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Abstract

Background There is scant research examining income-based inequalities in risk factors of non-communicable dis-
eases (NCDs) and inequities of preventive care services across the South Asian population.

Methods We conducted a cross-sectional study of 202,682 adults aged 18 or above in four South Asian countries:
Bangladesh, India, Pakistan, and Sri Lanka. We combined South Asia Biobank (SAB) surveillance data with environ-
mental mapping exposure and 24-h dietary recall to estimate income-based inequalities using concentration curves
and concentration indices (Cl) that measure the magnitude and directional inequality effects. We also computed
the horizontal inequity index (HIl) for need-standardised healthcare utilisation and advice by measuring the extent
to which the distribution of health promotion advice matches the distribution of diet-related risk factor variables
across the income distribution. We reported concentration index coefficients and standard errors.

Results Inequalities in exposure and diet-related risk factors of NCDs were observed. Underweight was con-
centrated amongst the poor (Cl=—-0.16, SE=0.005, p <0.001), while overweight and obesity were concentrated
amongst the rich (C1=0.11, SE=0.003, p <0.001). Non-recommended intake of fats (Cl=0.04, SE=0.003, p <0.001)
and carbohydrates were concentrated amongst the rich (C1=0.05, SE=0.003, p <0.001), while non-recommended
intake of free sugars (Cl=—0.05, SE=0.004, p <0.001) and fruits and vegetables amongst the poor (Cl= —0.07,
SE=0.005, p<0.001). Exposure to unhealthy outlets was concentrated amongst the rich (CI=0.02, SE=0.002,
p<0.001). There were persistent and pro-rich inequities in healthcare utilisation (HII=0.02, SE=0.002, p <0.001)
and advice for salt reduction (HIl=0.02, SE=0.004, p < 0.001), fat reduction (HIl=0.02, SE=0.004, p <0.001), healthy
weight (HI1=0.03, SE=0.006, p <0.001), and fruits and vegetables consumption (HIl=0.04, SE=0.004, p < 0.001).
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Conclusions These findings indicate the need to address and mitigate income-based inequalities in diet-related
risk factors of NCDs and underscore the need of policies directed at mitigating NCDs risk exposure and achieving

improved and equitable access to healthcare.

Keywords Preventive health, Inequity, Inequality, Risk factors, Non-communicable diseases, South Asia

Background

Diet-related risk factors contribute to the development
of non-communicable diseases (NCDs). The exposure
to the built food environment and its elements of neigh-
bourhood food environment—i.e. the exposure to (un)
healthy outlets around individuals—and consumer food
environment—i.e. attributes experienced by consumers
inside the food outlets such as availability, accessibil-
ity, price, and promotion [1-4]—have been associated
with dietary outcomes [3] and are considered important
“causes of the causes” of NCDs [1]. Modifiable risk fac-
tors associated with non-recommended diets, henceforth
defined as diets above or below the recommended intake,
such as excess levels of salt and insufficient levels of pro-
teins, and metabolic risk factors, such as overweight and
obesity, are important predictors of NCDs [5]. Crucially,
risk factors can also vary across socioeconomic groups,
being important contributors to inequalities in major
NCDs [6].

To prevent the consequences of diet-related risk factors
of NCDs, health promotion efforts should target its main
causes and address the differential needs across popula-
tion subgroups and their heterogeneity in environmen-
tal exposure [7]. Along these lines, improved healthcare
could be promoted through preventive care services,
a universal right by the World Health Organization
(WHO) [8]. Preventive care is an important predictor of
population health, mitigating individual’s risk of develop-
ing NCDs [9] and ultimately delaying the onset of illness
and disease, thereby preventing deaths [10].

Despite the importance of preventive care for individu-
als’ health, and despite reducing health inequalities being
listed by the WHO as a 2030 goal for countries, there is
mounting evidence that its access is unequally distrib-
uted across the socioeconomic spectrum [11-13]. Previ-
ous studies have documented socioeconomic inequalities
in healthcare utilisation across countries. However, most
studies are focused on high-income countries and, criti-
cally, often focus on absolute inequalities in provision,
without accounting for unequal population needs and
therefore do not assess inequity. In South Asia, few stud-
ies explore inequality in access to healthcare. A recent
study in India suggests that healthcare utilisation by indi-
viduals with cardiovascular disease is inequitably con-
centrated amongst individuals with higher income [13].
In Bangladesh, utilisation of facility-based delivery was

concentrated amongst richer reproductive aged women
[14]. In Pakistan, there was a pro-rich inequality of health
human resources in doctors’ and nurses’ availability [15].
Notwithstanding, very few papers explore inequity [12]
(i.e. unfair inequality), and even fewer assess the South
Asian context [13]. The region faces key challenges in
diet-related risk factors, being one of the world regions
most affected by the dual burden of malnutrition [16]
with high prevalence of both underweight and obesity
[6]. South Asia also faces a fast-changing and evolving
obesogenic food environment [17], thereby facing signifi-
cant dietary intake challenges [3].

In this research, we characterised both income-based
inequities in healthcare utilisation and advice across a
sample of 202,682 individuals from Bangladesh, India,
Pakistan, and Sri Lanka. To do so, we measured how dif-
ferent NCDs risk factors of (i) exposure to unhealthy/
obesogenic food environments, (ii) non-recommended
food intake, and (iii) weight-based needs are (un)equally
distributed across the income distribution. We then used
these metrics to create need-standardised healthcare uti-
lisation and advice inequity indices [11, 12].

Our results can inform policymakers and practitioners.
We underscore the importance of high-quality, univer-
sal coverage of primary care for the detection of NCDs
[18] and the alleviation of the double burden of malnutri-
tion [6, 16]. By providing universal and equitable access
to preventive care, countries can mitigate income-based
inequalities in health and achieve a healthier and fairer
society [19]. Further, by identifying sources of inequali-
ties in risk factors of NCDs, we highlight the importance
of addressing their root causes by enacting effective food
environment policies such as healthy food subsidies and
restrictions on unhealthy food promotion [20].

Methods

Study design

In this cross-sectional study, we retrieved health surveil-
lance data from November 2018 to December 2024 from
the South Asia Biobank (SAB) [21]. This dataset provides
individual level data including socio-demographic and
health-related information based on health and lifestyle
questionnaires, anthropometric measures, and individ-
ual geolocations of residence. We merged this dataset at
the individual level with a 24-h recall of dietary intake
using Intake24 [22] and assessed individuals’ diet-related
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needs. Finally, we merged these data with individual
exposure to healthy and unhealthy food environments,
using data from a ground truth survey mapping the type
of food outlets in the neighbourhood of each participant
residence [17].

Participants

Our sample includes 202,682 individuals from four South
Asian countries: Bangladesh, India, Pakistan, and Sri
Lanka. Participants were recruited based on a cross-sec-
tional, population-based adult sample from each coun-
try, extensively discussed elsewhere [17, 21]. Surveillance
sites were centred on local primary community health
care units. Governmental census data and household list-
ings were used to map eligible participants. We recruited
men and women of self-reported South Asian ethnicity,
aged 18 years and above. We excluded women who were
currently pregnant, non-permanent residents (for a year
or more), people with serious illness expected to reduce
life expectancy to less than a year, people who planned to
leave the surveillance site within the next year, and peo-
ple unable or unwilling to give informed consent.

Study variables

Outcomes

Our primary outcome is a self-reported measure of
healthcare utilisation. Using the SAB health and lifestyle
questionnaire, participants were asked whether they
had, during the past 3 years, visited a doctor or another
healthcare worker (0=no, 1l=yes). If participants
responded yes, they were then asked if they had received
healthcare advice on the following topics: (i) salt reduc-
tion, (ii) five servings of fruit and vegetable daily, (iii) fat
reduction, (iv) sugar reduction, and (v) healthy and bal-
anced weight maintenance (0=no, 1=yes).

Weight-based needs

To assess weight-based needs, we computed whether
individuals were living with underweight (body mass
index [BMI]<18.5 kg/mz, 0=no, 1=yes), overweight
(23 kg/m?>BMI <27.5 kg/m?% 0=no, 1 =yes), or obesity
(BMI>27.5 l(g/mz, 0=no, 1=yes), following the Asian
BMI classification [23]. Following previous research [24],
we also computed absolute distances to the “ideal” weight
that avoid very high BMIs into a narrow z score range,
and allow for more precise assessment (besides only using
dichotomous variables) of weight-based needs. Amongst
the underweight, we assessed the absolute linear differ-
ences between an individual’s BMI and the lower-bound
for normal weight (18.5-BM], if underweight, 0 if normal
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weight), whereas amongst the overweight we computed a
linear difference between individual BMI and the upper-
bound for normal weight (23-BMI; if overweight or
obese, 0 if normal weight).

Environment risk factors

To assess the exposure to environmental risk factors,
we constructed 500-m buffers around individuals’ resi-
dences. To measure exposure to obesogenic food envi-
ronments, for each defined buffer, we calculated the
density of healthy and unhealthy food outlets based on
products sold within each food retailer, following inter-
national guidelines of Retail Food Environment Index
(RFEI) [25] and the North American Industry Clas-
sification System (NAICS) [26]. Data collectors were
instructed to code food outlets by type (e.g. supermar-
kets) and by six core food categories sold (e.g. sugar-
sweetened beverages, fruits and vegetables). Healthy
outlets were defined as (i) those selling only fruits and
vegetables and (ii) supermarkets (except those which
sold only confectionary, sugar-sweetened beverages, and
sweet biscuits, which accounted for 49% of the super-
markets in our sample). All fast-food restaurants were
defined as unhealthy. The outlets that did not sell fruits
and vegetables, corner stores (except 7% that sold only
fruits and vegetables), and all other outlet categories
selling only confectionary, sugar-sweetened beverages,
and sweet biscuits were also defined as unhealthy. Due
to data collection challenges, not all geolocations were
recovered, and 26.1% (N=53,027) individuals had miss-
ing values on this variable (for details on missing geolo-
cations, see Additional file 1: Sect. 1). See Additional
file 1: Sect. 2 for detailed information on data collection
procedure and outlet classification.

Diet-related needs

To assess diet-related needs, we have used Intake24 [22],
a digital 24-h recall tool adapted for South Asia, to com-
pute a series of variables that indicate non-recommended
food intake, reflecting above and below levels of recom-
mended intake (1=below or above the recommended
intake, 0=recommended intake). We used the WHO
Population Nutrient Intake Goals [27], recommended
by the WHO Nutrient Profile Model for South-East
Asia Region [28], as a reference to build these indicators.
We calculated daily intake as a percentage of total daily
energy intake. We computed non-recommended values
for fats (below 15% or above 30% of total daily energy
intake), saturated fats (above 10%), proteins (below 10%
or above 15%), free sugars (above 10%), and carbohy-
drates (below 55% or above 75%). We also measured
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the total amount (in grams) of fruit and vegetable intake
and used the threshold of 400 g for minimum adequate
amount. Due to time taken for adaptation of the digital
Intake24 tool for the South Asian context, data collec-
tion of dietary assessment started later (in 2020) than the
overall study recruitment (in 2018). Some data collection
also got disrupted during the COVID-19 pandemic. As
such, a total of 116,431 participants filled in the Intake24
questionnaire (Additional file 1: Sect. 1).

Wealth

To compute inequalities and inequities, we ranked indi-
viduals based on their self-reported average per capita
household monthly income in local currency units,
adjusted by the purchasing parity power (PPP) across the
four South Asian countries.

Statistical analysis

We computed concentration curves, concentration indi-
ces, and horizontal inequity indices to assess income-
based inequalities in risk factors of NCDs and inequities
of utilisation of preventive care services in our sample.
We considered as a cut-off of the p values<0.05 and the
absolute values of t-ratios>1.96 for interpreting the sig-
nificance of our findings.

Concentration curves

We used concentration curves to characterise socioeco-
nomic inequalities in healthcare utilisation and advice
and diet-related risk factors [29]. Concentration curves
plot the cumulative proportion of the population ranked
by the income variable against the cumulative proportion
of healthcare utilisation and advice, weight-based needs,
environmental risk factors, and diet-related needs. Con-
centration curves are compared to a 45-degree line (i.e.
the equality line), which indicates perfect equality in the
distribution of the variable of interest across the popu-
lation. Whenever a concentration curve lies above (or
below) the equality line, it represents that this variable is
disproportionately concentrated amongst individuals of
lower (higher) income [11, 29].

Concentration index (Cl)

We further computed the degree (or intensity) and sta-
tistical significance of inequality by calculating, for each
variable of interest, a concentration index (CI), which
ranges between—1 and 1 and is calculated as twice the
area between the concentration curve and the equality
line [11, 29, 30]. Negative (positive) and significant CI
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values suggest that the variable of interest is concentrated
at the lower-(higher-)income individuals. ClIs are used as
our measure of inequality, i.e. absolute or raw differences
between individuals across the income scale without
adjustments for their needs. CIs across sex and countries
are presented in Additional file 1: Sects. 3 and 4.

Horizontal inequity index

Following previous research [11, 12, 29, 30], we com-
puted the horizontal inequity index (HII), which
measures the degree of horizontal inequity in the dis-
tribution of healthcare utilisation across the income
distribution by comparing the observed distribution
of healthcare utilisation or advice by income with the
distribution of the health-related need variables. While
inequalities refer to differences in healthcare utilisation
and advice or any “need” variables between individuals
of different incomes, inequity refers to whether those
differences decrease, remain, or increase after adjust-
ments for individuals’ health-related needs [11, 12].
We utilise an indirect standardisation method to adjust
for the need variables, and estimate a health regression
as follows, using probit given the binary nature of our
dependent variables [11, 12]:

yi=a+ Zjﬂjxji + Zkl/kzki + ¢

in which y; is healthcare utilisation or advice (on each of
the topics) received by each individual, x; are the need
variables of risk factors (i.e. weight-based, environmental,
and diet-related needs) and age and sex dummies, and z;
are the non-need variables of country fixed-effects and
month-year fixed-effects. We then obtain parameter esti-
mates, @, ,B\j, Yk» individual level need variables (x;;), and
sample means of non-need variables (z;). Therefore, we
can obtain the predicted values for healthcare utilisation
and advice:

yX =&+Z},B}xﬁ+zk;7kzk

We then obtain estimates of the indirectly standard-
ised healthcare utilisation (or advice) by computing the
difference between actual and expected healthcare uti-
lisation and advice (x), plus the overall sample mean:

W ==+

By equalising needs for individuals based on the
average relationship between need and treatment for
the population as a whole (which serves as the ver-
tical equity “norm”), we can assess deviations from
this norm across income [12]. In other words, the HII
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obtained is the concentration index of the need-stand-
ardised healthcare utilisation and advice. Significant
and positive HII results represent pro-rich inequity,
significant and negative results pro-poor inequity, and
null results equity. HIIs across sex and countries are
presented in Additional file 1: sections 5, 6, and 7.

Results

Descriptive statistics

Table 1 displays descriptive statistics of our sample of
202,682 individuals distributed across four South Asian
countries: Bangladesh (N=70,556), India (N=31,644),
Pakistan (N=49,059), and Sri Lanka (N=51,423). While
47.1% of the lowest-income individuals visited healthcare
workers in the previous 3 years, 55.4% of the highest-
income ones did so (p < 0.001). Females visited health-
care workers to a greater extent, compared to males
(51.9% vs. 45.6%, p<0.001). Underweight was more
prevalent amongst the lowest-income individuals (12.1%)
while obesity was more prevalent amongst the third-
income quartile (31.6%). Non-recommended intake of
different foods was prevalent across sex and countries.
Exposure to unhealthy food outlets was also much more
prevalent than to healthy food outlets across all country
and sex subgroups.

Assessing inequalities: concentration curves

and concentration indices (Cl) of healthcare utilisation,
advice, and diet-related needs

Figure 1 plots the concentration curves for all the vari-
ables included in the analysis, and Table 2 shows the
concentration indices for all relevant variables. Health-
care utilisation was concentrated amongst the rich (ie.
below the equality line, CI=0.05, p<0.001), as well as
most healthcare advice except for salt and sugar, which
was slightly concentrated amongst the poor (Fig. 1A).
Figure 1B displays weight-based needs. Underweight was
concentrated amongst the poor (CI=—-0.16, p<0.001),
while overweight and obesity (CI=0.11, p<0.001) and
obesity (CI=0.06, p<0.001) were concentrated amongst
the rich. In Fig. 1C, diet-related needs of fats (CI=0.04,
p<0.001), saturated fats (CI=0.01, p=0.023), and car-
bohydrates (CI=0.05, p<0.001) were slightly concen-
trated amongst the rich, whereas non-recommended
free sugars (CI= —0.05, p<0.001) and fruit and vegetable
intake (CI= —0.07, p<0.001) were slightly concentrated
amongst the poor. Finally, Fig. 1D shows that the share of
both healthy (CI=0.02, p<0.001) and unhealthy outlets
(CI=0.02, p<0.001) were slightly concentrated amongst
the rich.

Page 5 of 13

We also observed important differences across sex
(Additional file 1: Table S1). Healthcare utilisation was
concentrated amongst the rich for both male and female
participants. However, while richer males had dispropor-
tionate access to healthcare advice across all indicators,
advice for salt, fat reduction, and sugar were concentrated
amongst the poor for females. Despite having the same
direction, coefficients for underweight, overweight, and
obesity were higher in magnitude for males compared
to females. No substantial differences were observed in
environmental and diet-related needs.

Finally, we observed differences across countries (Addi-
tional file 1: Table S2). Healthcare utilisation and advice
were always concentrated amongst the rich in Bangladesh
and India but concentrated amongst the poor in Pakistan
and Sri Lanka (except for advice for healthy weight in
Sri Lanka). Prevalence of underweight (overweight and
obesity) was concentrated amongst the poor (the rich)
across all countries. Dietary inadequacies showed over-
all a similar trend across countries. Finally, the density
of unhealthy food outlets was concentrated amongst the
poor in Bangladesh and Pakistan only.

Assessing inequities: horizontal inequity index (HII)

of healthcare utilisation and advice

Table 3 shows the predicted probability and actual usage
of preventive care services. The actual distribution
observed was pro-rich (model 1), and the need-expected
distribution was pro-poor (model 2). This need-expected
distribution is a result of the fact that “need’, as proxied
by demographic, diet-related, environmental, and mor-
bidity characteristics, was concentrated amongst lower-
income groups. As a result, for the second lower-income
quintile of individuals, the probability of reporting a
preventive care contact was 3.4% lower than would be
expected on average given their need, whereas the high-
est-income 20% of individuals reported a probability of
such a contact that was 6.6% higher than expected. It is
therefore no surprise that the need-standardised distri-
bution showed an even more pro-rich distribution than
the actual distribution (model 3). Table 1 also depicts
the horizontal inequity index of healthcare utilisation,
adjusted for risk factors of NCDs. It shows that health-
care utilisation was inequitably concentrated amongst
higher-income individuals, even more so when adjust-
ing for the core need variables (HII=0.02, SE=0.002,
p<0.001). Subgroup analyses show that after adjust-
ing for risk factors of NCDs, the HII was concentrated
amongst the higher-income individuals for both males
and females (Additional file 1: Tables S3 and S4) and for
Bangladesh (Additional file 1: Table S5) and Pakistan
(Additional file 1: Table S7). HIIs were not significant
for either India (Additional file 1: Table S6) or Sri Lanka
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Panel A: Preventive health services

Cumulative share of healthcare utilisation and advice

Cumulative share of population, ranked by income

Equality line Healthcare visit

Salt advice Fruits and vegetables advice
Fat advice Weight advice

Sugar advice

Panel C: Diet-related needs

Cumulative share of diet needs

Cumulative share of population, ranked by income

— Equality line — Non-recommended fats

— Non-recommended sat. fats Non-recommended free sugars
— Non-recommended proteins ~ — Non-recommended F&V

Non-recommended Carbohydrates

Cumulative share of weight-metabolic needs

Cumulative share of environment risk factors
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Panel B: Weight-based needs
1
.87
7
6 “
74
74
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e Z /
2 e
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Cumulative share of population, ranked by income

Equality line Underweight

Overweight and obesity Obesity

Distance to ideal BMI - Underweight Distance to ideal BMI - Overweight

Panel D: Environment risk factors
1 -
.8
.6
4
2
O T T T T 1
0 2 4 .6 .8 1

Cumulative share of population, ranked by income

—— Equality line
—— Healthy food outlets density
—— Unhealthyfood outlets density

Fig. 1 Concentration curves for healthcare utilisation, advice, and risk factors of non-communicable diseases. Note: concentration curves plot

the cumulative proportion of the population ranked by the income variable against the cumulative proportion of each variable of interest. Every
graph contains a 45-degree line (i.e. equality line, blue) that represents equal distribution across income. Whenever a concentration curve lies
above (or below) the equality line, it represents that this variable is disproportionately concentrated amongst individuals of lower (higher) income.

BMI refers to body mass index

(Additional file 1: Table S8), suggesting equitable distri-
bution in those countries.

Table 4 depicts the HII of healthcare advice. It shows
positive and significant HIIs for salt reduction advice

(HII=0.02, p<0.001), fruit and vegetables consump-
tion advice (HII=0.04, p<0.001), fat reduction advice
(HII=0.02, p<0.001), and healthy weight mainte-
nance advice (HII=0.03, p<0.001), which means that
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Table 2 Concentration indices of healthcare utilisation and advice and diet-related needs

N cl SE p value®
Healthcare utilisation and advice
Visited healthcare worker 202,682 0.046 0.003 0.000
Advice for salt reduction 202,682 -0.023 0.003 0.000
Advice for fruits and vegetables intake 202,682 0.023 0.003 0.000
Advice for fat reduction 202,682 0.002 0.003 0.460
Advice for healthy weight 202,682 0.025 0.004 0.000
Advice for sugar reduction 78,467 0.037 0.006 0.000
Weight-based needs
Underweight 202,682 -0.158 0.005 0.000
Distance to underweight? 77,247 -0.119 0.005 0.000
Overweight and obesity 202,682 0.107 0.003 0.000
Obesity 202,682 0.060 0.003 0.000
Distance to overweight® 184,725 0.024 0.002 0.000
Diet-related needs
Non-recommended fat 116431 0.041 0.003 0.000
Non-recommended saturated fat 116,431 0.008 0.003 0.023
Non-recommended free sugars 116,431 -0.046 0.004 0.000
Non-recommended proteins 116,431 0.006 0.003 0.060
Non-recommended fruits and vegetables 116,431 -0.074 0.005 0.000
Non-recommended carbohydrates 116,431 0.051 0.003 0.000
Environment exposure needs (shares of 500 m)
Healthy food outlets? 149,698 0.016 0.002 0.000
Unhealthy food outlets® 149,698 0.022 0.002 0.000

Note: we used Wagstaff concentration indices for bounded variables, with fixed scales, and limits from 0 to 1, in which zero corresponds to a situation of complete
absence (e.g. no healthcare visits)

@We computed the standard concentration index with a zero-fixed lower limit
b We used the cut-off of p<0.05 to interpret the significance of our findings

Table 3 Predicted probability and actual usage of preventive care in the past 3 years (N=288,208)

Income quintile Actual Probit Need-standardised
(Model 1)

Need-predicted Difference= Probit estimates
(Model 2) predicted —actual (Model 3)

Poorest 20% 0.489 0.468 2.10% 0477

2nd poorest 20% 0422 0456 -3.39%% 0422

Middle 0439 0454 —1.46% 0441

2nd richest 20% 0431 0447 -1.62% 0439

Richest 20% 0518 0453 6.56% 0.521

Mean 0.459 0455 0.40% 0.460

Horizontal inequity index 0.010 —0.007 0.017

(HIN

SE 0.002 0.0003 0.002

t-ratio® 4118 —23.557 7.237

Note: model 1 displays the actual usage of preventive care services; model 2 displays the need-predicted usage of healthcare services, using (i) weight-based needs,
(i) environment risk factors, (iii) dietary needs, and (iv) sex and age differences; model 3 displays the need-standardised probit estimates of predicted preventive care,
adjusted by the need variables. All models show actual and predicted values across income quintiles and the mean values. The horizontal inequity index represents
the adjusted concentration indices of each distribution

?We used the cut-off of t > 1.96 to interpret the significance of our findings
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Table 4 Horizontal inequity index (HIl) for healthcare advice

(N=288,208)
Advice towards... Horizontal inequity  SE t-ratio®
index (HII)
Salt reduction 0.016 0.004 3.565
Fruits and vegetables 0.037 0.004 8813
consumption
Fat reduction 0.022 0.004 5.014
Healthy weight 0.026 0.006 4.738
Sugar reduction —-0.002 0.006 —-0.358

Note: the horizontal inequity index (Hll) represents the concentration indices of
each healthcare advice, need-standardised

2 We used the cut-off of t > 1.96 to interpret the significance of our findings

healthcare advice in those variables was inequitably (and
unfairly) concentrated amongst higher-income indi-
viduals. Sugar reduction advice, on the other hand, was
equitably distributed, i.e. access reflects need across the
socioeconomic gradient. Results across sex and countries
are presented in Additional file 1: Tables S9-S13.

Discussion
We relied on a unique dataset across four South Asian
countries (Bangladesh, India, Pakistan, and Sri Lanka)
[21] to advance the current literature and offer an assess-
ment of income-based inequities in preventive care ser-
vices. We show that, after adjusting for key risk factors of
NCDs, higher-income individuals have a disproportion-
ate access to preventive care services, a result corrobo-
rated by previous research [13, 14]. We also show that,
despite having a lower prevalence of disease [6], inequi-
ties are stronger for men (vs. women) and that inequities
are present in Bangladesh and Pakistan, but not in India
or Sri Lanka. Our findings also indicate that there are
important income-based inequalities in such risk factors.
Lower-income individuals have a much higher prevalence
of underweight, but a lower level of overweight and obe-
sity, suggesting that the double burden of malnutrition is
not equally distributed across the socioeconomic gradi-
ent [17]. We also found a higher exposure to unhealthy
food outlets amongst the wealthy and important differ-
ences in dietary intake across the income distribution.
Our work adds to a scant yet growing research on
inequalities and inequities in healthcare utilisation in
South Asia, a region facing significant challenges of rapid
urbanisation and deep inequalities in primary healthcare
[31, 32]. Our results are in line with previous research
in the region that documents important income-related
inequalities in the distribution of healthcare profession-
als across districts in Pakistan [15], inequalities in facility
delivery utilisation amongst reproductive-age women in
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Bangladesh [14], and inequities in healthcare utilisation
amongst individuals with cardiovascular disease in India
[13]. Our study builds on that evidence by documenting
income-based inequities in healthcare utilisation and
income-based inequalities in health-related needs.

Our study provides important policy implications.
By showing that higher-income households have dis-
proportionated access to preventive care, our findings
underscore the necessity of ensuring equitable access
for all individuals, following recommendations from the
WHO, the World Bank, and the Organisation for Eco-
nomic Co-operation and Development (OECD) [19].
Broad approaches suggested by WHO are still relevant
and promising in that respect: (i) target healthcare pro-
grammes for disadvantaged populations—focusing on
health literacy, promotion, and access, (ii) close health
gaps between worse-off and better-off groups, and (iii)
address the social health gradient across the whole pop-
ulation [8]. By ensuring equitable healthcare utilisation
and advice across the socioeconomic gradient, policy-
makers can help reduce inequities and prevent the devel-
opment of NCDs.

Our findings also suggest that there are a series of
actions targeted at decreasing diet-related risk factors
that may be promising to tackle inequities. Policymak-
ers play a pivotal role in developing strategies to encour-
age affordable and healthy diets, which can alleviate root
causes of NCDs by mitigating environmental risk expo-
sure [20]. A recent study documents that while Bangla-
desh, India, Pakistan, and Sri Lanka have multisectoral
action plans to prevent and control NCDs and have set
time bound targets on NCDs risk factors and man-
agement, there has been limited progress towards the
prevention of unhealthy diets and unhealthy food envi-
ronments [20]. Therefore, governments in this region
should focus on ensuring that all individuals have equi-
table access and availability of healthy, affordable, and
nutrient-dense foods [27]. To do so, effective actions
may include targeting the food environment to reduce
unhealthy food intake and promote healthy diets [33]
and introducing food taxes (e.g. on products high in fat
and sugar) and subsidies (e.g. on fruits and vegetables) to
encourage healthier eating across the population, as well
as restricting unhealthy food promotion and availabil-
ity [20]. Furthermore, while the assessed countries have
mostly focused on the prevention of undernutrition and
food insecurity, our results highlight the need for more
targeted interventions to reduce underweight prevalence
amongst the disadvantaged and to reduce overweight and
obesity amongst the wealthier. While some of the inter-
ventions (such as taxes and restrictions) could be more
efficient in reducing unhealthy intake and alleviating
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obesity, others (such as subsidies) could make healthy
eating more affordable and be more efficient in reducing
underweight. Thus, our results suggest that one-size-fits-
all interventions would not suffice to reduce ubiquitous
health inequalities. Nevertheless, future studies should
test the effectiveness and feasibility of different interven-
tions to be implemented.

Our study has several limitations. We rely on a cross-
sectional dataset, and we are thus limited to assess-
ing correlations, without the ability to make any causal
claims. Despite utilising a unique dataset, we rely on self-
reported outcomes of healthcare utilisation and advice
and cannot ascertain whether participants visited health-
care workers. Our findings cannot speak to the qual-
ity of healthcare services being provided, an important
and often overlooked dimension of preventive care ser-
vices [19]. Future research should address how effective
preventive care provision and advice is across the South
Asian countries. When measuring the food environment,
we do not capture important exposures to their food
environment (e.g. work and commute) and cannot speak
to how influential the food environment around homes
is to those households. When measuring diet, we used a
validated tool (Intake24) that, like other dietary assess-
ment methods, comes with the limitations of potential
bias in which the true dietary intake is unknown [22].
However, we were careful to ensure that trained data
collectors conducted the survey, and we conducted data
quality and internal validation checks. Furthermore, our
indicators of non-recommended intake were constructed
based on general WHO recommendations [27]. Despite
being recommended by the WHO for South Asian con-
texts [28], we acknowledge the limitation as a diversified
and balanced healthy diet depends not only on con-
text and culture, but also on individual needs. Although
BMI is used in this study as an indicator of individu-
als’ health, we acknowledge that it is a limited indicator
in South Asia, as previous evidence suggests that BMI
might not predict cardiovascular diseases and mortality
in the region for all groups of population we use in our
study [34]. Finally, our cross-country results warrant cau-
tion, as they might reflect different sampling strategies,
which can reflect, in practice, in not directly comparable
samples (e.g. more vs. less urbanised sites). Our results
across sex also warrant some caution, as we cannot cap-
ture differential exposures to environment between men
and women (e.g. time staying at home). Future research
can further advance the methodologies outlined here and
link administrative healthcare data to individuals’ diet-
related risk factor exposure on a longitudinal study.
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Conclusions

Despite these limitations, the current research provides
novel evidence on important and persistent health ine-
qualities and inequities in an understudied population
by relying on a unique dataset of four South Asian coun-
tries. In the South Asian context of growing urbanisation,
it is expected an increase in the exposure to unhealthy
obesogenic environments and a growth of purchas-
ing power, which can further exacerbate risk factors of
NCDs. Therefore, our study provides evidence for poli-
cymakers to propose timely action in at least two fronts:
ensuring equitable access to preventive care and placing
efforts into ensuring a healthier food environment for all.
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