the largest found for women were 0.7% (95% CI -1.2%, 2.6%) at age 47
years in BMI, and 0.9% (95% CI -0.5%, 2.3%) at age 48 years in WC.

In consequence, adjusting for BMI, WC or other anthropometric indices did not eliminate
the estimated step-up in TC for women at age 50. Instead, Table 3 shows that the estimate was
increased by adjustment for weight or BMI. That increase on adjustment requires the step-up
to be greatest, on average, for women of lesser weight or BMI. Adjusting instead or adjusting
additionally for indices based on girth produced only minor reductions in the estimated step-
up. Adjustment for socio-demographic characteristics and behavioural factors for women that
were associated with TC levels had limited impact also (see Table 3).

Also shown in Table 3 are estimates of the step-up within strata of weight for age. In this
sample, the greatest step-up was that estimated for women in the middle third of weight for
age. The estimated step-up was least for women in the highest third, and intermediate for
women in the lowest third. At age 50 years, the range of weights for women in this sample
were 34.0-46.7 kgs (lowest third), 46.8-53.6 kgs (middle third) and 53.7-70.7 kgs (highest
third). The results (not shown) for stratifications by BMI or girths resembled very closely those
for stratification by weight.
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B)

Fig 2. Means of body mass index (A) and waist circumference (B) by age group and sex.
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https://doi.org/10.1371/journal.pone.0256589.9002
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Table 3. Estimates of the step-up in the mean value of TC occurring at around 50 years of age for women in Vietnam.

Estimate of age at step-up TC without step-up TC with step-up Percentage increase
Mean | (95% CI) Mean | (95% CI) Step-up | (95% CI)
Unadjusted 50 4.73 (4.68,4.77) 4.89 (4.85,4.93) 3.5% (1.9%, 5.1%)
Adjusted for
Weight 50 4.70 (4.65,4.75) 4.90 (4.86,4.94) 4.2% (2.6%, 5.8%)
BMI 50 4.70 (4.65,4.75) 4.88 (4.84,4.93) 4.0% (2.4%, 5.6%)
WC 50 4.72 (4.67,4.77) 4.88 (4.84,4.93) 3.5% (1.9%, 5.1%)
WHR 50 4.73 (4.68,4.78) 4.88 (4.84,4.93) 3.3% (1.6%, 4.9%)
WtHR 50 4.72 (4.67,4.77) 4.87 (4.83,4.92) 3.3% (1.7%, 4.9%)
BMI and WC 50 4.70 (4.65, 4.75) 4.88 (4.84,4.92) 3.9% (2.3%, 5.5%)
BMI and WHR 50 4.70 (4.65, 4.75) 4.88 (4.84,4.92) 3.8% (2.2%, 5.4%)
BMI and WtHR 50 470 | (4.65,4.75) 488 | (4.84,4.92) 3.8% (2.2%, 5.4%)
BMI and years of schooling 50 4.70 (4.65, 4.75) 4.87 (4.83,4.92) 3.7% (2.1%, 5.4%)
BMI and monthly income 50 470 | (4.65,4.75) 488 | (4.83,4.93) 3.9% (2.1%, 5.7%)
BMI and smoking 50 469 | (4.48,4.89) 500 | (4.79,5.21) 6.7% (-1%, 14.4%)
BMI and alcohol 50 4.62 (4.50, 4.73) 4.85 (4.74,4.97) 5.1% (1.2%, 9.0%)
BMI and fruit/vegetable intake 50 4.70 (4.65, 4.74) 4.88 (4.83,4.92) 3.9% (2.2%, 5.5%)
BMI and physical activity 50 4.76 (4.71, 4.82) 4.94 (4.89, 4.99) 3.7% (2.0%, 5.4%)
Stratified by weight category*
Lowest third of weight for age 48 4.53 (4.44,4.61) 4.70 (4.62,4.78) 3.9% (0.6%, 7.1%)
Middle third of weight for age 50 4.62 (4.54,4.71) 4.93 (4.86,5.01) 6.7% (3.8%, 9.7%)
Highest third of weight for age 50 491 (4.82,5) 5.05 (4.98, 5.12) 2.9% (0.1%, 5.6%)

* For women of age 50 years, the weight tertiles were 46.7, 53.6 and 70.7 kgs, and the thirds were 34.0-46.7 kgs, 46.8-53.6 kgs and 53.7-70.7 kgs.
" Weight-to-(height)® ratio.

¥ Waist-to-hip ratio.

$ Waist-to-height ratio.

https://doi.org/10.1371/journal.pone.0256589.t003

Discussion

The key finding of this cross-sectional study was that the mean TC of women increased more
of less continuously across the age range but with a step-up at age 50 years to reach higher con-
centrations than those of their male counterparts in a reversal of the male-female difference at
lesser adult ages. The estimated step-up was not eliminated by adjustment for anthropometric
indices including BMI or WC, or for socio-demographic characteristics or behavioural factors.
The estimated step-up was least for women with greatest weight or greatest weight relative to
height or WC.

Higher concentrations of TC among young adult men than among young adult women,
and the reversal of the sex difference at mid-life that we observed, have been described previ-
ously in published reports of studies conducted in Netherlands [7] and England [14]. The
reversal can be identified in summary data from cross-sectional surveys conducted in Australia
[5]. In Asian populations, the same has been observed in Korea [16, 27] China [9], and India
[11].

There is general consensus that the increases in TC across the young to middle-aged adult
lifespan are related to increasing body size and fatness. The distribution of body fat may be an
important determinant of sex differences in lipids, but possibly more so for triglycerides and
HDL cholesterol than for TC [20, 28]. In our cross-sectional data, the women reached higher
peak values of BMI and similar peak values of WC in their mid-50s, around 3 to 5 years of age
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later than the men. For this reason, it might be expected that the higher male-than-female
mean values of TC found among younger subjects would be reversed among those subjects
who had reached mid-life. On the other hand, our cross-sectional data on body size and fat dis-
tribution provided no reason to expect the step-up in TC for women that was found at age 50
years. In consequence, adjusting for anthropometric indices of body size and fatness attenuate
the estimate of the step-up suggesting it was not due to increases in that factor.

Ageing, menopause, and increased risk of CVD for women occur concurrently [15]. Lipid
profiles change around the time of menopause, in part related to chronologic aging and in part
related to the menopausal transition itself [15]. Changes in TC during the menopausal transi-
tion for middle-aged women have been observed in both cross-sectional and longitudinal
studies. A cross-sectional analysis of 3,312 UK midlife women free from hormonal treatment
demonstrated women who were post-menopausal, compared with those who were pre-meno-
pausal, had higher concentrations of multiple lipoprotein lipids, particularly LDL-cholesterol,
and increased concentrations of fatty acids and several non-lipid measures [14].

The menopausal transition has been linked with an accelerated increase in TC of women in
longitudinal studies conducted in the United States [13, 29], Australia [30], and China [10].
The estimated step-up in this study occurred at an age by which many or most women would
have completed or nearly completed the menopausal transition. The average age of menopause
in Vietnam has been reported to be 48 or 49 years [31], and this coincides remarkably closely
with the pronounced increases in mean levels of TC at age 50 years we observed. Biologically,
estrogens are a group of sex hormones that promote the development and maintenance of
female characteristics in the human body [32]. Estrogen can reduce triglycerides synthesis,
increase liver uptake of LDL-cholesterol and secretion of cholic acid, accelerate cholesterol
removal in vivo, and thereby reduce the serum triglycerides, TC and LDL-cholesterol levels
[33, 34]. Reduced estrogen levels at menopause dampen the metabolic activity of macrophages,
and thereby contribute to lipid accumulation.

A consideration in this study was whether weight modifies the relationship between TC
and estrogen levels during the menopausal transition. In the Study of Women’s Health Across
the Nation (SWAN)), a large prospective study conducted in 7 sites in the USA, the heaviest
women had the smallest increases in TC while the lightest women experienced the greatest
increases in TC during the menopausal transition [13]. In this population sample also, the esti-
mated step-up in TC was markedly lower for women of greatest weight or greatest weight rela-
tive to height, or greatest WC. The lightest Vietnamese women did not have the greatest step-
up, however. Those women were much lighter in weight than any in the SWAN, and it may be
that the SWAN finding does not extend to the lower end of the range of body weights that
exists for women in the Vietnamese population.

Sociodemographic characteristics and lifestyle factors may have an effect on lipid profiles
[35, 36], and associations of these factors with TC have been observed in some studies [37, 38].
Nevertheless, these factors did not explain the step-up in TC among middle-age Vietnamese
women. This is consistent with the findings of longitudinal studies of mainly Western women
in the United States [13] and Melbourne [30].

This study has several strengths. The data were collected from a nationally-representative
survey of the Vietnamese population. The large sample was stratified by sex and rural/urban
location, and the availability of data on range of lifestyle risk factors for non-communicable
disease made it possible to take account of potential confounding factors. All measurements
were made by trained staff in accordance with standardised protocols designed by the WHO.
All participants fasted in preparation for the test of TC. That the Vietnamese population is rel-
atively slim in comparison to Western populations, and naive in respect of HRT, arguably pro-
vided greater opportunity to observe increases in the TC concentrations of the middle-aged
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women in this study. That few of the women smoked or drank alcohol might have been an
advantage also.

However, this study has some limitations that need to be taken into account. First, whilst
the response proportion was high given the demands of participation in the study, the possibil-
ity of non-participation bias cannot be discounted. Second, some environmental factors such
as years of smoking, alcohol consumption, fruit/vegetable serves, and physical activity were
self-reported. Nevertheless, we used the STEPS standardised questionnaires administered in
accordance with WHO protocols in an attempt to ensure consistency in measurement, and in
our hands, the self-reported data had some evidence of construct validity [23-26]. Third, study
participants contributed a single blood sample for cholesterol assessment, and hence intraindi-
vidual variation in cholesterol level could not be assessed or taken into account. Moreover,
participants were excluded if they reported taking medication to lower T'C. Fourth, informa-
tion was not collected on the menopausal status of our female participants. Those aged 50
years would have been in a mixture of stages of menopause, and this is likely to have obscured
partially the true step-up that occurred. In addition, we did not have information on use of
HRT, though it is thought to be limited in Vietnam and confined to women of higher wealth.
Fifth, we did not have detailed measurements of some important risk factors for NCD includ-
ing diet. Failing to adjust for such factors may have influenced the findings. Sixth, this paper
does not assess the influence of comorbidities related to blood lipid concentrations, because
there was no need to. Elsewhere we have described the inter-dependence of raised blood pres-
sure and elevated blood glucose [39] that should prevent hypertension and hyperglycaemia
being modelled in isolation of each other. Seventh, general adiposity and central adiposity that
BMI and waist circumference are surrogate markers at best of whatever it is about body size
and fatness that confers risk of hypercholesteremia. Finally, we cannot discount cohort effects
in this study given that these are cross-sectional data.

In conclusion, there is a marked step-up in TC at age 50 years for Vietnamese women that
cannot be explained by their age, or by their body fatness or its distribution, or by their socio-
demographic characteristics or behavioural factors, and which results in greater mean levels of
TC for middle-aged women than for their male counterparts in Vietnam. Cholesterol reduc-
tion is effective in reducing morbidity and mortality from CVD, and there may be a case for
the Government of the Socialist Republic of Vietnam to invest in HRT. Standard clinic guide-
lines on HRT in Vietnam have not been developed or issued. The gender and age differences
in TC levels found in this study suggest that middle-aged Vietnamese women should be the
prioritized target for better control of dyslipidaemia and early prevention of cardiovascular
disease.

Supporting information

S1 Appendix. Study sampling method.
(DOCX)

$2 Appendix. Stages of sampling (PPS = probability proportional to size of population).
(DOCX)

Author Contributions

Conceptualization: Christopher Leigh Blizzard, Khue Ngoc Luong, Ngoc Le Van Ngoc
Truong, Bao Quoc Tran, Petr Otahal, Thuy Bich Au.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256589  August 20, 2021 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256589.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256589.s002
https://doi.org/10.1371/journal.pone.0256589

PLOS ONE

Total cholesterol and risk factors

Data curation: Christopher Leigh Blizzard, Khue Ngoc Luong, Ngoc Le Van Ngoc Truong,
Bao Quoc Tran, Petr Otahal, Tan Van Bui, Velandai Srikanth, Thuy Bich Au, Son Thai Ha,
Hai Ngoc Phung, Mai Hoang Tran, Michele Callisaya.

Formal analysis: Nga Thi Thu Tran, Petr Otahal.

Investigation: Christopher Leigh Blizzard.

Methodology: Christopher Leigh Blizzard, Petr Otahal.

Supervision: Christopher Leigh Blizzard, Mark R. Nelson, Costan G. Magnussen, Seana Gall.
Writing - original draft: Nga Thi Thu Tran.

Writing - review & editing: Nga Thi Thu Tran, Christopher Leigh Blizzard, Khue Ngoc
Luong, Ngoc Le Van Ngoc Truong, Bao Quoc Tran, Petr Otahal, Mark R. Nelson, Costan
G. Magnussen, Tan Van Bui, Velandai Srikanth, Thuy Bich Au, Son Thai Ha, Hai Ngoc
Phung, Mai Hoang Tran, Michele Callisaya, Seana Gall.

References

1.  World Health Organization. The global status report on non-communicable diseases. World Health
Organization, Geneva; 2010; p.25.

2. Erqou S, Kaptoge S, Perry PL, Di Angelantonio E, Thompson A, White IR, et al. Lipoprotein(a) concen-
tration and the risk of coronary heart disease, stroke, and nonvascular mortality. JAMA. 2009; 302
(4):412-23. https://doi.org/10.1001/jama.2009.1063 PMID: 19622820

3. Hajar R. Risk Factors for Coronary Artery Disease: Historical Perspectives. Heart Views. 2017. 18(3):
p. 109-114. https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS_106_17 PMID: 29184622

4. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, et al. Heart Disease and
Stroke Statistics-2021 Update: A Report From the American Heart Association. Circulation. 2021.
143(8): p. e254—e743. https://doi.org/10.1161/CIR.0000000000000950 PMID: 33501848

5. Carrington MJ and Stewart S. Australia’s cholesterol crossroads: an analysis of 199,331 GP patient rec-
ords. Baker IDI Heart and Diabetes Institute, Melbourne, Australia; 2011.

6. Woolf K, Reese CE, Mason MP, Beaird LC, Tudor-Locke C, Vaughan LA. Physical activity is associated
with risk factors for chronic disease across adult women’s life cycle. J Am Diet Assoc, 2008. 108(6):
p. 948-59. https://doi.org/10.1016/j.jada.2008.03.015 PMID: 18502225

7. BalderJW, de Vries JK, Nolte IM, Lansberg PJ, Kuivenhoven JA, Kamphuisen PW. Lipid and lipoprotein
reference values from 133,450 Dutch Lifelines participants: Age- and gender-specific baseline lipid val-
ues and percentiles. J Clin Lipidol, 2017. 11(4): p. 1055—-1064.e6. https://doi.org/10.1016/j.jacl.2017.
05.007 PMID: 28697983

8. Ambroz M, de Vries ST, Vart P, Dullaart RPF, Roeters van Lennep J, Denig P, et al. Sex Differences in
Lipid Profile across the Life Span in Patients with Type 2 Diabetes: A Primary Care-Based Study. J Clin
Med, 2021. 10(8). https://doi.org/10.3390/jcm10081775 PMID: 33921745

9. GuT, ZhouW, SunJ, Wang J, Zhu D, Bi Y. Gender and age differences in lipid profile among Chinese
adults in Nanjing: a retrospective study of over 230,000 individuals from 2009 to 2015. Exp Clin Endocri-
nol Diabetes. 2018; 126(7):429-36. https://doi.org/10.1055/s-0043-117417 PMID: 28895638

10. Zhou JL, Lin SQ, Shen Y, ChenY, Zhang Y, Chen FL. Serum lipid profile changes during the meno-
pausal transition in Chinese women: a community-based cohort study. Menopause. 2010; 17(5):997—
1003. https://doi.org/10.1097/gme.0b013e3181dbdc30 PMID: 20551848

11. Gupta R, Sharma M, Goyal NK, Bansal P, Lodha S, Sharma KK. Gender differences in 7 years
trends in cholesterol lipoproteins and lipids in India: Insights from a hospital database. Indian J
Endocrinol Metab. 2016. 20(2): p. 211-218. https://doi.org/10.4103/2230-8210.176362 PMID:
27042418

12. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, et al. Heart disease and stroke
statistics-2011 update: a report from the American Heart Association. Circulation. 2011; 123(4):e18—
e209. PMID: 21160056

13. Derby CA, Crawford SL, Pasternak RC, Sowers M, Sternfeld B, Matthews KA. Lipid changes during the

menopause transition in relation to age and weight: the Study of Women'’s Health Across the Nation.
Am J Epidemiol. 2009; 169(11):1352—61. https://doi.org/10.1093/aje/kwp043 PMID: 19357323

PLOS ONE | https://doi.org/10.1371/journal.pone.0256589  August 20, 2021 12/14


https://doi.org/10.1001/jama.2009.1063
http://www.ncbi.nlm.nih.gov/pubmed/19622820
https://doi.org/10.4103/HEARTVIEWS.HEARTVIEWS%5F106%5F17
http://www.ncbi.nlm.nih.gov/pubmed/29184622
https://doi.org/10.1161/CIR.0000000000000950
http://www.ncbi.nlm.nih.gov/pubmed/33501848
https://doi.org/10.1016/j.jada.2008.03.015
http://www.ncbi.nlm.nih.gov/pubmed/18502225
https://doi.org/10.1016/j.jacl.2017.05.007
https://doi.org/10.1016/j.jacl.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28697983
https://doi.org/10.3390/jcm10081775
http://www.ncbi.nlm.nih.gov/pubmed/33921745
https://doi.org/10.1055/s-0043-117417
http://www.ncbi.nlm.nih.gov/pubmed/28895638
https://doi.org/10.1097/gme.0b013e3181dbdc30
http://www.ncbi.nlm.nih.gov/pubmed/20551848
https://doi.org/10.4103/2230-8210.176362
http://www.ncbi.nlm.nih.gov/pubmed/27042418
http://www.ncbi.nlm.nih.gov/pubmed/21160056
https://doi.org/10.1093/aje/kwp043
http://www.ncbi.nlm.nih.gov/pubmed/19357323
https://doi.org/10.1371/journal.pone.0256589

PLOS ONE

Total cholesterol and risk factors

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wang Q, Ferreira DLS, Nelson SM, Sattar N, Ala-Korpela M, Lawlor DA. Lipid changes during the men-
opause transition in relation to age and weight: the Study of Women’s Health Across the Nation. Am J
Epidemiol, 2009. 169(11): p. 1352—61. https://doi.org/10.1093/aje/kwp043 PMID: 19357323

Chae CU, Derby CA. The menopausal transition and cardiovascular risk. Obstet Gynecol Clin North
Am. 2011; 38(3):477-88. PMID: 21961715

Lee Yh, Lee SG, Lee MH, Kim JH, Lee BW, Kang ES, et al. Serum cholesterol concentration and preva-
lence, awareness, treatment, and control of high low-density lipoprotein cholesterol in the Korea
National Health and Nutrition Examination Surveys 2008—2010: beyond the tip of the iceberg. J Am
Heart Assoc. 2014; 3(1):e000650. https://doi.org/10.1161/JAHA.113.000650 PMID: 24572249

Kapoor E, Collazo-Clavell ML, Faubion SS. Weight Gain in Women at Midlife: A Concise Review of the
Pathophysiology and Strategies for Management. Mayo Clin Proc, 2017. 92(10): p. 1552—1558. PMID:
28982486

Davis SR, Castelo-Branco C, Chedraui P, Lumsden MA, Nappi RE, Shah D, et al. Understanding weight
gain at menopause. Climacteric. 2012; 15(5):419-29. https://doi.org/10.3109/13697137.2012.707385
PMID: 22978257

Ko SH, Kim HS. Menopause-Associated Lipid Metabolic Disorders and Foods Beneficial for Postmeno-
pausal Women. Nutrients, 2020. 12(1). https://doi.org/10.3390/nu12010202 PMID: 31941004

Park JK, Lim YH, Kim KS, Kim SG, Kim JH, Lim HG, et al. Changes in body fat distribution through men-
opause increase blood pressure independently of total body fat in middle-aged women: the Korean
National Health and Nutrition Examination Survey 2007-2010. Hypertens Res, 2013. 36(5): p. 444-9.
https://doi.org/10.1038/hr.2012.194 PMID: 23235715

World Health Organization. WHO STEPS surveillance manual: The WHO STEPwise approach to
chronic disease risk factor surveillance. World Health Organization, Geneva 2008 [cited 2018 Septem-
ber 20]. http://www.who.int/chp/steps/manual/en/.

Bui TV, Blizzard L, Luong KN, Truong Nle V, Tran BQ, Ha ST, et al. Declining prevalence of tobacco
smoking in Vietnam. Nicotine Tob Res. 2015; 17(7):831-8. https://doi.org/10.1093/ntr/ntu202 PMID:
25332457

Bui TV, Blizzard CL, Luong KN, Truong Nle V, Tran BQ, Otahal P, et al. National survey of risk factors
for non-communicable disease in Vietnam: prevalence estimates and an assessment of their validity.
BMC Public Health. 2016. 16: p. 498. https://doi.org/10.1186/s12889-016-3160-4 PMID: 27286818

Bui TV, Blizzard CL, Luong KN, Truong Nle V, Tran BQ, Otahal P, et al. Physical activity in Vietnam:
estimates and measurement issues. PloS One. 2015; 10(10):e0140941. https://doi.org/10.1371/
journal.pone.0140941 PMID: 26485044

Bui TV, Blizzard CL, Luong KN, Van Truong NL, Tran BQ, Otahal P, et al. Alcohol consumption in Viet-
nam, and the use of 'standard drinks’ to measure alcohol intake. Alcohol Alcohol. 2016; 51(2):186—95.
https://doi.org/10.1093/alcalc/agv082 PMID: 26884509

Bui TV, Blizzard CL, Luong KN, Truong Nle V, Tran BQ, Otahal P, et al. Fruit and vegetable consump-
tion in Vietnam, and the use of a 'standard serving’ size to measure intake. BrJ Nutr. 2016; 116(1):149—
57. https://doi.org/10.1017/S0007114516001690 PMID: 27169783

Choi JS, Song YM, Sung J. Serum total cholesterol and mortality in middle-aged Korean women. Ath-
erosclerosis. 2007; 192(2):445-7. https://doi.org/10.1016/j.atherosclerosis.2007.03.006 PMID:
17466993

Schorr M, Dichtel LE, Gerweck AV, Valera RD, Torriani M, Miller KK, et al. Sex differences in body com-
position and association with cardiometabolic risk. Biol Sex Differ. 2018. 9(1): p. 28. https://doi.org/10.
1186/513293-018-0189-3 PMID: 29950175

Schubert CM, Rogers NL, Remsberg KE, Sun SS, Chumlea WC, Demerath EW, et al. Lipids, lipopro-
teins, lifestyle, adiposity and fat-free mass during middle age: the Fels Longitudinal Study. /nt J Obes.
2006; 30(2):251-60. https://doi.org/10.1038/sj.ij0.0803129 PMID: 16247511

Do KA, Green A, Guthrie JR, Dudley EC, Burger HG, Dennerstein L. Longitudinal study of risk factors
for coronary heart disease across the menopausal transition. Am J Epidemiol. 2000; 151(6):584—93.
https://doi.org/10.1093/oxfordjournals.aje.a010246 PMID: 10733040

Cuong DT. Risks and benefits of hormone replacement therapy. Ha Noi: Institute for the Protection of
the Mother and Newborn. 2017; [cited 2019 June 3]. https://www.gfmer.ch/Books/bookmp/143.htm.

Sohrabji F, Okoreeh A, Panta A. Sex hormones and stroke: beyond estrogens. Horm Behav. 2019;
111:87-95. https://doi.org/10.1016/j.yhbeh.2018.10.010 PMID: 30713101

Mauvais-Jarvis F, Clegg DJ, Hevener AL. The role of estrogens in control of energy balance and glu-
cose homeostasis. Endocr Rev. 2013; 34(3):309-38. https://doi.org/10.1210/er.2012-1055 PMID:
23460719

PLOS ONE | https://doi.org/10.1371/journal.pone.0256589  August 20, 2021 13/14


https://doi.org/10.1093/aje/kwp043
http://www.ncbi.nlm.nih.gov/pubmed/19357323
http://www.ncbi.nlm.nih.gov/pubmed/21961715
https://doi.org/10.1161/JAHA.113.000650
http://www.ncbi.nlm.nih.gov/pubmed/24572249
http://www.ncbi.nlm.nih.gov/pubmed/28982486
https://doi.org/10.3109/13697137.2012.707385
http://www.ncbi.nlm.nih.gov/pubmed/22978257
https://doi.org/10.3390/nu12010202
http://www.ncbi.nlm.nih.gov/pubmed/31941004
https://doi.org/10.1038/hr.2012.194
http://www.ncbi.nlm.nih.gov/pubmed/23235715
http://www.who.int/chp/steps/manual/en/
https://doi.org/10.1093/ntr/ntu202
http://www.ncbi.nlm.nih.gov/pubmed/25332457
https://doi.org/10.1186/s12889-016-3160-4
http://www.ncbi.nlm.nih.gov/pubmed/27286818
https://doi.org/10.1371/journal.pone.0140941
https://doi.org/10.1371/journal.pone.0140941
http://www.ncbi.nlm.nih.gov/pubmed/26485044
https://doi.org/10.1093/alcalc/agv082
http://www.ncbi.nlm.nih.gov/pubmed/26884509
https://doi.org/10.1017/S0007114516001690
http://www.ncbi.nlm.nih.gov/pubmed/27169783
https://doi.org/10.1016/j.atherosclerosis.2007.03.006
http://www.ncbi.nlm.nih.gov/pubmed/17466993
https://doi.org/10.1186/s13293-018-0189-3
https://doi.org/10.1186/s13293-018-0189-3
http://www.ncbi.nlm.nih.gov/pubmed/29950175
https://doi.org/10.1038/sj.ijo.0803129
http://www.ncbi.nlm.nih.gov/pubmed/16247511
https://doi.org/10.1093/oxfordjournals.aje.a010246
http://www.ncbi.nlm.nih.gov/pubmed/10733040
https://www.gfmer.ch/Books/bookmp/143.htm
https://doi.org/10.1016/j.yhbeh.2018.10.010
http://www.ncbi.nlm.nih.gov/pubmed/30713101
https://doi.org/10.1210/er.2012-1055
http://www.ncbi.nlm.nih.gov/pubmed/23460719
https://doi.org/10.1371/journal.pone.0256589

PLOS ONE

Total cholesterol and risk factors

34.

35.

36.

37.

38.

39.

Sai AJ, Gallagher JC, Fang X. Effect of hormone therapy and calcitriol on serum lipid profile in postmen-
opausal older women: association with estrogen receptor-alpha genotypes. Menopause. 2011; 18
(10):1101-12. https://doi.org/10.1097/gme.0b013e318217d41d PMID: 21712736

Muga MA, Owili PO, Hsu CY, Chao JC. Association of lifestyle factors with blood lipids and inflammation
in adults aged 40 years and above: a population-based cross-sectional study in Taiwan. BMC Public
Health. 2019. 19(1): p. 1346. https://doi.org/10.1186/s12889-019-7686-0 PMID: 31640644

Suliga E, Koziet D, Cies$la E, Rebak D, Gtuszek S. Factors Associated with Adiposity, Lipid Profile Disor-
ders and the Metabolic Syndrome Occurrence in Premenopausal and Postmenopausal Women. PLoS
One. 2016. 11(4): p. e0154511. https://doi.org/10.1371/journal.pone.0154511 PMID: 27128677

Kelley GA, Kelley KS, Tran ZV. Exercise, lipids, and lipoproteins in older adults: a meta-analysis. Prev
Cardiol. 2005; 8(4):206—14. https://doi.org/10.1111/..0197-3118.2005.03769.x PMID: 16230875

Aadahl M, von Huth Smith L, Pisinger C, Toft UN, Glumer C, Borch-Johnsen K, et al. Five-year change
in physical activity is associated with changes in cardiovascular disease risk factors: the Inter99 study.
Prev Med. 2009; 48(4):326-31. https://doi.org/10.1016/j.ypmed.2009.01.015 PMID: 19463487

Nga TTT, Blizzard CL, Khue LN, Le Van Ngoc T, Bao TQ, Otahal P, et al. The Interdependence of
Blood Pressure and Glucose in Vietnam. High Blood Press Cardiovasc Prev. 2021 Mar; 28(2):141-150.
https://doi.org/10.1007/s40292-020-00431-9 PMID: 33453048

PLOS ONE | https://doi.org/10.1371/journal.pone.0256589  August 20, 2021 14/14


https://doi.org/10.1097/gme.0b013e318217d41d
http://www.ncbi.nlm.nih.gov/pubmed/21712736
https://doi.org/10.1186/s12889-019-7686-0
http://www.ncbi.nlm.nih.gov/pubmed/31640644
https://doi.org/10.1371/journal.pone.0154511
http://www.ncbi.nlm.nih.gov/pubmed/27128677
https://doi.org/10.1111/j.0197-3118.2005.03769.x
http://www.ncbi.nlm.nih.gov/pubmed/16230875
https://doi.org/10.1016/j.ypmed.2009.01.015
http://www.ncbi.nlm.nih.gov/pubmed/19463487
https://doi.org/10.1007/s40292-020-00431-9
http://www.ncbi.nlm.nih.gov/pubmed/33453048
https://doi.org/10.1371/journal.pone.0256589

