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Abstract
Around the world, undernutrition causes more than half of all deaths in children 
under 5 years of age. It also increases children’s vulnerability to common diseases, 
impairs recovery, and stunts their physical and mental development. This paper 
investigates the state of child health and the assessment of health inequalities in 
children under 5 years, utilising Multiple Indicators Cluster Surveys across 36 dis-
tricts in Punjab, Pakistan. We suggest a new household-based health index to iden-
tify health disparities and to help policymakers implement more successful domestic 
policies to offset inequalities. Additionally, this study estimates the health dispari-
ties for robustness checks applying the Palma ratio and Gini coefficient. The study’s 
findings revealed that every second child in Punjab is malnourished and that 51% 
of children in Punjab had not received all of their recommended vaccinations. The 
results also show that health disparities in low-income districts are worse than in 
high-income districts. The findings further demonstrate that important contributors 
to health disparities include parental illiteracy, poverty, and political backwardness. 
This study recommends a multifaceted policy intervention to address child immuni-
zation, undernutrition, and infectious disease legislation, as well as income inequal-
ity, to reduce health disparities.
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1  Introduction

Health disparities place a heavy weight on society, decelerating economic growth, labour 
productivity and causing income losses (Acemoglu & Johnson, 2007). Over the past few 
decades, the concerns surrounding health disparities have drawn attention in the fields 
of policymaking and academic research, primarily in wealthy countries but increasingly 
also in developing ones (Fotso, 2006; Gwatkin, 2017). Examples include the Black report 
from the 1980s, the Whitehall Studies from the 1960s, the final report of the Commis-
sion on Social Determinants of Health from the World Health Organization in 2008 and 
the 2030 plan for Sustainable Development (SDGs). The 2030 SDGs agenda’s health-
related goals placed a strong emphasis on health equity under SDG3: "ensure healthy 
lifestyles and promote well-being for all at all ages." A country can assess its progress 
toward SDG 3 and other health-related targets by addressing its health disparities, which 
also guarantees that underprivileged populations are not left behind.

All countries experience health disparities between demographic groups, although 
the severity of these inequalities varies between developed and developing countries 
in terms of size (Ataguba & Ataguba, 2020). Social and economic factors such as 
housing, income, education, political literacy, and access to state-provided healthcare 
are pivotal determinants impacting health indicators and are recognised as funda-
mental causes of health disparities (Braveman & Gottlieb, 2014; Nandy & Miranda, 
2008). For instance, many studies have shown that the primary cause of malnutri-
tion in developing countries is social factors, such as poverty, which results in a low 
nutritional status throughout generations and impedes social improvement and justice 
(Karaoğlan & Saraçoğlu, 2018; Sen & Mondal, 2012; Worku et al., 2018).

Over the last decade, Pakistan has made considerable progress in various health 
sectors, notably in improving maternal and child health, reducing child mortality 
and undernutrition. Significant achievements also include improved child vaccina-
tion and the eradication of diseases like malaria, tuberculosis, and hepatitis. Despite 
this Pakistan is ranked 149 out of 179 countries in terms of maternal mortality rates; 
39% of the population is multidimensionally poor (Saleem et al., 2021); only 20% 
of Pakistan’s entire population has availability to clean drinking water and only 22% 
of the population can obtain natural gas as a clean cooking fuel (Rahut et al., 2020). 
According to Ali et al. (2022) and Micha (2021), in Pakistan, about 37.6% children 
under 5 years age are stunted that is higher than the average in Asia (21.8%) and 
accounts for almost 22 million of the country’s children who do not attend schools.

Pakistan needs to declare a health emergency in order to reach its health-related 
goals and develop a globally competitive workforce. This requires sufficient funding 
for health departments, improved health facilities, and focused efforts on the most 
vulnerable populations. To enhance health indicators, it’s crucial to measure valid, 
reliable health indicators and develop a composite health index at the household 
level. Additionally, these indicators can help assess spatial health inequalities within 
and across Pakistan’s districts. In order to track the accomplishments of the health-
related SDGs, the World Health Organization [WHO] (2017) developed a five-step 
framework for examining health disparities. These procedures involve choosing the 
proper health-related indicators, gathering the necessary data, doing sophisticated 



781

1 3

Assessing Child Health Disparities: Evidence from a…

analysis, presenting the findings, and determining the areas that need to be addressed 
first (Hosseinpoor et  al., 2018). Furthermore, a framework provided by the UK 
Office for National Statistics (ONS) (2018) suggests that the construction of reliable 
health index should encompass key domains related to health status measurement., 
e.g., physiological risk factors, protective measures, and physical health conditions.  

In light of the above, this study constructs the health index based on frameworks 
formulated by the World Health Organization (WHO) in 2017 and the Office for 
National Statistics (ONS) of the UK in 2018. The main purpose of the health index 
is to uncover the causes and factors of intra-district health disparities in Punjab’s 
health infrastructure. Further, this study is designed to expose the disparities in 
health among children below the age of 5 years and to explore their relationship 
with socioeconomic factors that affect child health, utilising the Multifunctional 
Indicators Cluster Survey (MICS) microdata across 36 districts in Punjab, Pakistan.

The objectives of this paper are as follows: (a) measure and analyse the three 
health-related indicators: the composite index of anthropometric failure (CIAF), 
the cough, hepatitis, and tuberculosis index (CHTI), and the immunization rate; (b) 
examine the relationship between socioeconomic status and health indicators; (c) 
compute the health index to determine health disparities for all districts and their 
associations with socioeconomic status; and (d) offer recommendations for enhanc-
ing public health practises in addressing health disparities. Considering the forego-
ing, we developed a new household health index, representing the weighted average 
of three health related factors: the immunization rate (preventative measures); the 
CIAF (physiological risk factors); and the CHTI (physical health conditions).

This paper uniquely contributes in a number of ways to the public health and child 
health policy sectors: 1) it constructs a new household-based health index by including 
child and adult health-related variables for district-level analysis of health conditions; 
2) it ensures the construct validity by finding indicators’ expected empirical relation-
ship with the household-based asset index; 3) it applies a methodological option for 
the formation of the household-based health index and describes the health disparities 
in 36 districts applying the Gini coefficient and the Palma ratio to perform robustness 
checks; 4) it validates the Palma ratio method’s central tenet that the middle 50% of 
the distribution can be disregarded because of its low variability; 5) it endorses the 
disparity measurement methods through finding a nearly perfect fit between Gini and 
Palma; 6) it interprets the role of economic and social disparities in explaining the 
health disparities within Punjab districts. Finally, we demonstrated the resilience of 
this health index using a range of robustness checks with multiple empirical methods. 
This research would recommend policy changes to the public health sector and provin-
cial governments to improve access to vaccination facilities and nutrition education for 
children under the age of five. It would also assist policymakers in identifying district-
specific socioeconomic factors that contribute to child health disparities. 

The remainder of the essay is organised as follows: Section  2 presents a criti-
cal analysis of child health and the factors that contribute to child health dispari-
ties. A brief methodological explanation of how each component of the health index 
is measured is provided in Section  3. The empirical results are presented in Sec-
tion  3.1. Finally, some concluding remarks, discussion of the results and policy 
implications are provided in Section 3.1.1.
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2 � Review of the Literature on the Determinants of Health Disparities

This section aims to offer a detailed review of the existing literature on construct-
ing health indices, child undernutrition, health disparities, and the theoretical frame-
work of the study. Global agencies (e.g., WHO, UN agencies) and academic institu-
tions estimate key health indicators to track trends over time (Boerma et al., 2010; 
Chan et al., 2010) and to make comparisons between societies by obtaining a com-
prehensive picture of causes of death (Mathers et al., 2009; Tate et al., 2012), bur-
den of disease, or risk factors. A wide range of health indicators at a global and/
or country level are published to assess the health status of the population. Com-
monly used indicators are life expectancy, health facilities, maternal health, com-
municable and non-communicable diseases, food and nutrition, and mortality levels 
(Aburto et al., 2020). Specifically, certain studies have focused on different aspects 
of health measurement: Santos et al. (2008) examined morbidity and the coverage 
of interventions or immunizations, Piqueras et  al. (2021) analysed anthropometric 
indicators, and Grépin et al. (2020) explored financial indicators, such as total health 
expenditures, to assess health disparities. The United Nations Development Program 
(UNDP) launched the first human development report in 1990. The human develop-
ment index (HDI) is comprised by of three dimensions; 1) a long and healthy life, 
2) knowledge acquirement, and 3) a decent standard of living. The life expectancy at 
birth, an aggregate indicator, is used as proxy variable for estimating health situation 
(current mortality conditions) of the population to measure the national HDI level. 
The life expectancy index is an effective way for comparing the health situations of 
various countries. However, for estimating health disparities within a single country, 
it may not be as useful. This is because life expectancy is not directly measurable at 
the household level (Harttgen & Klasen, 2012). Although household-base mortality 
data can be used to generate household-level life expectancy index by employing 
some imputation or simulation techniques (Grimm et al., 2008; Harttgen & Klasen, 
2012), the objective of this paper is not to estimate human development index at 
household level but rather to construct a household-based health index specifically 
for estimating health disparities. In 2003, the UNDP developed a district health 
index for Pakistan using two indicators: (1) child survival rates and (2) immuniza-
tion rates. Later, the 2017 report updated this index by using (1) immunization rates 
and (2) health facilities as the key indicators (Kahane et al., 2003; UNDP, 2017).

Alternatively, a number of studies around the world have proposed health indi-
cators to build a household-based health index. For example, the World Health 
Organisation (WHO) has introduced 100 core health indicators (WHO, 2015) cover-
ing topics such as service coverage, risk factors (such as nutrition, child immuniza-
tion, and communicable diseases), and health status. Additionally, the World Health 
Organisation has created a methodology (WHO, 2017) for tracking health disparities 
within a country and for building health indices. Later, in 2018, the UK’s Office for 
National Statistics released a report with a methodology illustration for estimating 
a composite health index for England. This report provides detailed information on 
variables to consider when developing a health index, such as protective measures, 
physiological risk factors and physical health conditions.
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There is also a lot of evidence in the empirical literature for calculating health 
indexes using indicators other than life expectancy. Pelletier et  al. (1995) have 
investigated the effect of malnutrition on child mortality by using data of develop-
ing countries. The results of the study explicitly explain that 56% of child mortality 
is associated to malnutrition of children. This study strongly suggests that health 
outcomes are closely linked to child nutrition. However, its limitation lies in using 
only the child weight-for-age indicator to represent malnutrition. This approach fails 
to address other critical dimensions of undernutrition, namely height-for-age and 
weight-for-height.Gurung and Sapkota (2009) have analysed the factors associated 
to the undermatron in Nepal. They have estimated the stunting, wasting and under-
weight for under-five children by using cross-sectional data. The results reveal that 
children belonging to poor families have four times higher risk of being underweight 
than the children from rich families. Similar indicators of undernutrition (stunting, 
wasting, and underweight) are calculated in the following studies (Gurung & Sap-
kota, 2009; Padmapriyadarsini et al., 2009). The limitations of these studies include 
that they do not collect information from a single undernutrition score; rather, they 
explain the results separately for each facet of undernutrition.

The CIAF is single value index of undernutrition that explains the information of 
all three dimensions of undernutrition (stunting, wasting and underweight). Sved-
berg introduced the CIAF in 2000, and Nandy improved it in 2005. A number of 
studies have used the CIAF to explain undernutrition predictors and the association 
between undernutrition, mortality, illness, and poverty (Nandy & Miranda, 2008; 
Nandy & Svedberg, 2012; Nandy et al., 2005). Overall, these studies provide useful 
information about health-nutrition indicators, but they do not provide a comprehen-
sive picture of people’s health since they miss several critical features (immunisa-
tion, infectious diseases etc.) recommended by WHO (2015) and the framework pro-
vided by UK ONS (2018) and WHO (2017). A reliable health index needs to cover 
fundamental domains concerning the measurement of health status, e.g., physiologi-
cal risk factors, protective measures, and physical health conditions (WHO, 2017).

In developing countries, data adequacy is a problem, as data on all health vari-
ables is unavailable for study. To address data limitations, this study chose the most 
appropriate indicators from the defined domains for the available household-based 
survey data. The CIAF is employed to evaluate physiological risk factors by examin-
ing a child’s nutritional status, focusing specifically on anthropometric failure and 
health disparities. All children who display even one of the following: underweight, 
wasting, or stunting, are included in the CIAF. To represent the domain of preven-
tive measures, the proportion of children who have received their prescribed vac-
cines is used as an indicator, as outlined in Al-lela et al. (2014).SDG 3.b.1 clearly 
states that vaccinations are required. TB, hepatitis, and cough are examples of infec-
tious illnesses that are utilised to diagnose physical health issues. Thus, this study 
measures a health index that includes adult and child health indicators in order to 
investigate health disparities and their causes differently than past research.

The health analysis performed in this study is unique from the existing litera-
ture on health disparities in Pakistan for various reasons. Specifically, it develops 
a systematic and methodical methodology to select reliable and valid indica-
tors for constructing a household-based health index. We also seek to construct a 
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comprehensive picture of health indicators, despite data limitations that prevent the 
addition of some additional dimensions (e.g., maternal health indicators, access to 
health facilities in the country, satisfaction with health facilities, etc.). This includes 
indicators related to child health (e.g., the immunization rate, stunting, wasting, and 
underweight), adult health (such as TB, hepatitis, chronic cough, and fever In con-
trast to other studies that mention Pakistan, these studies are restricted to one or a 
small number of health-related indicators. Additionally, this study places a strong 
emphasis on estimating health disparities through the application of the Gini-coef-
ficient and Palma-ratio approaches. It also offers a thorough comparison of the out-
comes generated by Gini and Palma and verifies that the district rank ordering for 
Pakistan’s Underline Province is the same using both advanced methodologies. We 
develop the following hypotheses for our subsequent analyses based on the theoreti-
cal considerations and empirical evidence described in this section:

H1: As we expect that health-related indicators depends on socioeconomic fac-
tors, we hypothesize that households with lower incomes have lower rates of vac-
cination, poorer physical health, and undernutrition.
H2: As the health disparities also depends on socioeconomic factors, we hypoth-
esize that health disparities are greater in districts with higher rates of income and 
education disparities.

3 � Description of the Data and Statistical Methods

The Pakistan Bureau of Statistics (PBS) collected data for the United Nations 
Children’s Fund through the Punjab MICS05 survey, which was used in this study 
(UNICEF).1 The Pakistan MICS survey is a nationally representative survey that 
uses multistage cluster sampling to obtain information on a variety of women and 
child health topics including as vaccination, education, child and maternal health, 
family planning, and HIV/AIDS knowledge. Standardised questionnaires were used 
to collect information from children under the age of 5 in the selected households. 
The survey’s institutions were responsible for gaining ethical approval. The objec-
tive of the survey is to evaluate and examine the health situation of the population 
by giving the government of Pakistan with authentic and up-to-date health indica-
tors for men and women aged 15–49 and children under 5. Pakistan’s administrative 
units are four provinces: Punjab, Sindh, Khyber Pakhtunkhwa, and Balochistan. The 
MICS survey, in reference to Pakistan, is unique in that it gives a population rep-
resentative sample for each province independently. Furthermore, by incorporating 
updated global and regional data in each round of the MICS survey, this study pro-
vides a more comprehensive view of the long-term income (assets), education, and 
child health of the sampled population. Punjab is the province with the most popula-
tion, accounting for 53% of Pakistan’s overall population (Pakistan Economic Sur-
vey, 2016–17). On other hand, Punjab hosts one-fourth of Pakistan’s poorest people 

1  The authors acknowledge the UNICEF for providing access to MICS05 datasets.
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(Naveed & Khan, 2018). The Punjab-MICS5 was carried out in 36 districts through-
out the province, with a sample size2 of 38,405 households and a 98% response rate. 
The survey’s response rate is considered to be a key indicator of the data’s quality 
and authenticity, since it reflects findings that would have come from the entire pop-
ulation. Higher response rates have been shown to increase the likelihood of includ-
ing all subgroups that might differ systematically in the attitudes, opinions, or other 
prosperities of the data (Groves & Peytcheva, 2008). Additionally, 53,668 women 
between the ages of 15 and 49 were interviewed to address issues specific to women, 
and 27,495 mothers or carers were questioned to report on issues specific to chil-
dren under the age of 5 years. The survey data specifically covers child-related top-
ics, including education, immunization, nutrition, child development, and mortality 
rates. Table 1 provides detailed information regarding the division-wise district level 
sample of mix survey. It shows that there are nine divisions of Punjab, where divi-
sion is sub-administrative units of the province of Pakistan. Each division is com-
prised by number of districts.

3.1 � The Construction of the Household Health Index

The health index offers a single health value that can be used to compare health 
between districts or over time. This study mostly adopts the methods suggested 
by the UK’s ONS annual report (2018) and the WHO’s (2017) strategy for the 
selection of health-related indicators to construct a composite household-based 
health index. Additionally, Sen and  Mondal (2012), Berkley (2015) and the 
WHO served as inspirations for the selection of indicators (2017). The three 
domains that make up the health index are, in general, preventative measures, 
physiological risk factors, and physical health states. The ONS has also devel-
oped the procedures to build a health index for the analysis of the UK’s health 
status using more or less comparable domains and indicators. In this section, 
the three health-related variables (immunization rate, CIAF, and the prevalence 
of CHT) are explained and put into formulas. Additionally, we clarify and sup-
port the asset index,3 which is used as a validator to ensure that each indicator, 
dimension, and final health index are accurate.

3.1.1 � Estimating Child Health

Computating Immunization Rate  The immunization rate is one of the metrics used 
in the protective measures area. A child is deemed fully immunized in accordance 
with the immunized rate if they have got a minimum of one dose of the BCG vac-
cine, three oral polio vaccination doses, the Penta vaccination in three doses (which 

2  https://​mics-​surve​ys-​prod.​s3.​amazo​naws.​com/​MICS5/​South%​20Asia/​Pakis​tan%​20%​28Pun​jab%​29/​
2014/​Final/​Pakis​tan%​20%​28Pun​jab%​29%​202014%​20MICS_​Engli​sh.​pdf
3  The asset index is used as proxy variable to measure long-term household income. The details on con-
struction of asset index at household level are given in upcoming sections.
  https://​link.​sprin​ger.​com/​artic​le/​10.​1007/​s11205-​020-​02594-3

https://mics-surveys-prod.s3.amazonaws.com/MICS5/South%20Asia/Pakistan%20%28Punjab%29/2014/Final/Pakistan%20%28Punjab%29%202014%20MICS_English.pdf
https://mics-surveys-prod.s3.amazonaws.com/MICS5/South%20Asia/Pakistan%20%28Punjab%29/2014/Final/Pakistan%20%28Punjab%29%202014%20MICS_English.pdf
https://link.springer.com/article/10.1007/s11205-020-02594-3
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Table 1   Division-wise District level sample of MICS survey

South Punjab consists of three divisions Dera Gazi Khan, Bahawalpur and Multan

Division (Sample) District Urban Rural Sample

Bahawalpur (3,690) Bahawalpur 452 772 1,224
Bahawalnagar 340 759 1,099
Rahim Yar Khan 452 915 1,367

Dera Gazi Khan (4,051) Dera Gazi Khan 279 741 1,020
Layyah 244 618 862
M. Garh 352 981 1,333
Rajanpur 261 575 836

Faisalabad (4,647) Faisalabad 840 1,013 1,853
Chiniot 289 473 762
Jhang 381 678 1,059
Toba Tek Singh 327 646 973

Gujranwala (6,254) Gujranwala 726 747 1,473
Gujrat 418 682 1,100
Hafizabad 258 432 690
Mandi Bahaudin 245 554 799
Narowal 237 646 883
Sialkot 478 831 1,309

Lahore (4,874) Lahore 1,243 594 1,837
Kasur 408 738 1,146
Nankana Sahib 221 537 758
Sheikhupura 450 683 1,133

Multan (4,526) Multan 623 751 1,374
Khanewal 337 798 1,135
Lodhran 260 606 866
Vehari 354 797 1,151

Rawalpindi (3,756) Rawalpindi 712 644 1,356
Attock 303 566 869
Chakwal 201 589 790
Jhelum 281 460 741

Sahiwal (3,054) Sahiwal 308 723 1,031
Okara 396 731 1,127
Pakpattan 259 637 896

Sargodha (3,553) Sargodha 464 764 1,228
Bhakkar 242 571 813
Khushab 260 450 710
Mianwali 263 539 802

Total 14,164 24,241 38,405
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contains DPT, HepB, and HiB),4 and a single measles-I vaccination dose (Hasan 
et al., 2010). According to the survey, Pakistan’s overall complete immunization rate 
ranges from 47 to 57% (Owais et al., 2011). A comprehensive part on immuniza-
tion is covered by the MICS5 data for Punjab-Pakistan, which includes questions 
from IM1 to IM19 in the questionnaire. In this study, the full immunization rate for 
children under the age of 5 was estimated using MICS5 SPSS5 syntax. To do this, 
the immunization rate (Irate_h) of each household is calculated using Eq. (1), where 
Irate_h is the proportion of the total number of completely immunized children aged 
12 to 35 months in each household (TCFIM_h) to the total number of children in the 
household (TCMH h). The official present:

3.1.2 � Composite Anthropometric Failure Index

In underdeveloped countries in particular, undernutrition is regarded as the leading cause 
of illness and child mortality (Pelletier et al., 1995). It is determined by factors including 
age, height, and weight. For example, a child under the age of 5 is considered underweight 
if they are underweighted for their height and age, wasting when their weight is low for 
their height, and stunting when their height is low for their age. Stunting is thought to be a 
reflection of chronic illness or persistent food deprivation, while wasting is thought to be 
a consequence of more recent illness or food scarcity and acute undernutrition. Addition-
ally, chronic and acute underweight are implicitly measured using the composite index of 
underweight (Nandy & Miranda, 2008). To standardise anthropometric measurements, 
the NCHS/WHO international reference standards are employed. Experts in nutrition 
study typically use Z-scores; with this methodology, the mean and standard deviation for 
a group of children’s Z-scores can be computed. The Z-score in Eq. (2) is defined as the 
difference between an individual’s value and the median value of the reference population 
for the same age or height, divided by the standard deviation of the reference population.

where OF denotes the observed value, MV is the median reference value, and � 
denotes the reference population’s standard error. In addition, the percentage of 
the median (PM) is defined as the difference between the observed value (OV) in 
the individual and the median value (MV) of reference data for people of the same 
age or height and sex. Equations (2) and (3), respectively, give the equations for the 
Z-score and the median percentage.

(1)Irateh =
TCFIMh

TCMHh

× 100

(2)Z − score =
(OF) − (MV)

�
× 100

(3)PM =
OB

MV

4  Diphtheria-pertussis-tetanus (DPT), Hepatitis B (HepB) and Haemophilus influenza type B (HiB).
5  See http://​mics.​unicef.​org/​tools?​round=​mics5#​data-​proce​ssing

http://mics.unicef.org/tools?round=mics5#data-processing
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The most popular Z-score cut-off for all markers is -2 SD, which can be used to 
detect children who are stunted, wasting, or underweight. In other words, a child 
will be deemed undernourished for a specific indicator if their Z-score for stunting, 
wasting, or underweight is below -2 standard deviation; children below -3 stand-
ard deviation are referred to as seriously undernourished. See WHO Child Growth 
Standards6 (De Onis, 2017) for a thorough explanation of how Z-scores are deter-
mined, and get Anthro-Plus Software.7 Each of these three indices offers highly 
helpful details on both chronic and acute malnutrition (WHO, 2017), however they 
are unable to quantify children’s overall undernutrition as a whole (Nandy & Sved-
berg, 2012). The CIAF was introduced by Svedberg (2000) as a general indicator of 
undernutrition. He stated that anthropometric failure is underestimated by stunting, 
wasting, or being underweight, hence he proposes CIAF as a remedy. According 
to Nandy et al. (2005), children with anthropometric failure fall into the following 
categories.

As shown in Table 2, the CIAF assesses the proportion of children under 5 with 
a broad overview of anthropometric failure that reflects health deprivation (Nandy 
& Miranda, 2008; Nandy & Svedberg, 2012; Nandy et al., 2005). Hence, in order to 
assess the nutritional status of children under the age of 5, we applied an anthropo-
metric accomplishment index. As a result, the CIAF offers a thorough assessment of 
anthropometric failure that indicates health deprivation. An anthropometric accom-
plishment is CIAF’s opposite. This index’s formal measurement is the percentage of 
children under 5 who do not have any anthropometric issues. A higher percentage 
indicates a healthier society with a higher predicted life expectancy. The index is 
presented more formally in Eq. (4):

where TCH5 is the total number of children under the age of 5 in the family, 
TC5NAF is the total number of children under the age of 5 without any anthropo-
metric failure, and NAFh is the "no anthropometric failure index".

Calculating the Index for Cough, Hepatitis, and Tuberculosis:
The prevalence of CHT are utilised as indicators for the physical health condi-

tions domain when computing the health index. The MICS5 survey statistics include 
the following three questions about the frequency of infectious diseases: (1) HL16A: 
Has the family member had a fever and a cough for the previous three weeks? 
(2) HL16B: Has the member received a tuberculosis diagnosis during the last 12 
months? (3) HL16C: Has the member had a hepatitis diagnosis within the last 12 
months? The following is the formal Eq. (5) for estimating stage three physical 
health conditions (PHCh):

(4)NAFh =
TC5NAF

TCH5
× 100

(5)PHCh =
NFNCTH

TNMF
× 100

6  https://​www.​who.​int/​tools/​child-​growth-​stand​ards
7  http://​www.​who.​int/​growt​href/​tools/​en/

https://www.who.int/tools/child-growth-standards
http://www.who.int/growthref/tools/en/
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where TNMF denotes the overall number of family members in the household and 
NFNCTH denotes the number of family members who do not have a prevalence 
of CHT. The PHCh is the proportion of a family free of infectious illnesses at the 
time of the survey. This index’s value increases with the level of society’s health and 
productivity.

3.1.3 � The Health Index Calculation Approach

The health index (Hh) is a composite index made up of three domains: preventa-
tive measures, physiological risk factors, and physical health conditions. Each of 
these domains is measured by one of the following three subindices: immunization 
rate, anthropometric failure index, and physical health conditions index. The method 
of measurement for each index was described in the sections before this one. The 
health index is created using the Eq. (6) after these three indices have been deter-
mined for each household.

A household-specific health index is Hh in this case. It calculates the proportion 
of children who are properly immunized, have no anthropometric failure, and are 
free from infectious diseases among all household members. A more productive and 
healthy society is indicated by a higher index value. Also, a higher health index may 
reflect higher economic well-being, either as a result of having a higher income that 
allows them to afford better food, housing, and medical care or because they are 
healthier and therefore don’t need to spend as much on medications and medical 
care (Farooq & Masud, 2021). Table 3 provides a summary of health index indica-
tors and target posts.

(6)Hh =

(

1

3

)

× Irateh +
(

1

3

)

× NAFh +

(

1

3

)

× PHCh, where h = 1, 2, ..,K

(7)Irateh =
ah−0

100−0
where h = 1, 2, ..,K

(8)NAFh =
ah−0

100−0
where h = 1, 2, ..,K

(9)PHCh =
ah−0

100−0
where h = 1, 2, ..,K

Table 3   Summary of health index indicators and goal posts

Indicators of Health Index Formula Min. Value Max. Value

Immunization rate Irate
h
=

TCFIM

TCMH
× 100 0 100

Anthropometric achievement index NAF
h
=

TCNA5

TCH5
× 100 × 100 0 100

Physical health conditions index PHC
h
=

NFNCTH

TNMF
× 100 0 100

Health index
H

h
=

(

1

3

)

× Irate
h
+

(

1

3

)

× NAF
h
+

(

1

3

)

× NoCTH
h

0 100
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3.2 � Calculating Household Level Asset Index

This study used a household-based asset index as a proxy variable for household 
income, offering a better representation of long-term income, as assets accumulate 
over time and embody a multidimensional aspect of household living standards 
(Howe et  al., 2008). A robust analytical framework is necessary for the construc-
tion of the asset index itself; specifically, we have selected a modified version of the 
deprivation measurement index that has been certified by the European Union. The 
reader can access additional, methodical information about how the household-base 
asset index is constructed from Naveed et al. (2021). The following procedures are 
used to construct the household level asset index: 1) Tetrachoric Principal-Compo-
nent Analysis and Exploratory Factor Analysis are used to ascertain the dimensional 
structure of the assets, 2) we have employed Item-Response Theory and Classical 
Test Theory models to identify the best subset of assets in order to minimise sys-
tematic and random errors. These models help in assessing the construct’s validity 
and reliability. Additionally, they support the use of equated household income as a 
validator for the asset index, presuming that households with higher incomes will 
possess more assets and earn more money over the long run. The OECD square root 
equalisation scale approach is used to calculate equalised household income.

Following the implementation of the outlined procedures, the research finds that 
a selection of just 22 items8 from a total of 30 assets can construct a highly reliable 
scale. The household asset index is constructed by applying equal weights to each 
item in the final index, as shown in the equation below.

Here, 𝐴𝑖 stands for the household-specific asset index and ŷ denotes specific 
weights for each asset possessed by the household. The term ain refers to the respec-
tive asset of ith household recorded as a dichotomous variable in Punjab MICS05 
data sets. We obtain an estimated normalized index by merging the asset index ele-
ments, which may range from 0 to 1.

3.3 � Education Index

Exploring whether districts in Punjab with greater educational disparities also 
exhibit higher health disparities would be insightful. To facilitate this investiga-
tion, we have estimated a household-based education index using data from the 
MICS05 survey. The following numbers to 0indicators are used to estimate the 
education index: 1) expected years of education (EYS) for children enrolled in 
school, 2) literacy skills, and 3) mean years of schooling (MYS) for individuals 

(10)Ai = ŷ1ai1 +⋯ + ŷnain

8  The following is a list of the assets: refrigerator, washing machine, air conditioner, car, computer, cater 
filter, stove, iron, motorbike, pump, mobile, watch, fan, bicycle, radio, electricity, phone, gas and finan-
cial assets (bank deposits).
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25 years of age and older. Using modified version of the UNDP framework, 
the following equation is used to estimate the composite education index at the 
household level.

where Eh is the household-specific education index, MYSh is the estimated adult 
mean years of schooling index, EYSh is the expected years of schooling index, Rah 
is the reading ability household index, and Wah is the writing ability index. Finally, 
education disparities are measured by calculating the Gini coefficient of the compos-
ite education index.

3.4 � Methods for Calculating Health Disparities

There are numerous estimating methods available for measuring disparities (De 
Maio, 2007). The Gini coefficient is one of many methods for estimating disparities 
that is frequently cited. The Gini coefficient approach is established on the Lorenz 
curve formation. It has been employed in existing studies to assess income dispari-
ties and health disparities (Raskall & Matheson, 1992; Eyal et al., 2013). It is a rela-
tive scale with a value ranging from 0 (no disparity) to 1 (the greatest disparity). The 
Gini coefficient’s index (0–1) has no intuitive significance on its own, but when mul-
tiplied by two, it represents the percentage of the projected mean difference between 
two randomly selected people in the population (Eyal et al., 2013). For example, if 
two households are chosen at random from the population distribution and the dis-
parities in their health or income shares is expressed as a fraction of the mean, the 
deviation is equal to twice the Gini coefficient’s value. This implies that with a Gini 
coefficient of 0.2, there’s an expected 40% difference in the average health or income 
share between the two randomly chosen households. The Palma ratio is another 
widely used method for assessing disparities. Hence, inequality can be meaningfully 
quantified by comparing the top 10% of households with the richest share of house-
holds to the bottom 40% of households, or the poorest (Cobham & Sumner, 2013). 
The Palma ratio axiom states that the lowest and highest tails of the distribution are 
mostly unaffected by changes in income distributions (Palma, 2011, 2016). Further-
more, it has been asserted that across time and between countries, the middle 50% 
largely maintains its stability.

The Sustainable Development Goals (SDG) 2030 programme by the United 
Nations includes the Palma ratio. "By 2030, progressively achieve and sus-
tain income growth of the bottom 40% of the population at a rate higher than 
the national average," states Sustainable Development Goal 10.1. The UNDP, 
numerous other nations, and UN agencies have all made extensive use of the 
Palma ratio. In conclusion, the Palma ratio is incorporated by the UN into the 
SDGs and suggested by numerous research studies, including Doyle and Stiglitz 
(2014), and Palma (2011, 2016)).

The Gini coefficient is an effective measure of disparities since it adheres to 
Lorenz-consistent. It also satisfies the four essential assumptions of inequality 

(11)
E
h =

(

1

4

)

×MYSh +
(

1

4

)

× EYSh +
(

1

4

)

× Rah +
(

1

4

)

×Wah, h = 1, 2, ..,K
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measureme: symmetry, replication invariance, scale invariance, and transfers (Bellù 
and Liberati (2006); Lisker, 2008). While the Palma Ratio can contradict the trans-
fer axiom (where there is a transfer inside the lowest 40%, richest 10%, or 50% in 
the middle). It can be considered more intuitive, this does not stem from its norma-
tive approach, which contradicts the established axiomatic literature on inequality 
measurement (Van Puyenbroeck, 2008). In this study, the Gini coefficient and Palma 
ratio are computed using the composite health index to determine health disparities. 
Similarly, the Gini coefficient is calculated using the asset index to measure income 
disparities.

4 � Results and Discussion

The results of the health indicators and health disparities in Punjab, Pakistan, are 
presented in this section per district.

4.1 � Upshots of Child Health

In this subsection, we present that three health-related indicators which are used to 
compute the composite health index. These three health-related indicators are CIAF, 
chronic CHT and child immunization present.

4.1.1 � Immunization Rate Estimation and its Association with the Asset Index

Many studies applied the income and mother educations as validators for 
immunization rate (Lucyk et al., 2019; Naveed et al., 2021). The immunization 
rate is predicted to be positively correlated with household income and moth-
ers’ level of education (Shah et al., 2021). This is accomplished by establishing 
a link between the household-based asset index and the vaccination rate, and 
then using the asset index as a proxy for household income as a validator for 
immunization achievement.

Table 4 shows the immunization rates of children under the age of 5 by gender 
and district. The Gujrat district performed best when it came to immunizing chil-
dren under the age of 5; around 91% of the youngsters were fully immunized. Places 
second and third, with 89% and 87% respectively, go to the districts of Narowal and 
Jhelum. The lowest immunization rates are found in the Southern Punjab region, 
specifically in the division of Dera Gazi Khan, which comprises the districts of Dera 
Gazi Khan, Muzaffargarh, and Rajanpur. These districts’ immunization rates are 
28%, 37%, and 42%, respectively. In general, among the nine divisions of Punjab, 
Dera Gazi Khan has the worst performance. This could be because the majority of 
the poorest people live in the Dera Ghazi Khan division, which has the lowest lit-
eracy rate in the country (less than 40%; Pakistan Social and Living Standard Meas-
urement 2013 (PSLM), 2013), inadequate infrastructure, discrimination against 
women, political backwardness Ali et  al., 2022, poverty, and unequal access to 
human capital (Shah et al., 2021).
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The low immunization rate is related to household poverty (Ye, 2021). 
According to Fig.  1, there is a strong correlation between the immunization 
rate and the household-based asset index in Punjab. We employed Naveed et al. 
(2021)’s estimation of a valid and accurate asset index at the household level 

Table 4   Immunization rate of 
children in Punjab, Pakistan, by 
gender and District

District Rural Urban Male Female Total

Attock 72.70 81.30 73.00 78.30 75.40
Bahawalnagar 59.10 71.80 68.40 57.30 62.90
Bahawalpur 54.90 55.80 54.30 56.30 55.20
Bhakkar 44.40 56.60 55.60 41.90 48.20
Chakwal 83.20 75.00 81.00 80.70 80.90
Chiniot 71.70 81.80 81.50 71.60 76.10
Dera Gazi Khan 27.10 33.70 28.60 28.60 28.60
Faisalabad 63.40 80.40 71.00 71.50 71.20
Gujranwala 70.90 60.70 67.90 64.10 66.00
Gujrat 89.30 94.20 92.20 89.80 91.00
Hafizabad 59.60 55.90 64.60 51.30 58.20
Jhang 50.50 59.80 52.70 54.50 53.50
Jhelum 84.00 92.60 91.00 81.90 86.70
Kasur 44.50 69.20 54.70 52.20 53.50
Khanewal 56.60 68.40 59.00 60.60 59.70
Khushab 54.30 73.70 62.30 59.60 60.70
Lahore 47.40 74.10 67.40 58.40 63.00
Layyah 61.00 70.50 62.90 63.30 63.10
Lodhran 70.90 70.00 67.10 73.80 70.60
Mandi Bahauddin 59.90 68.90 61.10 64.30 62.40
Mianwali 53.40 58.00 57.90 51.30 54.80
Multan 59.10 65.50 66.80 57.80 61.90
Muzaffarabad 39.60 51.50 42.00 43.10 42.50
Nankana Sahib 58.80 66.70 63.00 57.90 60.80
Narowal 90.00 87.30 91.40 87.30 89.40
Okara 67.90 61.10 64.40 66.90 65.60
Pakpattan 49.50 60.30 50.40 53.90 52.20
Rahim Yar Khan 55.80 71.70 59.00 60.90 59.90
Rajanpur 29.70 61.80 38.60 36.90 37.70
Rawalpindi 58.90 62.40 61.00 60.60 60.80
Sahiwal 57.70 52.10 60.90 52.40 56.40
Sargodha 69.90 65.50 66.20 70.60 68.30
Sheikhupura 55.10 47.70 55.90 48.00 52.40
Sialkot 80.50 77.20 78.40 80.50 79.40
Toba Tek Singh 76.80 86.70 82.30 77.70 80.10
Vehari 84.20 86.30 82.70 86.70 84.80
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as a validator to confirm the accuracy of the immunization rate index results. 
It also demonstrates the favourable correlation between the household-level 
asset index and the immunization index for children under the age of 5, offering 
valuable ex-post authentication of the immunization index. It displays the 95% 
confidence interval of the mean and the quantiles of the asset index for each 
immunization score.

The findings support the underlying hypothesis that households with low perma-
nent incomes would have lower child immunization rates and households with high 
incomes would have higher immunization rates; this connection is non-linear. Our 
findings are in line with those provided by Wiysong et  al. (2012) for developing 
countries, which demonstrate an association among income of the household and 
the child immunization rate.

Immunization rate

Fig. 1   The asset index and immunization rate in Punjab

Table 5   Undernutrition rates in 
children aged 0 to 5

Undernutrition Children Percentage

CIAF 12,618 47.7%
Stunted or Shorter 8891 33.8%
Underweight or Weak 9000 33.9%
Wasting or Thinner 4432 16.9%



796	 T. A. Naveed, I. H. Shah 

1 3

4.1.2 � An Empirical Estimation of the Anthropometric Undernourishment Composite 
Index and its Association to the Asset Index

The WHO Child Growth Standards are used in this study as a guide for the weight 
and height distribution of children under 5.

Table 5 indicates that approximately 34% of children are stunted, 17% are wasting, 
and 34% are underweight. The Composite Index of Anthropometric Failure (CIAF) 
suggests that around 48% of children are underprivileged, with only 52% of children 
having no reported anthropometric problems, as shown in Table 6. In Pakistan, malnu-
trition affects about one in two children. Our findings are consistent with those in the 
Pakistan Demographic and Health 2017–18 (PDHS) Survey and the National Nutri-
tion Survey by UNICEF (2018). Regrettably, Pakistan’s performance on measures 
relating to children is unsatisfactory. For instance, one of the highest rates in the world 
for child mortality is 74.9 deaths per 1000 live births. Also, around 22 million children 
do not attend school, 50% experience iron deficiency, and in some regions of Pakistan, 
more than 70% of children are undernourished. Additionally, about 44% of children 
experience chronic malnutrition, 33% experience acute malnutrition, and 15% experi-
ence both chronic and acute malnutrition.

Table 7 shows Punjab’s less-than-5-year-old children’s anthropometric status by 
district. Dera Ghazi Khan has the highest percentage of anthropometric failure in the 
CIAF, with 64%, Muzaffargarh has 60%, and Rahim Yar Khan has 59%. In contrast, 
the three districts with the lowest rates are Rawalpindi (31%), Attock (35%), and 
Jhelum (35%). As validators for all CIAF indicators, Naveed et  al. (2021)’s asset 
index quintiles are used.9

Figure  2 shows the connection between family income and the subgroup of 
anthropometric failure and the undernutrition that plagues the children of low-
income families. It demonstrates the negative correlation between the CIAF and the 
household-based asset index, offering a valuable ex-post validation of the construct. 
Child undernutrition is axiomatically predicted to be inversely correlated with 
household permanent income (Worku et al., 2018).

The findings in Fig. 3 support the hypothesis that families in the lowest quintiles 
of assets experience the highest incidence of undernutrition and households in the 

Table 6   Group of children under 
the age of 5 with anthropometric 
failure

Group Children Anthropometric 
Failure (%)

Zero Failure 13,846 52.3%
Only Wasting 972 3.7%
Underweight, and Wasting 3429 13%
Stunting, Underweight, and Wasting 1741 6.6%
Stunting and Underweight 6275 23.7%
Only Stunting 2584 9.8%
Only Underweight 715 2.7%

9  https://​link.​sprin​ger.​com/​artic​le/​10.​1007/​s11205-​020-​02594-3

https://link.springer.com/article/10.1007/s11205-020-02594-3
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highest quintiles of income experience the lowest anthropometric failure. An overall 
assessment of children’s health is provided by the immunization rate and anthropo-
metric achievement index.

Table 7   District-wise analysis of CIAF, stunted, underweight, and wasting in children under 5 years

District Stunted/Shorter Underweight/
Weak

Wasting/Thinner CIAF

Attock 23.70 23.60 11.70 35.30
Bahawalnagar 39.10 42.20 20.60 54.80
Bahawalpur 36.20 35.40 19.50 49.70
Bhakkar 34.50 36.40 18.90 48.20
Chakwal 23.50 24.40 13.60 36.90
Chiniot 35.00 38.80 20.60 55.20
Dera Gazi Khan 49.70 48.30 20.00 64.00
Faisalabad 25.50 30.20 20.00 45.10
Gujranwala 28.60 24.80 12.00 39.00
Gujrat 27.40 21.50 11.40 36.40
Hafizabad 33.60 30.60 12.40 44.70
Jhang 36.00 37.40 19.20 52.20
Jhelum 27.30 23.70 10.50 35.40
Kasur 35.90 36.30 16.60 50.10
Khanewal 33.40 34.70 17.80 46.30
Khushab 33.30 34.70 16.30 47.90
Lahore 31.80 29.50 13.60 42.40
Layyah 37.00 36.10 17.50 50.10
Lodhran 37.70 35.80 16.30 54.80
Mandi Bahaudin 32.80 24.70 12.00 41.60
Mianwali 29.20 30.10 14.60 41.40
Multan 34.60 39.40 22.60 53.50
Muzaffargarh 45.80 42.30 18.60 59.60
Nankana Sahib 34.30 34.60 16.10 48.90
Narowal 32.40 29.70 14.20 44.80
Okara 32.10 35.40 18.10 46.40
Pakpattan 35.10 36.60 17.30 47.90
Rahim Yar Khan 44.20 45.40 20.10 58.60
Rajanpur 45.30 42.80 15.50 56.80
Rawalpindi 18.50 19.40 13.90 31.30
Sahiwal 32.00 33.60 18.00 45.90
Sargodha 33.60 36.10 20.50 48.50
Sheikhupura 33.80 33.00 15.10 46.30
Sialkot 23.70 25.00 17.90 41.10
Toba Tek Singh 30.70 35.40 19.10 48.30
Vehari 33.30 35.90 17.80 48.10
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Fig. 2   Index of assets and undernutrition prevalence error bar

Fig. 3   Asset index quintiles with CIAF error bar

Table 8   All household members’ physical health conditions, by subgroup

Health condition Number of people Case Per/1000

Cough 7965 32
Hepatitis 3607 15
Health Deficiency (Cough or Hepatitis or Tuberculosis) 11,927 48.5
Health Deficiency (Tuberculosis and Hepatitis) 97 0.4
Health Deficiency (Cough and Hepatitis, and Tuberculosis) 43 0.2
Health Deficiency (Cough and Tuberculosis) 347 1.5
Tuberculosis 1090 4
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4.1.3 � An Empirical Estimation of the Cough, Tuberculosis, and Hepatitis Composite 
Index and its Association to the Asset Index

Physical health conditions are measured by the frequency of infectious diseases that 
can be fatal as the third domain of the health index. According to Table 8 findings, 
there are 49 cases of physical health deprivation (deficiency), 4 cases of tuberculo-
sis, 15 cases of hepatitis, and 32 cases of chronic cough reported in Punjab for every 
1000 people. A higher index value indicates worse physical health circumstances. 
The physical health deprivation index also displays a negative number of health-
related variables. Therefore, in addition to the immunization rate and the anthropo-
metric achievement index, the inverse of physical health deprivation is employed 
to produce the health index. In other words, a higher health index value indicates 
improved preventative measures, better diet, and better physical health conditions.

Figure 4 displays the district-level physical health conditions index. The overall 
health achievement indicator shows that Bhakkar, Khushab, and Mianwali perform 
the top, whereas Hafizabad and Muzaffargarh perform the worst. In Pakistan, hepa-
titis is one of the diseases that is spreading, with millions of people having HCV 
infection (Waheed et al., 2009). Hepatitis in Pakistan is spread through infected sur-
gical and barbering devices, blood transfusions, and tainted drinking water (Kane 
et al., 1999; Rahut et al., 2020).
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Lack of awareness and unavailability of medical tests for hepatitis for all house-
hold members may be the reason for this low perceived proportion of hepatitis in 
Punjab. In reality, the hepatitis number is expected to be much higher (Umar & 
Bilal, 2012). Figure  5 displays the error bar for the asset index and the physical 
health conditions index. Figure 6 represents the error bar for no prevalence of CHT 
individually, and the asset index. The relationship between the index of physical 
health conditions and the household asset index is clearly seen to be strongly posi-
tive in both Figures. Overall, the estimates of the health index are valid and reliable 

Fig. 5   Asset index error bar and physical health conditions index

Fig. 6   Asset index error bar and physical health conditions index components
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because high-income households experience quality living standards, good food, 
improved sanitation, and access to health facilities that prevent them from infectious 
diseases.

This study empirically confirmed that districts with higher education and income dis-
parities have greater health disparities. Specifically, the Southern districts of Punjab have 
been found to have high levels of deprivation in child-related indicators such as malnutri-
tion and immunization. These districts are made up of the province’s most scattered and 
impoverished people (Khan & Hussain, 2020; Naveed & Khan, 2018). Access to child 
health facilities becomes more difficult when districts lack resources, and the population 
is scattered (Khan et al, 2023; Saleem et al., 2021). These districts’ household earnings 
are primarily tied to agriculture. These districts are prone to flooding. As a result, house-
hold income resources and asset accumulation are highly fragile, having a negative impact 
on children’s food and nutrition. Along with a lack of economic resources, political back-
wardness is a contributing factor to the health sector’s underdevelopment (Ali et al, 2022). 
In Punjab’s southern regions, poor infrastructure and a lack of safe drinking water are 
severe challenges. Poor sanitation and unclean drinking water are major causes of child 
malnutrition; also, a low immunization rate traps children in a vicious circle of infections 
(Rahut et al., 2020). Poor health and income pulled the people of these districts down the 
human development ladder. There should be a stronger emphasis on child poverty alle-
viation, particularly on enhancing children’s education and health care (Shah et al., 2021; 
Wiysong et al., 2012).

4.2 � District‑level Health Index: The Results Reveals the Poor are Sick

The general health position of Punjab is highly positive despite reduced budgetary 
support for health, subpar medical facilities, and poor departmental coordination 
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because at the moment, a sizable majority of Pakistan’s population is young (Ali 
et  al, 2022). Based on immunization rates, CIAF scores, and physical health sta-
tus, each district in Punjab has achieved better health outcomes than other socio-
economic factors like income and education. According to Fig. 7, the health index 
places Dera Ghazi Khan, Rajanpur, and Muzaffargarh at the bottom, while Jhelum, 
Chakwal, and Gujrat are at the top. The physical health conditions index is generally 
lowering the health index and overstating the state of health in 36 districts. It won’t 
be as high as it is now for each district’s health index currently if it only includes the 
immunization rate and anthropometric accomplishment indices, but in that case, the 
health index would only be dependent on child health indicators (Khan & Hussain, 
2020). We are unable to include access to general healthcare facilities and high-qual-
ity healthcare services in the formulation of a health index due to the data shortage.

To evaluate the construct’s validity, the correlation between the household asset 
index and the health index is calculated. The household-based asset index deciles 
and the household-level health index have a substantial positive correlation, as 
shown in Fig.  8. It clearly shows that when the household-based health index is 
evaluated, the physical health condition index raises both the immunization index 
and the anthropometric achievement index. Figure 8 displays the deciles of the asset 
index and the 95% confidence band around the mean for the scores on household 
health. It supports the hypothesis that high-income families would have a high level 
of health index and low-income households would have a lower level. This connec-
tion has been demonstrated in much of the existing literature (Boen et  al., 2021). 
We have created a household-level health index that is objectively valid based on 

Fig. 8   Asset index and health index
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the significant correlation between assets and health scores shown in Fig. 8. Also, 
it gives us assurance that it is okay for us to apply this index to calculate the health 
inequalities in 36 districts.

4.3 � Using Alternative Methods to Estimate Punjab’s Health Disparities

We illustrate the persistence of health disparities using multiple empirical meth-
odologies and a variety of robustness checks. In this section of the investigation, 
the Palma ratio and Gini coefficient approaches are utilised to describe the health 
disparities among the 36 districts. Additionally, we analyse the relationship 
between socioeconomic factors and health disparities.

4.3.1 � Health Disparities: The Estimates of Gini and Palma

The Gini-coefficient and Palma-ratio are estimated from the household based composite 
health index to compute health disparities in 36 districts of Punjab province of Pakistan.

Table 9, presented below, shows the distribution of health shares, the Palma ratio, and 
the Gini coefficient comparing the lowest 40% and the highest 10% within each district 
of Punjab. According to Table 9, of Punjab’s 36 districts, Dera Gazi Khan (0.23), Rajan-
pur (0.21), and Muzaffargarh have the largest health inequalities (0.20). Jhelum (0.079), 
Chakwal (0.08), and Gujrat are the districts with the lowest health inequalities (0.09). 
The findings show that Southern Punjab districts have worse health inequalities than 
Central or Northern Punjab areas. The division of Dera Gazi Khan has the three districts 
with the biggest health inequalities, while Rawalpindi’s division includes the three with 
the lowest. For instance, the Dera Gazi Khan district has the most unequal distribution 
of health index scores, with a Gini coefficient of 0.23 and the lowest 22% of the health 
share going to the bottom 40% of the population. In addition, the Dera Gazi Khan divi-
sion’s districts are all mostly underdeveloped, backward, and made up primarily of rural 
areas. The majority of Punjab’s poor people live in this division, which also has sub-
stantial educational disparities, significant income disparities, and subpar socioeconomic 
indices like child mortality, employment, school enrolment, and human development.

The Dera Ghazi Khan district has the largest level of health disparities of all 36 dis-
tricts, with the bottom 40% of the population receiving just 22% of the lowest health share 
and the top 10% receiving 15% of the highest. As a result, the Palma ratio of 0.64 is high-
est in the Dera Ghazi Khan district as compared to others, and the health index distribu-
tion is highly unequal. In contrast, the Palma ratio in Jhelum district is 0.32, with 34% 
of the health share going to the bottom 40% of the population Thus, the Jhelum district 
exhibits the minimal health disparities. Concordance between the Palma ratio and Gini 
coefficient regarding health disparities supports and confirms our analytical findings.

4.3.2 � Between the Gini and Palma Techniques

The Gini coefficient and the Palma ratio indices are generally anticipated to be highly 
correlated. The Palma ratio does not include the middle 50% of the distribution in 
the analysis, while the Gini coefficient is responsive to the distribution’s midpoint. 
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But when it comes to district-level health index disparities, both approaches basi-
cally yield the same outcomes. This supports the Palma ratio approach’s fundamen-
tal premise that the 50% in the middle of the distribution can be disregarded as a 
result of its low level of inconsistency (Palma, 2011, 2016). Figure 9’s scatter plot 

Table 9   Results of health sharing and inequality by District’s lowest 40% and highest 10%

District Lowest 40% Medium 50% Highest 10% Palma-ratio Gini-coefficient

Attock 33.08 55.76 11.15 0.34 0.092
Bahawalnagar 28.56 59.45 11.99 0.42 0.139
Bahawalpur 27.24 60.49 12.27 0.45 0.153
Bhakkar 28.56 59.54 11.91 0.42 0.137
Chakwal 34.07 54.94 10.99 0.32 0.081
Chiniot 28.57 59.28 12.15 0.43 0.142
Dera Gazi Khan 22.20 63.53 14.27 0.64 0.226
Faisalabad 29.75 58.48 11.76 0.40 0.126
Gujranwala 29.56 58.63 11.82 0.40 0.128
Gujrat 33.47 55.44 11.09 0.33 0.085
Hafizabad 27.57 59.96 12.47 0.45 0.158
Jhang 28.19 59.75 12.06 0.43 0.143
Jhelum 34.19 54.84 10.97 0.32 0.079
Kasur 26.58 60.84 12.57 0.47 0.166
Khanewal 28.54 59.46 12 0.42 0.140
Khushab 30.29 58.1 11.62 0.38 0.120
Lahore 30.61 57.83 11.57 0.38 0.116
Layyah 27.22 60.46 12.31 0.45 0.154
Lodhran 28.58 59.36 12.05 0.42 0.138
Mandi Bahaudin 28.59 59.46 11.95 0.42 0.137
Mianwali 29.73 58.56 11.71 0.39 0.126
Multan 27.95 59.89 12.16 0.43 0.147
Muzaffargarh 23.73 62.91 13.36 0.56 0.199
N. Sahib 27.53 60.05 12.41 0.45 0.153
Narowal 30.22 57.97 11.81 0.39 0.122
Okara 28.21 59.42 12.37 0.44 0.149
Pakpattan 26.29 61.04 12.66 0.48 0.172
Rahim Yar Khan 26.33 60.94 12.73 0.48 0.170
Rajanpur 22.75 63.56 13.69 0.60 0.210
Rawalpindi 31.40 57.17 11.43 0.36 0.109
Sahiwal 27.51 60.11 12.38 0.45 0.156
Sargodha 29.58 58.65 11.77 0.40 0.126
Sheikhupura 27.58 60.1 12.32 0.45 0.154
Sialkot 30.45 57.84 11.71 0.38 0.119
Toba Tek Singh 31.2 57.33 11.47 0.37 0.107
Vehari 30.39 57.9 11.71 0.39 0.118
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shows that the Gini coefficient and Palma ratio have a very strong connection The 
relationship between the Palma ratio and the Gini coefficient is closely approxi-
mated by an exponential relationship.

We performed a regression analysis between the Gini coefficient and the two 
Palma ratio components in order to further confirm our results. Table 10 shows that 
the Palma components (the top 10% and bottom 40% of households’ share of health) 
account for 99.8% of variations in the Gini coefficient. The positive sign for the 
top 10% indicates that Punjab’s inequality would rise as the proportion of top 10% 
recipients rises. A rise in the percentage of the poorest 40% of individuals would 
result in a decrease in overall inequality, according to the negative sign for the low-
est 40% of the population.

Figure 10 displays the relationship between the Gini coefficient and the per-
centage of health in the top 10% and bottom 40% of households. The findings 
are similar to Table  9 and Fig.  9. Hence, the volatility in the Gini coefficient 
efficiently explains the variation in the top 10% and lowest 40% of household 
health shares. Our findings are in line with those of Cobham and Sumner (2013) 
and Naveed et al. (2021), who found that the top 10% share is positively corre-
lated with the Gini coefficient while the bottom 40% share is inversely related to 
estimates of Gini inequality.

The Palma ratio is considered the good indicator of inequality because of it sim-
plicity. For instance, if the Gini coefficient index value is 0.5, it denotes a major 
inequality issue but has no immediate meaning to a non-technical audience. Con-
versely, if the Palma ratio is 5, it is clear that the richest 10% have 5 times as much 
as the poorest 40%.

Fig. 9   Connection between the Palma ratio and the Gini coefficient
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4.3.3 � The Illiterate Poor are Sick!

Low living standards and inadequate educational opportunities are linked to health 
risks. According to Mackenbach et al. (2014) and Karaoğlan and Saraçoğlu (2018), 
income of the household has a higher impact on a person’s health status than medi-
cal services or facilities do. Public health facilities in Pakistan are insufficient in 
both quantity and quality (Khan et al., 2023). This section examines the connection 
between health disparities and socioeconomic factor disparities in order to verify 
the validity of our findings. In pursuit of this objective, we employed the Gini Coef-
ficient to quantify health, income, and education disparities among districts using 
health, asset, and education indices, respectively. Figure 11a illustrates the correla-
tion between health and education disparities, and Fig. 11b shows the relationship 

Table 10   Regression of the Gini 
coefficient using the highest 
10% and lowest 40%

Standard errors in parentheses. The values *** p < 0.01, ** p < 0.05 
and * p < 0.1 indicate 1%, 5% and 10% significance levels

Variable Model 1

H_Top10% 0.0175***

(0.00171)
H_Bottom40% –0.00756***

(0.000437)
Intercept 0.145***

(0.0331)
Observations 36
R2 0.998

Fig. 10   Gini coefficient and Palma ratio components connection
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between income and health disparities. Figure 11a shows a substantial positive rela-
tionship between health and education disparities, and these disparities are greater 
in districts with higher poverty and illiteracy. Similarly, the findings in Fig. 11b are 
consistent with those in Fig. 11a regarding the strong association between income 
and health inequality. Figures 11a–b show that the districts in Southern Punjab, such 

a

b

Fig. 11   a Connection between Education and Health Disparities. b Connection between Income/Asset 
and Health Disparities
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as Dera Gazi G Khan, Muzaffargarh, Rajanpur, and Rahim Yar Khan, have higher 
income (asset) and education disparities, as well as higher health disparities. Health-
related disparities are also less prevalent in the districts with lower economic dispar-
ities, such as Chakwal, Jhelum, and Gujrat. Similar results were seen for health and 
education gaps. Our results are in line with those in Dong et al. (2022), Karaoğlan 
and Saraçoğlu (2018), who provide evidence that the socioeconomic factors play 
key roles in health inequalities. This section comes to the conclusion that health 
disparities in Punjab province cannot be investigated in isolation and are instead 
explained by household-based economic disparities and education-related dispar-
ities. It is established that health disparities exist and that there is an association 
between socioeconomic characteristics like income and education and individual 
health outcomes (Braveman & Gottlieb, 2014).

5 � Conclusions, Discussion and Policy Recommendations

In conclusion, this paper attempts to create a methodical discourse on the develop-
ment of a household-based health index by taking into account numerous imperative 
health domains and empirically evaluating the construct’s validity for the 36 districts 
of Punjab province. This study explicitly investigates the disparities in child health 
and whether these disparities differ amongst Punjab subregion districts. We make 
sure that we can use the results for this discussion by confirming all of our findings 
using a number of robustness checks. For instance, one of the goals of this paper is 
to estimate health disparities across all districts applying the Palma ratio and Gini 
coefficient and also to contrast the two approaches. Collectively, the findings provide 
robust evidence that child health inequalities are caused by unequal distribution of 
major socioeconomic variables (income and education disparities etc.) across differ-
ent demographic groups. There is strong evidence that child health inequalities rise 
in districts with higher poverty and education gaps.

Our study reveals noteworthy patterns in the differences between the districts’ 
rates of stunting underweight and wasting. According to the CIAF, 48% of children 
in Punjab experience anthropometric failure, with significantly higher rates exceed-
ing 60% observed in districts located in Southern Punjab. This study’s findings fur-
ther underscore the poor state of Punjab’s health sector, revealing that one in every 
two children under the age of five is affected by malnutrition, and over half of the 
children are not receiving the necessary immunizations.

A number of studies have found that socioeconomic variables play a significant 
influence in causing disparities in health outcomes (Braveman & Gottlieb, 2014; 
Karaoğlan & Saraçoğlu, 2018; Sen & Mondal, 2012). We also find significant dis-
parities in child malnutrition in the Southern regions (e.g., in the districts of Dera 
Gazi Khan, Muzaffargarh, and Rajanpur etc.) compared to other regions. It is fur-
ther evident that low vaccination rates were recorded in the areas with comparable 
higher poverty and lower literacy rates. The analysis also supports the prediction 
that families in the lowest quintiles of assets have the highest incidence of under-
nutrition and immunization rate and households in the top quintiles of income have 
the lowest undernutrition and immunization rate. This supports our hypothesis and 
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other studies that households with low permanent incomes would have lower child 
immunization rates and undernutrition (Nandy et al., 2005; Shah et al., 2021; Worku 
et  al., 2018; Ye, 2021). We suggest that reducing disparities in childhood malnu-
trition is significantly influenced by personal socio-economic factors such wealth 
status, parental illiteracy, and degree of knowledge regarding child nutrition and 
immunization.

A household with a high income is more likely to have adequate living circum-
stances, good food, improved sanitation, and access to health facilities that can pro-
tect them against infectious diseases (Dean & Fenton, 2010; O’Boyle & O’Boyle, 
2012). In terms of physical health disparities, we observe a larger proportion of 
cough, tuberculosis, and hepatitis outcomes among low-income households, with 
differences varying among districts. According to the estimates, physical health con-
ditions and asset index have a substantial positive association, implying that higher 
income districts may have less physical diseases such as cough, tuberculosis, and 
hepatitis than high poverty districts.

The empirical analysis revealed that the composite health index was significantly 
higher in the Central or Northern Punjab than Southern Punjab. This validates our 
initial findings from the health indicates, which show that there are significant health 
disparities between Punjab districts. To test the robustness of the findings, we calcu-
lated child health disparities using the Gini coefficient and the Palma ratio, as well 
as assessing their relationship with the asset index. We conclude that the greatest 
health disparities are seen in three districts of Southern Punjab: Dera Gazi Khan, 
Muzaffargarh, and Rajanpur districts. The district of Dera Gazi Khan, in particular, 
has the most unequal distribution of health index scores, with a lower Gini coef-
ficient and the lowest health share going to the poorest 40% of the population. The 
results of this study also concluded a significant correlation between the Gini coef-
ficient and the Palma ratio’s constituent parts (Cobham & Sumner, 2013, Naveed 
et al., 2021). We find that, in districts with higher rates of poverty and illiteracy, the 
lowest 40% of households receive a smaller proportion of health care, which may 
lead to a rise in total health disparity in the children.

In order to provide additional support for our results, our study used the Gini 
coefficient approach to calculate three disparity measures: income, health, and edu-
cation. The results imply a strong correlation between health, income, and educa-
tion disparities and indicate that districts with higher rates of poverty and illiteracy 
also have higher health disparities. The aforementioned findings suggest that the 
observed disparities in child health in the Southern Punjab districts may be attrib-
uted to specific regional factors, such as low parental education, low socioeconomic 
status of the household, and varying levels of awareness regarding child nutrition 
and immunization (Ali et al., 2022; PSLM, 2013; Shah et al., 2021).

The findings imply that policymakers should focus on district-specific factors to 
reduce inequality in income distribution, education and health facilities, child nutri-
tion, and immunization. For example, increasing water and sanitation coverage has 
the potential to alleviate malnutrition and nutrition inequality in rural regions, but 
only if complete populations are served (Mkupete et al., 2022). To further prevent 
health disparities, policymakers should work to raise the health share of the lowest 
40% of the population. Particularly, in districts where access to healthcare is still 
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disproportionately concentrated among the wealthy, policy initiatives can concen-
trate on expanding the availability of health services and raising public awareness 
of them (Khan et al., 2023). Health policymakers should conduct a survey designed 
specifically to measure child poverty as well as a public awareness campaign for 
child nutrition and immunization. It may be possible to lessen the disparity in chil-
dren’s health by implementing well-thought-out policies that raise household per 
capita income and the level of education of family heads (Dong et al., 2022). These 
variables can only be handled on a big scale at the national level by policymakers 
and will most likely have an influence only in the long run, after sufficient resources 
are mobilised to achieve these goals. It is highly suggested that Southern Punjab 
implement these child health-related activities.

Despite its significant contributions to the literature, we acknowledge that our 
work suffers from limitations. Significant elements of health are not included in 
the composite household-based health index due to data restrictions, such as access 
to quality health services, satisfaction with services received, proportion share of 
income for health expenditures. The health analysis in this study is confined to Pun-
jab, one province of Pakistan. In our subsequent project, we plan to expand the anal-
ysis to encompass all four provinces of the country. Although the estimates are con-
fined to a cross-sectional examination of health disparities, a time trend estimation 
of health indicators and health disparities can be acquired by gathering data from 
different rounds of DHS and MICS surveys. Additionally, this paper’s estimations 
are restricted to identifying health disparities and contrasting Gini & Palma’s find-
ings; yet, determining the socioeconomic, political, and geographic causes of health 
disparities would be a valuable addition to the subject.
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