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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.

Risk factor contributions to socioeconomic 
inequality in cardiovascular risk 
in the Philippines: a cross-sectional study 
of nationally representative survey data
Callum Brindley1,2* , Tom Van Ourti1,2,3,4 , Joseph Capuno5 , Aleli Kraft5 , Jenny Kudymowa3,6 and 
Owen O’Donnell1,2,3,4,7

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-5478-3974
http://orcid.org/0000-0003-0110-770X
http://orcid.org/0000-0003-3879-9551
http://orcid.org/0000-0002-6883-8817
http://orcid.org/0000-0002-6289-1924
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-15517-x&domain=pdf&date_stamp=2023-4-12


Page 2 of 11Brindley et al. BMC Public Health          (2023) 23:689 

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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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



Page 3 of 11Brindley et al. BMC Public Health          (2023) 23:689 

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).

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 

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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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.

Table 1 Participant characteristics
Primary analysis sample Secondary analysis sample
Female, n = 4516 Male, n = 3946 Female, n = 1801 Male, n = 1099

CVD risk, % mean (SD) 12.4 (11.5) 17.1 (11.1) 12.3 (11.0) 17.4 (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) 52.1 (8.8) 52.7 (9.2) 52.1 (8.8)

Systolic blood pressure (SBP), mmHg mean (SD) 124.4 (20.8) 126.4 (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) 5.2 (1.2) 5.7 (1.2) 5.3 (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) 98.3 (39.0) 99.8 (39.5) 97.3 (37.8) 99.3 (37.5)

High blood glucose ≥ 126 mg/dL n (%) 371 (8.3) 314 (8.9) 137 (7.5) 102 (9.3)

Smoker, % n (%) 414 (8.5) 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) 24.2 (4.6) 23.2 (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) 14.9 (8.6) 13.8 (8.4)

Drinks alcohol n (%) 207 (11.1) 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
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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 

Fig. 4 Average marginal effect of an age- and sex-specific standard devia-
tion increase in each risk factor on CVD risk averaged over the sample and 
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

 

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

 

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

 

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
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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 

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 

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

 

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
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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].

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.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-023-15517-x.

Supplementary Material 1

Acknowledgements
We are grateful to the Food and Nutrition Research Institute, Department of 
Science and Technology (FNRI-DOST) for granting access to the 2013 National 
Nutrition Survey data and for comments on a draft.

Authors’ contributions
OO’D, JK, TVO, JC, and AK conceptualised the study. JC and AK acquired 
data access. CB and JK performed the data analysis. CB, JK, and OO’D wrote 
the first draft with input from TVO. All authors contributed to subsequent 
revisions and approved the manuscript prior to its submission. All authors are 
accountable for the research presented.

Funding
JC, AK, OO’D were supported by funding from the Swiss National Science 
Foundation (https://www.snf.ch) and the Swiss Agency for Development 
and Cooperation (https://www.eda.admin.ch/deza/en/home.html) through 
the Swiss Programme for Research on Global Issues for Development (http://
www.r4d.ch) grant 400640_160374 (PI: Jürgen Maurer). CB and TVO were 
supported by the Smarter Choices for Better Health initiative of Erasmus 
University Rotterdam. The content of the Article is solely the responsibility of 
the authors and does not necessarily represent the views of the funders, who 
had no role in study design, data collection and analysis, decision to publish, 
or preparation of the manuscript.

Data availability
The authors were given remote server access to the data underlying this 
article by the Food and Nutrition Research Institute, Department of Science 
and Technology (FNRI-DOST), Republic of the Philippines. The authors do not 
have permission to share the data. Access to Public Use Files of the National 
Nutrition Survey can be obtained on application to FNRI-DOST: http://
enutrition.fnri.dost.gov.ph/site/policy.php. The software code used to analyse 
the data underlying this article will be shared on reasonable request to the 
corresponding author.

Declarations

Ethics approval and consent to participate
The 2013 NNS received ethical approval by the FNRI Institutional Ethics 
Review Committee and participants signed informed consent forms affirming 
their voluntary participation in the survey. No further ethical approval was 
required for the secondary analysis conducted for this study. All methods were 
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Patient and public involvment
Patients or the public were not involved in the design, or conduct, or 
reporting, or dissemination plans of our research.

Competing interests
None declared.

Author details
1Erasmus School of Health Policy and Management, Erasmus University, 
1738, Rotterdam 3000 DR, The Netherlands
2Erasmus Centre for Health Economics, Erasmus University Rotterdam, 
Rotterdam, the Netherlands
3Erasmus School of Economics, Erasmus University Rotterdam, Rotterdam, 
the Netherlands
4Tinbergen Institute, Amsterdam, the Netherlands
5School of Economics, University of the Philippines Diliman, Diliman, The 
Philippines
6Rethink Priorities, Frankfurt, Germany
7Faculty of Economics and Business, University of Lausanne, Lausanne, 
Switzerland

Received: 6 October 2022 / Accepted: 24 March 2023

References
1. Lim SS, Gaziano TA, Gakidou E, et al. Prevention of cardiovascular disease 

in high-risk individuals in low-income and middle-income countries: 
health effects and costs. The Lancet. 2007;370(9604):2054–62. https://doi.
org/10.1016/S0140-6736(07)61699-7.

2. World Health Organization. Tackling NCDs. : “best Buys” and Other Recom-
mended Interventions for the Prevention and Control of Noncommunicable 
Diseases. World Health Organization; 2017. Accessed May 24, 2022. https://
www.who.int/publications-detail-redirect/WHO-NMH-NVI-17.9

3. World Health Organization. WHO Package of Essential Noncommuni-
cable (PEN) Disease Interventions for Primary Health Care. World Health 
Organization. 2020. Accessed May 24, 2022. https://apps.who.int/iris/
handle/10665/334186

4. Jackson R, Lawes C, Bennett D, Milne R, Rodgers A. Treatment with drugs 
to lower blood pressure and blood cholesterol based on an individual’s 
absolute cardiovascular risk. The Lancet. 2005;365(9457):434–41. https://doi.
org/10.1016/S0140-6736(05)70240-3.

5. World Health Organization, United States Centers for Disease Control and 
Prevention. Global Hearts Initiative: Working Together to Promote Cardio-
vascular Health. 2016. Accessed May 24, 2022. https://ncdalliance.org/sites/
default/files/resource_files/GHI_Brochure.pdf

6. Karmali KN, Lloyd-Jones DM, van der Leeuw J, et al. Blood pressure-lowering 
treatment strategies based on cardiovascular risk versus blood pressure: a 
meta-analysis of individual participant data. PLoS Med. 2018;15(3):e1002538. 
https://doi.org/10.1371/journal.pmed.1002538.

7. Herrett E, Gadd S, Jackson R, et al. Eligibility and subsequent burden of car-
diovascular disease of four strategies for blood pressure-lowering treatment: 
a retrospective cohort study. The Lancet. 2019;394(10199):663–71. https://
doi.org/10.1016/S0140-6736(19)31359-5.

8. Kahan T. Strategies to identify patients for antihypertensive treat-
ment. The Lancet. 2019;394(10199):615–7. https://doi.org/10.1016/
S0140-6736(19)31665-4.

9. Unger T, Borghi C, Charchar F, et al. 2020 International Society of 
Hypertension Global Hypertension Practice Guidelines. Hypertension. 
2020;75(6):1334–57. https://doi.org/10.1161/HYPERTENSIONAHA.120.15026.

10. Hamad R, Glymour MM, Calmasini C, Nguyen TT, Walter S, Rehkopf DH. 
Explaining the Variance in Cardiovascular Disease Risk factors: a comparison 
of demographic, socioeconomic, and genetic predictors. Epidemiology. 
2022;33(1):25–33. https://doi.org/10.1097/EDE.0000000000001425.

http://dx.doi.org/10.1186/s12889-023-15517-x
http://dx.doi.org/10.1186/s12889-023-15517-x
https://www.snf.ch
https://www.eda.admin.ch/deza/en/home.html
http://www.r4d.ch
http://www.r4d.ch
http://enutrition.fnri.dost.gov.ph/site/policy.php
http://enutrition.fnri.dost.gov.ph/site/policy.php
http://dx.doi.org/10.1016/S0140-6736(07)61699-7
http://dx.doi.org/10.1016/S0140-6736(07)61699-7
https://www.who.int/publications-detail-redirect/WHO-NMH-NVI-17.9
https://www.who.int/publications-detail-redirect/WHO-NMH-NVI-17.9
https://apps.who.int/iris/handle/10665/334186
https://apps.who.int/iris/handle/10665/334186
http://dx.doi.org/10.1016/S0140-6736(05)70240-3
http://dx.doi.org/10.1016/S0140-6736(05)70240-3
https://ncdalliance.org/sites/default/files/resource_files/GHI_Brochure.pdf
https://ncdalliance.org/sites/default/files/resource_files/GHI_Brochure.pdf
http://dx.doi.org/10.1371/journal.pmed.1002538
http://dx.doi.org/10.1016/S0140-6736(19)31359-5
http://dx.doi.org/10.1016/S0140-6736(19)31359-5
http://dx.doi.org/10.1016/S0140-6736(19)31665-4
http://dx.doi.org/10.1016/S0140-6736(19)31665-4
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://dx.doi.org/10.1097/EDE.0000000000001425


Page 10 of 11Brindley et al. BMC Public Health          (2023) 23:689 

11. Zaman MJ, Patel A, Jan S, et al. Socio-economic distribution of cardiovascular 
risk factors and knowledge in rural India. Int J Epidemiol. 2012;41(5):1302–14. 
https://doi.org/10.1093/ije/dyr226.

12. Saidi O, Malouche D, O’Flaherty M, et al. Assessment of cardiovascular risk 
in Tunisia: applying the Framingham risk score to national survey data. BMJ 
Open. 2016;6(11):e009195. https://doi.org/10.1136/bmjopen-2015-009195.

13. Geldsetzer P, Manne-Goehler J, Theilmann M, et al. Geographic and sociode-
mographic variation of cardiovascular disease risk in India: a cross-sectional 
study of 797,540 adults. PLOS Med. 2018;15(6):e1002581. https://doi.
org/10.1371/journal.pmed.1002581.

14. Cisse K, Samadoulougou S, Ouedraogo M, et al. Geographic and Sociode-
mographic Disparities in Cardiovascular Risk in Burkina Faso: findings from a 
Nationwide Cross-Sectional Survey. Risk Manag Healthc Policy. 2021;14:2863–
76. https://doi.org/10.2147/RMHP.S301049.

15. Peiris D, Ghosh A, Manne-Goehler J, et al. Cardiovascular disease risk profile 
and management practices in 45 low-income and middle-income countries: 
a cross-sectional study of nationally representative individual-level survey 
data. PLoS Med. 2021;18(3):e1003485. https://doi.org/10.1371/journal.
pmed.1003485.

16. Subramanian S, Corsi DJ, Subramanyam MA, Davey Smith G. Jumping the 
gun: the problematic discourse on socioeconomic status and cardiovascular 
health in India. Int J Epidemiol. 2013;42(5):1410–26. https://doi.org/10.1093/
ije/dyt017.

17. Busingye D, Arabshahi S, Subasinghe AK, Evans RG, Riddell MA, Thrift AG. Do 
the socioeconomic and hypertension gradients in rural populations of low- 
and middle-income countries differ by geographical region? A systematic 
review and meta-analysis. Int J Epidemiol. 2014;43(5):1563–77. https://doi.
org/10.1093/ije/dyu112.

18. Harshfield E, Chowdhury R, Harhay MN, Bergquist H, Harhay MO. Associa-
tion of hypertension and hyperglycaemia with socioeconomic contexts in 
resource-poor settings: the Bangladesh Demographic and Health Survey. Int 
J Epidemiol. 2015;44(5):1625–36. https://doi.org/10.1093/ije/dyv087.

19. Ali MK, Bhaskarapillai B, Shivashankar R, et al. Socioeconomic status and 
cardiovascular risk in urban South Asia: the CARRS Study. Eur J Prev Cardiol. 
2016;23(4):408–19. https://doi.org/10.1177/2047487315580891.

20. Biswas T, Islam MS, Linton N, Rawal LB. Socio-Economic Inequality 
of Chronic Non-Communicable Diseases in Bangladesh. PLoS ONE. 
2016;11(11):e0167140. https://doi.org/10.1371/journal.pone.0167140.

21. Palafox B, McKee M, Balabanova D, et al. Wealth and cardiovascular health: 
a cross-sectional study of wealth-related inequalities in the awareness, 
treatment and control of hypertension in high-, middle- and low-income 
countries. Int J Equity Health. 2016;15(1). https://doi.org/10.1186/
s12939-016-0478-6.

22. Quispe R, Benziger CP, Bazo-Alvarez JC, et al. The relationship between 
socioeconomic status and CV risk factors: the CRONICAS Cohort Study of 
peruvian adults. Glob Heart. 2016;11(1):121–30. https://doi.org/10.1016/j.
gheart.2015.12.005.

23. Allen L, Williams J, Townsend N, et al. Socioeconomic status and non-com-
municable disease behavioural risk factors in low-income and lower-middle-
income countries: a systematic review. Lancet Glob Health. 2017;5(3):e277–
89. https://doi.org/10.1016/S2214-109X(17)30058-X.

24. Rosengren A, Smyth A, Rangarajan S, et al. Socioeconomic status and risk 
of cardiovascular disease in 20 low-income, middle-income, and high-
income countries: the prospective urban rural epidemiologic (PURE) 
study. Lancet Glob Health. 2019;7(6):e748–60. https://doi.org/10.1016/
S2214-109X(19)30045-2.

25. Saidi O, Zoghlami N, Bennett KE, et al. Explaining income-related inequali-
ties in cardiovascular risk factors in tunisian adults during the last decade: 
comparison of sensitivity analysis of logistic regression and Wagstaff decom-
position analysis. Int J Equity Health. 2019;18(1):177. https://doi.org/10.1186/
s12939-019-1047-6.

26. Dieteren C, Bonfrer I. Socioeconomic inequalities in lifestyle risk factors across 
low- and middle-income countries. BMC Public Health. 2021;21(1):951. 
https://doi.org/10.1186/s12889-021-11014-1.

27. Howitt C, Hambleton IR, Rose AMC, et al. Social distribution of diabetes, 
hypertension and related risk factors in Barbados: a cross-sectional study. BMJ 
Open. 2015;5(12):e008869. https://doi.org/10.1136/bmjopen-2015-008869.

28. Veisani Y, Jenabi E, Nematollahi S, Delpisheh A, Khazaei S. The role of socio-
economic inequality in the prevalence of hypertension in adults. J Cardiovasc 
Thorac Res. 2019;11(2):116–20. https://doi.org/10.15171/jcvtr.2019.20.

29. Hessel P, Rodríguez-Lesmes P, Torres D. Socio-economic inequalities in high 
blood pressure and additional risk factors for cardiovascular disease among 

older individuals in Colombia: Results from a nationally representative study. 
Nunes BP, ed. PLOS ONE. 2020;15(6):e0234326. doi:https://doi.org/10.1371/
journal.pone.0234326

30. Hosseinpoor AR, Bergen N, Kunst A, et al. Socioeconomic inequalities in 
risk factors for non communicable diseases in low-income and middle-
income countries: results from the World Health Survey. BMC Public Health. 
2012;12(1):912. https://doi.org/10.1186/1471-2458-12-912.

31. Global Burden of Disease Collaborative Network (GBDCN). Global Burden of 
Disease Study 2019 (GBD 2019) Results. Institute for Health Metrics and Evalu-
ation (IHME). 2020. Accessed May 19, 2022. https://vizhub.healthdata.org/
gbd-results/

32. Bennett JE, Stevens GA, Mathers CD, et al. NCD countdown 2030: worldwide 
trends in non-communicable disease mortality and progress towards sus-
tainable development goal target 3.4. The Lancet. 2018;392(10152):1072–88. 
https://doi.org/10.1016/S0140-6736(18)31992-5.

33. Bertram MY, Sweeny K, Lauer JA, et al. Investing in non-communicable 
diseases: an estimation of the return on investment for prevention and treat-
ment services. The Lancet. 2018;391(10134):2071–8. https://doi.org/10.1016/
S0140-6736(18)30665-2.

34. World Health Organization. Prevention and Control of Noncommunicable 
Diseases in the Philippines. The Case for Investment. 2019. Accessed July 8, 
2022. https://www.who.int/docs/default-source/wpro---documents/coun-
tries/philippines/reports/prevention-and-control-of-noncommunicable-
diseases-in-the-philippines---the-case-for-investment.pdf

35. Capuno J, Kraft A, O’Donnell O. Effectiveness of clinic-based cardiovascular 
disease prevention: a randomized encouragement design experiment in 
the Philippines. Soc Sci Med. 2021;283:114194. https://doi.org/10.1016/j.
socscimed.2021.114194.

36. Food and Nutrition Research Institute Department of Science and Technol-
ogy (FNRI-DOST). Philippine Nutrition Facts and Fig. 2013: 8th National 
Nutrition Survey Overview. ; 2015. http://enutrition.fnri.dost.gov.ph/assets/
uploads/publications/Overview_8thNNS_050416.pdf

37. Hajifathalian K, Ueda P, Lu Y, et al. A novel risk score to predict cardiovascular 
disease risk in national populations (Globorisk): a pooled analysis of prospec-
tive cohorts and health examination surveys. Lancet Diabetes Endocrinol. 
2015;3(5):339–55. https://doi.org/10.1016/S2213-8587(15)00081-9.

38. World Health Organization. Global Physical Activity Questionnaire Guide. 
2014. Accessed October 26, 2021. https://www.who.int/ncds/surveillance/
steps/resources/GPAQ_Analysis_Guide.pdf

39. Filmer D, Pritchett LH. Estimating Wealth Effects without Expenditure Data-or 
tears: an application to Educational enrollments in States of India. Demogra-
phy. 2001;38(1):115. https://doi.org/10.2307/3088292.

40. World Health Organization, International Diabetes Federation. Definition and 
diagnosis of diabetes mellitus and intermediate hyperglycaemia: report of a 
WHO/IDF consultation. Published online 2006. Accessed October 26., 2021. 
https://apps.who.int/iris/handle/10665/43588

41. Kaptoge S, Pennells L, Bacquer DD, et al. World Health Organization car-
diovascular disease risk charts: revised models to estimate risk in 21 global 
regions. Lancet Glob Health. 2019;7(10):e1332–45. https://doi.org/10.1016/
S2214-109X(19)30318-3.

42. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the 
primary Prevention of Cardiovascular Disease: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. Circulation. 2019;140(11):e596–e646. https://doi.org/10.1161/
CIR.0000000000000678.

43. World Health Organization. Prevention of cardiovascular disease: Guide-
lines for assessment and management of cardiovascular risk. Published 
online 2007. Accessed October 26., 2021. https://apps.who.int/iris/
handle/10665/119878

44. Erreygers G. Correcting the Concentration Index. J Health Econ. 
2009;28(2):504–15. https://doi.org/10.1016/j.jhealeco.2008.02.003.

45. Erreygers G, Van Ourti T. Measuring socioeconomic inequality in health, 
health care and health financing by means of rank-dependent indices: 
a recipe for good practice. J Health Econ. 2011;30(4):685–94. https://doi.
org/10.1016/j.jhealeco.2011.04.004.

46. Pamuk ER. Social Class Inequality in Mortality from 1921 to 1972 in England 
and Wales. Popul Stud. 1985;39(1):17–31. https://doi.org/10.1080/003247203
1000141256.

47. Sastre M, Trannoy A. Shapley inequality decomposition by factor compo-
nents: some methodological issues. J Econ. 2002;77(S1):51–89. https://doi.
org/10.1007/BF03052500.

http://dx.doi.org/10.1093/ije/dyr226
http://dx.doi.org/10.1136/bmjopen-2015-009195
http://dx.doi.org/10.1371/journal.pmed.1002581
http://dx.doi.org/10.1371/journal.pmed.1002581
http://dx.doi.org/10.2147/RMHP.S301049
http://dx.doi.org/10.1371/journal.pmed.1003485
http://dx.doi.org/10.1371/journal.pmed.1003485
http://dx.doi.org/10.1093/ije/dyt017
http://dx.doi.org/10.1093/ije/dyt017
http://dx.doi.org/10.1093/ije/dyu112
http://dx.doi.org/10.1093/ije/dyu112
http://dx.doi.org/10.1093/ije/dyv087
http://dx.doi.org/10.1177/2047487315580891
http://dx.doi.org/10.1371/journal.pone.0167140
http://dx.doi.org/10.1186/s12939-016-0478-6
http://dx.doi.org/10.1186/s12939-016-0478-6
http://dx.doi.org/10.1016/j.gheart.2015.12.005
http://dx.doi.org/10.1016/j.gheart.2015.12.005
http://dx.doi.org/10.1016/S2214-109X(17)30058-X
http://dx.doi.org/10.1016/S2214-109X(19)30045-2
http://dx.doi.org/10.1016/S2214-109X(19)30045-2
http://dx.doi.org/10.1186/s12939-019-1047-6
http://dx.doi.org/10.1186/s12939-019-1047-6
http://dx.doi.org/10.1186/s12889-021-11014-1
http://dx.doi.org/10.1136/bmjopen-2015-008869
http://dx.doi.org/10.15171/jcvtr.2019.20
http://dx.doi.org/10.1371/journal.pone.0234326
http://dx.doi.org/10.1371/journal.pone.0234326
http://dx.doi.org/10.1186/1471-2458-12-912
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
http://dx.doi.org/10.1016/S0140-6736(18)31992-5
http://dx.doi.org/10.1016/S0140-6736(18)30665-2
http://dx.doi.org/10.1016/S0140-6736(18)30665-2
https://www.who.int/docs/default-source/wpro---documents/countries/philippines/reports/prevention-and-control-of-noncommunicable-diseases-in-the-philippines---the-case-for-investment.pdf
https://www.who.int/docs/default-source/wpro---documents/countries/philippines/reports/prevention-and-control-of-noncommunicable-diseases-in-the-philippines---the-case-for-investment.pdf
https://www.who.int/docs/default-source/wpro---documents/countries/philippines/reports/prevention-and-control-of-noncommunicable-diseases-in-the-philippines---the-case-for-investment.pdf
http://dx.doi.org/10.1016/j.socscimed.2021.114194
http://dx.doi.org/10.1016/j.socscimed.2021.114194
http://enutrition.fnri.dost.gov.ph/assets/uploads/publications/Overview_8thNNS_050416.pdf
http://enutrition.fnri.dost.gov.ph/assets/uploads/publications/Overview_8thNNS_050416.pdf
http://dx.doi.org/10.1016/S2213-8587(15)00081-9
https://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf
https://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf
http://dx.doi.org/10.2307/3088292
https://apps.who.int/iris/handle/10665/43588
http://dx.doi.org/10.1016/S2214-109X(19)30318-3
http://dx.doi.org/10.1016/S2214-109X(19)30318-3
http://dx.doi.org/10.1161/CIR.0000000000000678
http://dx.doi.org/10.1161/CIR.0000000000000678
https://apps.who.int/iris/handle/10665/119878
https://apps.who.int/iris/handle/10665/119878
http://dx.doi.org/10.1016/j.jhealeco.2008.02.003
http://dx.doi.org/10.1016/j.jhealeco.2011.04.004
http://dx.doi.org/10.1016/j.jhealeco.2011.04.004
http://dx.doi.org/10.1080/0032472031000141256
http://dx.doi.org/10.1080/0032472031000141256
http://dx.doi.org/10.1007/BF03052500
http://dx.doi.org/10.1007/BF03052500


Page 11 of 11Brindley et al. BMC Public Health          (2023) 23:689 

48. Davillas A, Jones AM. Ex ante inequality of opportunity in health, decomposi-
tion and distributional analysis of biomarkers. J Health Econ. 2020;69:102251. 
https://doi.org/10.1016/j.jhealeco.2019.102251.

49. Moore CG, Lipsitz SR, Addy CL, Hussey JR, Fitzmaurice G, Natarajan S. 
Logistic regression with Incomplete Covariate Data in Complex Survey 
Sampling: application of Reweighted estimating equations. Epidemiology. 
2009;20(3):382–90. https://doi.org/10.1097/EDE.0b013e318196cd65.

50. Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases and injuries in 
204 countries and territories, 1990–2019: a systematic analysis for the global 
burden of Disease Study 2019. The Lancet. 2020;396(10258):1204–22. https://
doi.org/10.1016/S0140-6736(20)30925-9.

51. Wetzel S, Geldsetzer P, Mani SS et al. Changing socioeconomic and 
geographic gradients in cardiovascular disease risk factors in India 
– Evidence from nationally representative household surveys. Pub-
lished online November 13, 2022:2022.11.11.22282234. doi:https://doi.
org/10.1101/2022.11.11.22282234

52. Gaziano TA, Pandya A, Steyn K, et al. Comparative assessment of absolute 
cardiovascular disease risk characterization from non-laboratory-based risk 
assessment in south african populations. BMC Med. 2013;11(1):170. https://
doi.org/10.1186/1741-7015-11-170.

53. Islam JY, Zaman MM, Moniruzzaman M, Shakoor SA, Hossain AHME. Estima-
tion of total cardiovascular risk using the 2019 WHO CVD prediction charts 
and comparison of population-level costs based on alternative drug therapy 
guidelines: a population-based study of adults in Bangladesh. BMJ Open. 
2020;10(7):e035842. https://doi.org/10.1136/bmjopen-2019-035842.

54. Li X, Wu C, Lu J, et al. Cardiovascular risk factors in China: a nationwide 
population-based cohort study. Lancet Public Health. 2020;5(12):e672–81. 
https://doi.org/10.1016/S2468-2667(20)30191-2.

55. Ueda P, Woodward M, Lu Y, et al. Laboratory-based and office-based risk 
scores and charts to predict 10-year risk of cardiovascular disease in 182 
countries: a pooled analysis of prospective cohorts and health surveys. 
Lancet Diabetes Endocrinol. 2017;5(3):196–213. https://doi.org/10.1016/
S2213-8587(17)30015-3.

56. Sudharsanan N, Theilmann M, Kirschbaum TK, et al. Variation in the 
proportion of adults in need of blood pressure–lowering medica-
tions by Hypertension Care Guideline in Low- and Middle-Income 

Countries. Circulation. 2021;143(10):991–1001. https://doi.org/10.1161/
CIRCULATIONAHA.120.051620.

57. Wagner RG, Crowther NJ, Micklesfield LK, et al. Estimating the burden of 
cardiovascular risk in community dwellers over 40 years old in South Africa, 
Kenya, Burkina Faso and Ghana. BMJ Glob Health. 2021;6(1):e003499. https://
doi.org/10.1136/bmjgh-2020-003499.

58. D’Agostino RB, Vasan RS, Pencina MJ, et al. General cardiovascular risk 
profile for use in primary care: the Framingham Heart Study. Circulation. 
2008;117(6):743–53. https://doi.org/10.1161/CIRCULATIONAHA.107.699579.

59. American Diabetes Association. Diagnosis and classification of diabetes Mel-
litus. Diabetes Care. 2014;37(Supplement1):81–S90. https://doi.org/10.2337/
dc14-S081.

60. Basu S, Millett C. Social Epidemiology of Hypertension in Middle-Income 
Countries: determinants of prevalence, diagnosis, treatment, and control 
in the WHO SAGE Study. Hypertension. 2013;62(1):18–26. https://doi.
org/10.1161/HYPERTENSIONAHA.113.01374.

61. Chow CK, Prevalence. Awareness, treatment, and Control of Hypertension in 
Rural and Urban Communities in High-, Middle-, and low-income countries. 
JAMA. 2013;310(9):959. https://doi.org/10.1001/jama.2013.184182.

62. Prenissl J, Manne-Goehler J, Jaacks LM, et al. Hypertension screening, 
awareness, treatment, and control in India: a nationally representative 
cross-sectional study among individuals aged 15 to 49 years. PLOS Med. 
2019;16(5):e1002801. https://doi.org/10.1371/journal.pmed.1002801.

63. Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S. Hypertension 
among older adults in low- and middle-income countries: prevalence, aware-
ness and control. Int J Epidemiol. 2014;43(1):116–28. https://doi.org/10.1093/
ije/dyt215.

64. Mohanty SK, Pedgaonkar SP, Upadhyay AK, et al. Awareness, treatment, 
and control of hypertension in adults aged 45 years and over and their 
spouses in India: a nationally representative cross-sectional study. PLOS Med. 
2021;18(8):e1003740. https://doi.org/10.1371/journal.pmed.1003740.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1016/j.jhealeco.2019.102251
http://dx.doi.org/10.1097/EDE.0b013e318196cd65
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://dx.doi.org/10.1101/2022.11.11.22282234
http://dx.doi.org/10.1101/2022.11.11.22282234
http://dx.doi.org/10.1186/1741-7015-11-170
http://dx.doi.org/10.1186/1741-7015-11-170
http://dx.doi.org/10.1136/bmjopen-2019-035842
http://dx.doi.org/10.1016/S2468-2667(20)30191-2
http://dx.doi.org/10.1016/S2213-8587(17)30015-3
http://dx.doi.org/10.1016/S2213-8587(17)30015-3
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.051620
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.051620
http://dx.doi.org/10.1136/bmjgh-2020-003499
http://dx.doi.org/10.1136/bmjgh-2020-003499
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
http://dx.doi.org/10.2337/dc14-S081
http://dx.doi.org/10.2337/dc14-S081
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01374
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01374
http://dx.doi.org/10.1001/jama.2013.184182
http://dx.doi.org/10.1371/journal.pmed.1002801
http://dx.doi.org/10.1093/ije/dyt215
http://dx.doi.org/10.1093/ije/dyt215
http://dx.doi.org/10.1371/journal.pmed.1003740

	Risk factor contributions to socioeconomic inequality in cardiovascular risk in the Philippines: a cross-sectional study of nationally representative survey data
	Abstract
	Key message
	Introduction
	Methods
	Sample design and selection
	Measurements
	Outcome
	Statistical analysis

	Results
	Participant characteristics
	Disparities in CVD risk and proximate risk factors
	Decomposition of inequality in CVD risk
	Decomposition of inequality in physiological CVD risk factors

	Discussion
	References


