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Abstract

Background Primary prevention of cardiovascular diseases (CVD) increasingly relies on monitoring global CVD risk
scores. Lack of evidence on socioeconomic inequality in these scores and the contributions that specific risk factors
make to this inequality impedes effective targeting of CVD prevention. We aimed to address this evidence gap by
measuring and decomposing socioeconomic inequality in CVD risk in the Philippines.

Methods We used data on 8462 individuals aged 40-74 years from the Philippines National Nutrition Survey and the
laboratory-based Globorisk equation to predict 10-year risk of a CVD event from sex, age, systolic blood pressure, total
cholesterol, high blood glucose, and smoking. We used a household wealth index to proxy socioeconomic status and
measured socioeconomic inequality with a concentration index that we decomposed into contributions of the risk
factors used to predict CVD risk. We measured socioeconomic inequalities in these risk factors and decomposed them
into contributions of more distal risk factors: body mass index, fat share of energy intake, low physical activity, and
drinking alcohol. We stratified by sex.

Results Wealthier individuals, particularly males, had greater exposure to all risk factors, with the exception

of smoking, and had higher CVD risks. Total cholesterol and high blood glucose accounted for 58% and 34%,
respectively, of the socioeconomic inequality in CVD risk among males. For females, the respective estimates were
63% and 69%. Systolic blood pressure accounted for 26% of the higher CVD risk of wealthier males but did not
contribute to inequality among females. If smoking prevalence had not been higher among poorer individuals,

then the inequality in CVD risk would have been 35% higher for males and 75% higher for females. Among distal risk
factors, body mass index and fat intake contributed most to inequalities in total cholesterol, high blood sugar, and, for
males, systolic blood pressure.
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Conclusions Wealthier Filipinos have higher predicted CVD risks and greater exposure to all risk factors, except
smoking. There is need for a nuanced approach to CVD prevention that targets anti-smoking programmes on the
poorer population while targeting diet and exercise interventions on the wealthier.

Key message

- Evidence on risk factor contributions to socioeconomic inequalities in cardiovascular disease (CVD) risk is
needed to target prevention programmes and meet the SDG target of a one third reduction in premature non-

communicable disease mortality by 2030.

- In the Philippines, wealthier individuals have higher predicted CVD risks and greater exposure to all risk factors,

except smoking.

- Total Cholesterol (TC) and High Blood Glucose (HBG) contribute most to the higher CVD risks of wealthier

Filipinos.

« Wealth inequalities in TC and HBG, and (for males) in systolic blood pressure, are mostly explained by differences
in body mass index and fat share of energy intake, and not by differences in physical exercise.
- To maximise impact, CVD prevention in the Philippines should target diet programmes on wealthier groups and

smoking programmes on poorer groups.

Keywords Cardiovascular disease, Risk factors, Blood pressure, Blood glucose, Cholesterol, Smoking, Socioeconomic,

Inequality, Decomposition, Philippines

Introduction

Low-cost primary prevention interventions can reduce
the large and accumulating burden of cardiovascular
disease (CVD) in low- and middle-income countries
(LMICs). [1-3] Realisation of this potential requires tar-
geting high risks among people who are asymptomatic,
have not previously experienced a CVD event, and yet
account for around three fifths of all CVD deaths [4].
There has been a shift in primary prevention away from
management of separate CVD risk factors, such as hyper-
tension, dyslipidemia, high blood glucose, and smoking,
to the assessment and control of CVD risk predicted
from these factors [3, 5-9]. And yet there is no evidence
from LMICs, or even from high-income countries, [10]
on socioeconomic inequality in predicted CVD risk bro-
ken down into the contributions of separate risk factors.
This impedes effective implementation of a risk-based
primary prevention strategy because information is lack-
ing to plan the targeted distribution of treatments that
meet the needs of high-risk groups.

The relatively few LMIC studies that have examined
associations between CVD risk and markers of socioeco-
nomic status (SES) have delivered mixed evidence on the
direction of the gradient [11-15]. More plentiful LMIC
evidence on socioeconomic inequalities in separate
CVD risk factors tends to show that higher SES groups
are more exposed to most risk factors, [11, 13, 16-26]
although this is not a universal finding [15, 27-29]. The
opposite socioeconomic gradient is usually found for
smoking tobacco [15, 16, 23, 24, 26, 30] and insufficient
consumption of fruit and vegetables [16, 23, 30].

In the Philippines, the burden of CVD — measured
by age-standardised disability-adjusted life years — has
increased relatively from 41% below the average for

Southeast Asia in 1990 to 10% above that average in
2019. [31] If this trend continues, the Philippines will not
reach the Sustainable Development Goal (SDG) target of
a one-third reduction in premature mortality from non-
communicable diseases (NCDs) until 2050. [32] Model-
ling suggests that the Philippines, along with 19 other
high CVD burden countries, could reach the SDG target
by 2030, as scheduled, through investment, at relatively
low cost, in the World Health Organization’s package of
essential NCD interventions (PEN). [33, 34] Evidence on
contributions to the socioeconomic pattern of CVD risk
could improve targeting and so help close gaps in the
implementation of the PEN, [34, 35] which includes risk-
based primary prevention of CVD, by better matching
the distribution of programme interventions, particularly
medicines, to the distribution of need.

This study aimed to measure socioeconomic inequal-
ity in CVD risks faced by Filipino men and women aged
40-74 years and to explain the inequality by estimating
contributions of the proximate risk factors used to pre-
dict CVD risk: age, raised blood pressure, high total cho-
lesterol, high blood glucose, and smoking. As far as we
know, this is the first study to make such a decomposition
of socioeconomic inequality in CVD risk. We also aimed
to identify contributions of more distal risk factors to
socioeconomic inequalities in proximate risk factors.

Methods

Sample design and selection

We used data from the nationally representative National
Nutrition Survey (NNS) conducted from June 2013 to
April 2014 in all regions and provinces of the Philip-
pines [36]. This stratified, multi-stage sample survey
had a response rate of 91.3% at the household level and
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91.5% at the individual level (Supplementary Text S1 for
sample design) [36]. Partially overlapping sub-samples
of participants were randomly selected for blood tests,
anthropometric and blood pressure measurements, and
completion of a health interview. Response rates for these
components ranged from 83-96% [36]. Th 2013 NNS was
the last one with complete data on fasting blood sugar
and lipid profile.

We restricted the analysis sample to participants aged
40 to 74 years who were included in the sub-samples ran-
domly selected for measurement of risk factors used to
predict CVD risk. The lower age limit was necessitated
by the CVD risk prediction equation we used. The upper
age limit was imposed to avoid inclusion of older people
with many comorbidities. We also excluded participants
who reported either having been diagnosed with CVD
or having experienced symptoms of myocardial infarc-
tion or stroke (sudden slurring of speech, or weakness
or numbness in part of the body that lasted more than
24 h). [37] For secondary analysis that sought to explain
socioeconomic inequality in proximate physiological risk
factors, we used a subset of the analysis sample that was
restricted to participants who were randomly selected to
provide data on body mass index (BMI), physical activity,
fat intake, and alcohol consumption, in addition to the
previously mentioned risk factors.

Measurements

Household and individual sociodemographic characteris-
tics were reported in face-to-face interviews. Nurses used
a non-mercurial sphygmomanometer and stethoscope
to measure blood pressure following standard procedure
(Supplementary Text S2). After a participant had fasted
overnight for 10-12 h, a registered medical technolo-
gist used venipuncture to draw a blood sample that was
analysed to determine total cholesterol (TC) (mmol/L)
and fasting blood sugar (FBS) (mg/dL). We excluded par-
ticipants with biologically implausible values of systolic
blood pressure (SBP) (<70 or >270 mmHg), TC (<1.75 or
>20 mmol/L), or FBS (<30 or >600 mg/dL) [37]. Health
professionals measured weight and height following stan-
dard procedures (Text S2). We calculated BMI from these
measurements.

Participants in random sub-samples reported health
behaviours. We classified those who reported currently
smoking tobacco as smokers. We defined those who
reported having at least one alcoholic beverage in the
past 30 days as alcohol drinkers. Using responses to the
WHO Global Physical Activity Questionnaire, we defined
low physical activity as metabolic equivalent activity less
than 600 min per week [38]. Using the 24-hour Food
Recall method, we calculated fat intake as a percentage
share of total dietary energy for each participant (Text
S2).
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We measured SES by a household wealth index that
was the first principal component of a factor analysis of
ownership of durable assets, transport mode, housing
type and materials, water source, sanitation, and elec-
tricity supply (Text S2) [39]. Compared with educational
attainment, the advantages of using a wealth index to
proxy SES are that it (a) captures more information, (b)
focuses more on living standards, (c) differentiates more
between individuals, and (d) is more comparable between
differently aged individuals.

Outcome

We used the Globorisk laboratory-based Eq. 3[7] to pre-
dict the probability of experiencing, within 10 years, a
fatal or non-fatal CVD event, defined as (a) death from
ischaemic heart disease or sudden cardiac death, (b)
death from stroke, or (c) non-fatal myocardial infarction
or stroke. We used the Philippines-calibrated equation to
predict this CVD risk of each participant using data on
their age, sex, SBP, TC, FBS, and smoking status (Supple-
mentary Text S3). The equation, which is valid at ages of
40 years and older, used diabetes status, which we prox-
ied by FBS>126 mg/dL and refer to as high blood glucose
(HBG) [40]. We also created a binary indicator of high
CVD risk, defined as CVD risk>20% [41-43].

Statistical analysis

We stratified all analyses by sex. In supplementary analy-
ses, we also stratified by urban/rural. For some analy-
ses, we used the wealth index to categorize participants
into quintile groups. Across these groups, we compared
means of CVD risk and the proximate risk factors. We
used a concentration index — a scaled covariance — to
quantify inequality in CVD risk over the full wealth index
distribution (Supplementary Text S4). [44, 45] A positive
(negative) value of the concentration index indicates that
wealthier (poorer) participants had higher CVD risk. We
used an index that measures absolute inequality and is
related to the slope index of inequality [46].

We used the Shapley value decomposition [47, 48] to
apportion the concentration index measure of inequal-
ity in CVD risk into contributions of the proximate risk
factors (Supplementary Text S5). We identified the con-
tribution of a risk factor by estimating the change in
the concentration index generated by the elimination of
inequality in that risk factor. To deal with path depen-
dence arising from nonlinearity of the risk prediction
equation, we calculated the contribution of a risk factor
for each possible sequence of eliminating inequality in all
risk factors. We then averaged the contributions of that
risk factor over all possible sequences. We eliminated
inequality in SBP, TC, HBG, and smoking by setting each
of these risk factors to its age- and sex-specific mean [47].
The contributions of these risk factors were effectively
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age-standardised in a way took account of the nonlin-
earity of the risk equation and interactions between age
and the risk factors. To get the contribution of age, we
subtracted the sum of the contributions of the other risk
factors from the concentration index for CVD risk. The
index minus the age contribution gives Age-standardized
inequality.

A positive (negative) contribution of a risk factor indi-
cated that it caused wealthier (poorer) individuals to have
higher predicted CVD risk. The direction and magni-
tude of each contribution depended on socioeconomic
inequality in the respective risk factor, the effect of the
risk factor on predicted CVD risk, and the extent to
which that effect differed along the wealth index distri-
bution due to interactions with other wealth-varying risk
factors that were captured by the nonlinear risk predic-
tion equation. We used the concentration index to mea-
sure inequality in each risk factor. We used the Globorisk
equation to obtain the average marginal effect (AME) on
predicted risk of an age- and sex-specific one standard
deviation increase in each risk factor. We also averaged
the marginal effects within each wealth index quintile
group to examine differences arising from multiplicative
effects of risk factors combined with differences in their
levels and composition by wealth.

We decomposed inequality in predictions of the three
physiological risk factors — SBP, TC, and HBG - into
contributions of more distal risk factors — BMI, low phys-
ical activity, fat intake, and drinking alcohol. We mod-
elled each of SBP, TC, and HBG as a function of the distal
risk factors and age. For SBP and TC, we used a gener-
alised linear model (GLM) with a Poisson distribution
and a log link function. For HBG, we used logit. We used
the estimates to predict SBP, TC, and the probability of
HBG. We used the concentration index [44] to measure
socioeconomic inequality in each predicted physiological
risk factor and decomposed the respective index into the
contributions of the four distal risk factors and age using
the Shapley value decomposition [47].

We applied sample weights in all analyses. We adjusted
the weights for selection into the complete cases sample
(Supplementary Text S6). [49] We adjusted confidence
intervals to take account of sample stratification and
clustering. We used a bootstrap with 1000 repetitions
to obtain confidence intervals for the decomposition
estimates.

Results

Participant characteristics

From a sample of 51 771 individuals of aged 40-74 years
in the core 2013 NNS, we obtained a primary analysis
sample of 8462 individuals who were randomly selected
for survey modules used to predict CVD risk and had
complete response on requisite items (Supplementary
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Figure S1). This sample was used to measure and decom-
pose inequality in CVD risk. A secondary analysis sub-
sample of 2900 individuals who were randomly selected
for survey modules providing data on the distal risk fac-
tors was used to explain inequality in SBP, TC, and HBG
(Figure S1). Within the selected age interval and after the
application of weights, characteristics of both analysis
samples were very similar to the core NNS survey sample
(Supplementary Table S1).

Table 1 shows characteristics of both analysis samples
stratified by sex. The average age was around 52 years.
The samples were approximately evenly split between
urban and rural locations. Around 30% of participants
had high SBP (=140 mmHg). High TC (>6.2 mmol/L)
was measured in around 30% of female participants and
19% of male participants. Approximately 9% of partici-
pants had HBG (=126 mg/dL).

Disparities in CVD risk and proximate risk factors

Figure 1 shows means for risk of a fatal or non-fatal CVD
event within 10 years and the risk factors used to pre-
dict this risk by wealth index quintile group. For males,
mean CVD risk was 14.7% (95% CI: 14.1%, 15.3%) among
the poorest fifth, compared with 19.3% (95% CI: 18.3%,
20.3%) among the richest fifth. The socioeconomic gradi-
ent in the prevalence of high CVD risk (=20%) was even
steeper. For females, the socioeconomic gradient in each
outcome was much less pronounced than the respective
gradient for males. The respective socioeconomic gradi-
ent in the risk of a fatal CVD event was smaller absolutely
but not relatively (Supplementary Figure S2). The means
of most of the CVD risk factors were higher in wealth-
ier groups, particularly for males. Smoking showed the
reverse gradient.

All point estimates of the concentration indices for
CVD risk and the proximate risk factors, except for
smoking, are positive (Fig. 2), indicating that wealthier
individuals had higher risks. With the exceptions of
high CVD risk and SBP for females, the 95% confidence
intervals do not include zero. For both sexes, the con-
centration index for smoking is negative, indicating that
prevalence was higher among poorer individuals. For all
risks and risk factors, except age, the point estimates and
95% confidence intervals indicate greater socioeconomic
inequalities among males compared to females.

Decomposition of inequality in CVD risk

Figure 3 shows the concentration index of CVD risk fol-
lowed by its decomposition into the contributions of the
risk factors. The top panel shows absolute contributions.
For each sex, these sum to the respective concentration
index for CVD risk. The bottom panel shows the relative
contributions that sum to 100%.
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Table 1 Participant characteristics

Page 5 of 11

Primary analysis sample

Secondary analysis sample

Female, n=4516 Male, n=3946 Female, n=1801 Male, n=1099
CVD risk, % mean (SD) 124 11.5) 17.1 (11.1) 123 (11.0) 174 (11.7)
High CVD risk>20% n (%) 871 18.3) 1,276 (31.8) 375 (18.5) 392 (31.5)
Age, years mean (SD) 52.7 9.2) 521 (8.8) 52.7 (9.2) 52.1 (8.8)
Systolic blood pressure (SBP), mmHg mean (SD) 1244 20.8) 1264 (19.8) 124.9 (21.1) 126.8 21.1)
High SBP > 140 mmHg n (%) 1,364 29.3) 1,312 (33.3) 555 (30.0) 383 (33.5)
Total cholesterol (TC), mmol/L mean (SD) 5.7 1.2) 52 (1.2) 5.7 (1.2) 53 (1.2)
High TC>6.2 mmol/L n (%) 1,366 29.8) 688 (19.1) 582 (31.3) 203 (19.3)
Fasting blood sugar (FBS), mg/dL mean (SD) 983 0) 99.8 (39.5) 973 (37.8) 993 (37.5)
High blood glucose > 126 mg/dL n (%) 371 3) 314 (8.9) 137 (7.5) 102 9.3)
Smoker, % n (%) 414 .5) 1,797 (45.1) 145 (7.5) 468 (43.5)
Wealth index quintile group n (%)
Poorest 1,073 20.0) 967 (20.0) 420 (20.0) 251 (20.1)
Poor 993 20.0) 876 (20.0) 382 (20.0) 223 (20.0)
Middle 899 20.0) 801 (20.0) 359 (20.0) 226 (20.0)
Rich 811 20.0) 701 (20.0) 339 (19.9) 210 (19.9)
Richest 740 19.9) 601 (20.0) 301 (20.0) 189 (20.0)
Urban location n (%) 1,957 52.4) 1,571 (50.7) 826 (52.2) 509 (50.8)
Body mass index (BMI), kg/m2 mean (SD) 242 (4.6) 232 (3.8)
Overweight, BMI> 25 n (%) 682 (41.1) 314 (29.5)
Low physical activity n (%) 1,018 (55.6) 569 (52.4)
Fat share energy intake, % mean (SD) 149 (8.6) 138 (8.4)
Drinks alcohol n (%) 207 (1.1 535 (50.1)

Note. The primary analysis sample was used to measure and decompose inequality in CVD risk. The secondary analysis sample was used to measure and decompose
inequalities in SBP, TC, and HBG into contributions of BMI, low physical activity, fat intake, and drinking alcohol. See Supplementary Figure S1 for selection of the
respective samples. Frequencies are unweighted. Means and percentages are weighted

For both sexes, age contributed to the higher CVD risk
of wealthier individuals. This is because risk increased
with age and wealthier people tended to be older (Figs. 1
and 2). Age accounted for 17% and 46% of the socioeco-
nomic inequality in CVD risk for males and females,
respectively. For males, the distribution of SBP accounted
for about a quarter of the inequality in CVD risk that is
to the disadvantage of wealthier individuals. SBP did not
contribute to the higher CVD risk of wealthier women.
TC and HBG accounted for 58% and 34%, respectively, of
the socioeconomic inequality in CVD risk for males, and
63% and 69%, respectively, for females. For both sexes,
smoking had a large offsetting effect — 35% for males and
75% for females — that pushed inequality in the direction
of higher risk for poorer individuals.

Figure 4 shows risk equation estimates of the AME of
each risk factor on predicted CVD risk for the popula-
tion and each wealth group. For males, a standard devia-
tion increase in each of HBG and smoking raised the
predicted CVD risk by about 2% points (pp). The AME
of a standard deviation increase in SBP was larger, while
that of TC was smaller. For females, the largest AME was
from HBG, followed by SBP, smoking, and TC. The AME
of each risk factor, except for smoking among females,
was larger in wealthier groups, implying a more detri-
mental composition of risk factors in these groups.

To facilitate comparison of effects across risk factors,
we show the AME of a standard deviation increase in
each. When we scaled the AME by the range of each risk
factor, which is more relevant to the contribution each
makes to the concentration index measure of CVD risk
inequality, then TC had the largest and most heteroge-
neous effect (Supplementary Table S2). That is why TC
made the largest contribution to CVD risk inequality for
males.

Mean CVD risk was higher in urban than in rural loca-
tions, particularly for males (Supplementary Table 3). For
both sexes, the excess CVD risk of wealthier compared
with poorer individuals was greater in rural areas (Sup-
plementary Figure S3). This was due to larger contribu-
tions of SBP and, particularly, TC to the socioeconomic
inequality in rural areas (Figure S3).

Decomposition of inequality in physiological CVD risk
factors

The positive concentration indices for BMI, low physi-
cal activity, and fat share of energy intake shown in Fig. 5
indicate that wealthier individuals were more exposed
to each of these distal risk factors. Alcohol consumption
displayed no socioeconomic inequality among males and
was more prevalent among poorer females.
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Fig. 1 Mean CVD risk and risk factors by wealth index quintile group and
sex. Individuals aged 40-74 years. Females: n=4516. Males: n=3946. Whis-
kers show 95% confidence intervals. P values from tests of equal means
across groups

Index [ 95%Cl ]
0.039 (0.031, 0.047)
u Male - .
VD risk | Femue o 0.012 (0.004, 0.019]
0.153 (0120, 0.186]
L 3
High CVD risk>20% k 0.017 [-0.009, 0.043]
—ah 0.035 (0,016, 0.053]
Age A 0.030 (0.012, 0.049]
" - 0023 (0.016, 0.030]
Systolic blood pressure L™ 0.005 [-0.002, 0.012]
0.041[0.036, 0.046)
-
Total blood cholesterol - 0.026 (0.021, 0.030]
0.106 [0.086, 0.126]
—— 4
High blood glucose 0.045 (0.027, 0.064]
-0.181 [-0.217, -0.146)
—
smoking -0.073 [-0.091, -0.054]

Fig. 2 Concentration index measure of socioeconomic inequality in CVD
risk and risk factors by sex. Females: n=4516. Males: n=3946. Whiskers
show 95% confidence intervals

Figure 6 shows relative contributions of the distal risk
factors to socioeconomic inequality in predictions of
each of SBP, TC, and HBG (Supplementary Figure S4 for
absolute contributions). BMI made the largest contribu-
tion to inequality in each of these three physiological risk
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Fig. 3 Decomposition of concentration index measure of socioeconomic
inequality in CVD risk into contributions of risk factors. Top panel shows
absolute contributions. Bottom panel shows these contributions as per-
centages of the concentration index. Females: n=4516. Males: n=3946.
Whiskers show 95% confidence intervals obtain from a bootstrap with
1000 replications
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within each wealth index quintile group by sex. Females: n=4516. Males:
n=3946. Whiskers show 95% confidence intervals obtain from a bootstrap
with 1000 replications. Q1= poorest 20%,..., Q5=richest 20%. All = Aver-
age over all individuals
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Index [ 95%Cl ]
0.015 [-0.022, 0.052)
0.032 [0.003, 0.062]

= Male
Age A Female

- 0.050 (0.041, 0.058]
0.054 [0.046, 0.062]

Body mass index

Low physical activity - - 0.153 (0.086, 0.221]

0.054 [0.001, 0.107)

0.078 (0.068, 0.089]

Fat share, % energy intake -
* 0.083 [0.075, 0.092]

Alcohol in last 30 days -0.002 [-0.070, 0.067)

-0.043 [-0.077, -0.009]

Fig.5 Concentration index measure of socioeconomic inequality in distal
risk factors and age by sex. Females: n=1801. Males: n=1099. Whiskers
show 95% confidence intervals

A Male

Systolic
blood
pressure !

Total cholesterol

High blood glucose

8. Female

Systolic
blood
pressure

Total cholesterol

High blood glucose

Fig. 6 Decomposition of concentration index measure of socioeconomic
inequality in predicted SBP, TC, and HBG into relative (%) contributions of
distal risk factors. Females: n=1801. Males: n=1099

factors, with HBG being a slight exception for males. Fat
share of energy intake also contributed substantially to
higher TC levels and to higher HBG prevalence experi-
enced by wealthier individuals. Fat intake contributed to
higher SBP among poorer females, which was due to an
unexpected negative estimated association between SBP
and fat intake (Supplementary Table 4). Low physical
activity and alcohol made relatively small contributions
to the inequalities that never exceeded 5%. Age differ-
ences contributed substantially to the higher levels of
SBP, TC, and HBG of wealthier women. For men, the age
contribution was more modest, and slightly offsetting in
the case of TC.

Discussion

We used nationally representative data on 8462 Filipinos
aged 40—74 years to measure sex-specific socioeconomic
inequality in the 10-year risk of a cardiovascular event
predicted with the laboratory-based Globorisk equa-
tion. We decomposed this inequality into contributions
of risk factors: age, systolic blood pressure (SBP), total
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cholesterol (TC), high blood glucose (HBG), and smok-
ing. We found that wealthier Filipinos had higher CVD
risks, particularly among males. This could signal poten-
tial for a further rise in the CVD burden, which is already
relatively high in the Philippines, [33, 50] as the country
develops economically. Development may also lead to
weakening of the gradient, or even its reversal [15, 23, 24,
30, 51].

All proximate risk factors, with the exceptions of smok-
ing for both sexes and SBP for females, contributed to
wealthier individuals facing higher CVD risks. This was
due to wealthier individuals being more exposed to each
risk factor, with the noted exceptions, and because the
predicted CVD risks of these individuals responded more
to a marginal increase in each risk factor, except for the
effect of smoking on females. The latter heterogeneity
was because greater exposure to one risk factor increased
the marginal effects of others. For both sexes, TC and
HBG contributed most to wealthier individuals having
higher CVD risks. Eliminating inequality in these risk
factors would leave little or no socioeconomic difference
in CVD risk among males and, due to the countervailing
effect of smoking, would leave poorer females facing a
higher risk of CVD. If smoking had not been more preva-
lent among poorer individuals, then inequality in CVD
risk to the disadvantage of the wealthier would have been
more than a third greater among males and three quar-
ters greater among females.

These findings point to the need for nuanced preven-
tion policies that combine use of a global risk score to
identify high risks with targeting of specific interventions
on populations depending on the factors contributing to
high risk. To maximise the impact of smoking prevention
programmes on CVD risk in the Philippines, they should
be targeted at poorer groups. Interventions to reduce lev-
els of cholesterol and blood sugar can have their greatest
impact by targeting wealthier individuals.

For both sexes, we found that inequalities in predicted
TC and HBG were mostly explained by inequalities in
BMI and fat share of energy intake. BMI was also the
largest contributor to the socioeconomic gradient in pre-
dicted SBP. The lower physical activity of wealthier indi-
viduals contributed much less to their greater exposure
to proximate, physiological risk factors for CVD. Inter-
ventions that focus on diet, as opposed to exercise, may
therefore be best placed to target excess risks of higher
SES groups in the Philippines, although it is not possible
to infer causal effects of such interventions from the sta-
tistical associations we estimated.

Our finding of higher CVD risk among wealthier Fili-
pinos is consistent with evidence from India [13] and
Tunisia [12]. But an analysis of 45 LMICs did not find
a consistent sign for the (partial) association between
CVD risk and wealth [15]. We found that not only was
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the average CVD risk higher for males than for females in
the Philippines, as has been found in many other LMICs,
[12, 13, 15, 41, 52—-54] but there was also a steeper socio-
economic gradient in the CVD risks of males. This differs
from evidence from India [13]. Consistent with what was
found in India, [13] we established that CVD risks were
lower but displayed greater socioeconomic inequality in
rural parts of the Philippines.

Our finding that wealthier Filipinos had higher (sys-
tolic) blood pressure is consistent with evidence on the
socioeconomic gradient in the prevalence of hyperten-
sion obtained from a systematic review of LMIC studies
[17], multi-LMIC studies, [19, 21] and individual LMIC
studies [13, 16, 18, 20]. There is, however, evidence of
a gradient in the opposite direction in some LMICs,
[27-29] and a multi-country study delivered mixed evi-
dence on the direction of this gradient [15]. In common
with our finding that wealthier Filipinos had higher TC
levels, all but one [27] of the relatively few LMIC studies
that examined socioeconomic inequality in high choles-
terol found higher prevalence among wealthier individu-
als [11, 16, 19, 22]. Similarly, our finding that HBG was
more prevalent among wealthier Filipinos is consistent
with most of the LMIC evidence, [11, 13, 16, 18-20, 22,
25] with the same exception [27]. Higher prevalence of
smoking among poorer Filipinos is consistent with the
predominant finding from LMICs [15, 16, 23, 26, 30].
Our findings that wealthier Filipinos had higher BMI and
lower physical activity are consistent with evidence from
multi-country studies [15, 26, 23, 24, 30].

The main strength of this study is that it went beyond
measurement of socioeconomic inequality in CVD risk
and inequalities in separate risk factors to identify con-
tributions the latter made to the former. Each contribu-
tion did not depend only on inequality in the respective
risk factor but also on its effect on predicted CVD risk
and how that differed by wealth due to interactions with
other wealth-varying risk factors. Hence, our approach
offers more insight than would be achieved by examin-
ing inequality in CVD risk alongside inequality in each
risk factor. For males, the latter approach would have
identified HBG as the risk factor that was most unequally
distributed to the disadvantage of richer individuals
and missed that TC makes the largest contribution to
inequality in CVD risk. We identified contributions to
variation in CVD risk that can be used to more effectively
target policies that seek to shift primary prevention of
CVD away from single risk factor management to assess-
ment and control of global risk [3-9]. Nationally repre-
sentative data on measured TC and FBS allowed us to
predict CVD risk with a laboratory-based equation and
avoid substantially underestimating risks of those indi-
cated to have diabetes [55].
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One limitation of the study is that the complete cases
sample is substantially smaller than the core survey sam-
ple. However, the difference is mainly due to selection
on age and random selection of participants for required
survey modules. Selection due to item non-response was
not high. A more important limitation is that the data
were collected in 2013-14. More recent data were not
available because the Covid-19 pandemic delayed the
ongoing round of the National Nutrition Survey. The
estimated contributions of risk factors depended on how
the Globorisk equation weighted and combined them
into a score. While this risk prediction equation that has
not been validated for the population of the Philippines,
it was purposefully designed to facilitate recalibration
for use in multiple countries. The level of predicted CVD
risk is known to depend on the risk equation used [13, 14,
56, 57]. This is inconsequential for our measurement and
decomposition of CVD risk inequality because we used a
measure of absolute inequality that is invariant to a level
shift in the outcome. And there is LMIC evidence that
the socioeconomic gradient in Globorisk-predicted CVD
risk is similar to that obtained with other risk Eqs. [13,
14] Globorisk predictions have been found to correlate
strongly with those obtained from the Framingham [58]
equation but less strongly with those from the WHO-
CVD [41] equation [57]. It would have been preferable
to establish robustness of our main findings to use of the
WHO-CVD equation. We used a single measurement of
FSB to indicate HBG, which is inconsistent with recom-
mendations for clinical diagnosis of diabetes [59]. While
this will have increased noise in the predictions of CVD
risk, it avoided biases that would have arisen if reported
diagnoses of diabetes had been used. A low estimated
mean fat share of energy intake may have been due to
bias in the 24-hour food recall method used. Our analysis
was descriptive, not causal. To decompose inequality in
predicted physiological risk factors, we estimated cross-
sectional partial associations between physiological and
distal risk factors. These estimates may be sensitive to the
model specification. This would be limiting if the objec-
tive were to identify causal effects. It is not limiting for
targeting of CVD prevention on the basis of associated
risk factors.

We measured and decomposed socioeconomic
inequality in predicted CVD risk and not in the incidence
of CVD events. Disparities in the diagnosis, treatment,
and control of CVD risk factors are generally found to
be to the disadvantage of lower socioeconomic groups
[21, 60-64]. Hence, while poorer individuals may be
less exposed to these risk factors, with the exception of
smoking, less access to preventive healthcare could pos-
sibly leave these individuals at greater risk of succumb-
ing to CVD, as was found in the PURE cohort study [24].
Our findings give reason to target interventions that
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are intended to reduce risk factor exposure (other than
smoking) on higher socioeconomic groups in the Philip-
pines, but they do not support such targeting of primary
prevention of CVD generally. Healthcare and pharma-
cological therapies aimed at controlling (as opposed to
preventing) risk factors, such as hypertension and dyslip-
idaemia, may well have greater effect if targeted on lower
socioeconomic groups.

This study undertook the first decomposition of socio-
economic inequality in CVD risk and revealed that
higher risk among wealthier Filipinos was mainly due to
socioeconomically skewed distributions of total choles-
terol and high blood glucose. In turn, the inequalities in
these proximate risk factors were mainly explained by
wealthier individuals having higher BMI and fat intake.
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