Journal of Multidisciplinary Healthcare Dove

The Association between Water, Sanitation, Hygiene,
and Child Underweight in Punjab, Pakistan: An
Application of Population Attributable Fraction

Muhammad Nadeem ', Mumtaz AnwarZ, Shahid Adi|3, Wiajid Syed 4, Mahmood Basil A AI-RawiS,
Ayesha Igbal®’

'Department of Economics, University of Education, Lahore, Vehari Campus, Pakistan; 2School of Economics, University of the Punjab, Lahore,
Pakistan; 3Punjab Resource Improvement and Digital Effectiveness (PRIDE) Project, Planning and Development Board, Government of the Punjab,
Punjab, Pakistan; *Department of Clinical Pharmacy, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia; *Department of Optometry,
College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia; ®Division of Pharmacy Practice and Policy, School of Pharmacy,
University of Nottingham, Nottingham UK; “Faculty of Medicine and Dentistry, University of Alberta, Edmonton, Canada

Correspondence: Muhammad Nadeem, Email muhammad.nadeem@ue.edu.pk

Background: Access to safe drinking water, sanitation, and hygiene (WASH) facilities is crucial for health and human rights,
impacting nutrition and weight.

Methods: Multiple Indicators Cluster Survey (MICS) 2017—18 has been used in this study to examine the association between WASH
and underweight, alongside other factors. Analysis included descriptive statistics, association tests, logistic regression, and population-
attributable fractions (PAF).

Results: According to results child were 1.8, 1.1 and 1.04 times less likely to be underweight if they had access to improved source of
drinking water, improved sanitation and hygiene facilities respectively. The likelihood of child being underweight reduces by 1.4, 1.89,
2.01 and 2.55 times if the household wealth status increases from poorest to second, middle, fourth and richest wealth quintiles,
respectively. As the mothers’ education level increases from no schooling to primary, middle, secondary, and higher level, the
possibility of child being underweight reduces by 1.22, 1.24, 1.60 and 2.01 times, respectively. Moreover, the likelihood of a child
being underweight decreases as the education level of the household head improves. If maternal age is less than 20 or more than 35
years the likelihood of the child being underweight is increased by 1.074 and 1.121 times, respectively. A child is 1.1 times more likely
to be underweight if birth spacing is less than 2 years. A child’s risk of being underweight decreases by 1.1 times if they have not
experienced diarrhea. A child who has never been breastfed has 1.3 times higher risk of being underweight. The results of Population
Attributable Fraction (PAF) indicate that holding the other factors constant, approximately 36.46% burden of underweight was
preventable by access to improved drinking water, sanitation, and hygiene practices.

Conclusion: Comprehensive strategy is needed that focuses on improving access to safe drinking water, sanitation infrastructure, and
hygiene behaviors.
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Introduction

Underweight children pose a significant public health concern worldwide, with profound implications for both individual
well-being and societal development. Globally, it is estimated that approximately 149 million children under the age of
five are affected by under nutrition, with underweight being a key indicator of this condition. Underweight is defined as
low weight-for-age. A child who is underweight may be stunted, wasted or both. In 2022 worldwide the number of under
age 5 stunted children has been 148.1 million, which was 22.3% of total children under age 5. Nearly all children affected
lived in Asia (52% of the global share) and Africa (43% of the global share). In 2022, an estimated 45 million children
under 5 (6.8%) were affected by wasting.! In Pakistan, the issue is particularly acute, with a considerable portion of the
population experiencing inadequate access to water, sanitation and hygiene (WASH) facilities. As Pakistan demographic
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and health survey 2017-18, 23% of all children under 5 are underweight.” As per UNICEF report, 53,000 Pakistani
children under five die annually from diarrhoea due to poor water and sanitation. In Pakistan an estimated 70% of
households still drink bacterially contaminated water. Twenty-five million people still practice open defecation.’ Hand
washing facility on premises with soap and water is available to 60% of the population.” In Pakistan 57.5% of children
are at high risk of poor water and sanitation.’

According to estimates, unclean water, poor sanitation, and inadequate hygiene practices cause 50% of malnutrition
cases to be accompanied by recurrent diarrhea or intestinal worm infections.® Lack of access to WASH provision poses
a number of health risks, including parasitic diseases, particularly in children, such as diarrhea, which is a major cause of
fatality in children aged 1-5 years.”® These infections may result in further issues such as anemia, a slowdown in
physical growth, and restriction of cognitive development.'®'" WASH score has been linked to malnutrition through
various direct and indirect processes. While examining this connection, poor WASH practices (dirty water, inadequate
sanitation, and poor hygiene) are directly related to malnutrition, which will cause consumption of fecal-contaminated
environmental materials.'> Numerous illnesses, including diarrhea, environmental enteric infections, and intestinal
infections, may be caused by its intake. Indirect connections between WASH scores and children’s nutritional status
have also been emphasized by.'**'* These connections may include water availability, affordability, and onsite accessi-
bility. Insufficient water supply leads to improper hygiene habits, such as washing hands after urination. Figure 1
illustrates how WASH and underweight are interconnected.

Since the early twentieth century, improved drinking water supplies, sanitation, and hygiene practices have been
emphasized as public health priorities, with a particular focus on the well-being of infants and young children.'® As
a result of pioneering work in the nineteenth century by Snow, the subject of public health has emerged as a viable area
of study in public policy.'” WASH is regarded as an essential part of public health. Water quantity and quality are
important components of WASH. At the point of use, the former concerns the amount of drinking water, whereas the
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Figure | The interlinkages between water, sanitation and hygiene (WASH) and nutrition Adapted from MuraliCdharan (2019).The copyright permission has been obtained
from the author, Arundati Muralidharan. Muralidharan A. The interlinkages between water, sanitation and hygiene (WASH) and nutrition. WaterAid India in Health, 9 August
2019. Available from https://www.wateraid.org/in/publications/the-interlinkages-between-water-sanitation-and-hygiene-wash-and-nutrition.'®
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latter concerns the microbiological quality of water. The technology and behavioral strategies used by individuals and
organizations to securely confine excrement and avoid human contact are referred to as sanitation. However, hygiene
practices involve frequent hand washing with soap (eg, after defecation and before eating). A protective barrier system
that prevents human exposure to disease-causing organisms is formed by various public health aspects of WASH.

It is quite concerning that those who lack access to clean water, sanitary conditions, and good hygiene are also among
those who experience food insecurity and nutritional deficiencies.'®

Unfortunately, children in low- and middle-income nations, notably South Asia, are disproportionately affected,
leaving them in the most vulnerable state. According to the World Health Organization (WHO), an estimated 462 million
adults and 52 million children under the age of five were underweight globally by 2020.'” The highest prevalence of
underweight children was observed in South Asia and sub-Saharan Africa. Pakistan is situated in South Asia, and Punjab
is the most populated province in Pakistan, accounting for more than 50% population of the country’s population. There
are some studies on the determinants of stunting in Punjab. Several individual, household, and community-level factors
have been found associated with stunting. These factors include, age, sex, birth order, and low birth weight, low maternal
education, poor wealth status, and lack of access to clean water and sanitation, high poverty rate, low female literacy rate,
and lack of access to healthcare.”*?* Although the existing studies in Punjab have used access to clean water and
sanitation as determinants of under nutrition, however, there is hardly any study explicitly on the relationship between
WASH and underweight in Punjab. Furthermore, neither of the study has considered the importance of hygienic practices
in determining underweight either in Pakistan or Punjab. This study is also unique from existing as this study has applied
population attributable function to determine the share of WASH in preventing underweight.

Materials and Methods

This study has used latest available data of multiple indicator cluster survey (MICS) 2017-18 for the province of Punjab,
Pakistan. Pakistan is the fifth biggest nation in the world contributing 2.81% in the world populace with a population
density of 281 people in each km®. The neighbor countries of Pakistan are: India, China, Afghanistan and Iran. Punjab
has more than 50% population of the country with approx. 110 Million inhabitants at the time of survey. Multiple
Indicator Cluster Survey (MICS) is a household survey program developed by the United Nations Children’s Fund
(UNICEF) to assist countries in filling data gaps on the situation of children, men, and women. The MICS is designed to
collect data on a range of indicators related to the health, education, child protection, and general well-being. In Punjab,
Pakistan, the MICS is typically conducted by the Punjab Bureau of Statistics (PBS) in collaboration with UNICEF and
other partners. The sample of the survey is representative up to the district level, with a sample of households selected
using a multi-stage cluster sampling approach. It is normally conducted after four years interval and MICS 2017-18 was
fifth round of survey since 2004 in Punjab, Pakistan. 51,660 households were surveyed and 74,010 women aged 1549
were interviewed in MICS, 2017—18. During this survey ethical protocols were followed for consent, voluntary nature of
participation and the confidentiality and anonymity of information. In this data set, information on the situation of
women, children, and homes in each of Punjab’s 36 districts was available at the household level.”> Underweight was
used as a binary dependent variable. Table 1 provides a detailed description of the variables used in this study.

Results
Table 2 presents a summary of the responses against each variable taken into consideration in the study. The first column
reports the frequencies of the variables, in second column the percentages are given, third column provides the average
value followed by standard deviation.
Table 3 reports results of association test between underweight and various socio-economic repressors used in study. It is
evident form results that except gender all repressors are significantly associated with underweight as shown in Table 3.
A logistic regression model was used for the estimation, as the dependent variables were binary in nature, whereas the
independent variables were categorically or continuously scaled. Table 4 presents the results of the regression analysis
are reported in Table 4. Access to drinking water was the first independent variable, and unimproved access to drinking
water was the base category. According to an odds ratio of 0.567 as compared to base category (unimproved access to
drinking water), a household’s child is 1.763 (It may be interpreted that “as compared to unimproved access to drinking
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Table | Descriptive Statistics

Variable

Description

Household Access to Improved
Drinking Water

If drinking water is obtained from any of following sources, access to it is deemed improved and receives
the value |: Public Tap/Standpipe, Tube Well, Motorized Pump, Hand Pump (Mechanical), Dug Well:
Protected Well, Spring: Protected Spring, Tanker-Truck, Cart with Small Tank/Drum/Cane, Water Kiosk,
Piped Water into Dwelling, Piped to Compound/Yard, Piped to Neighbor, Bottled Water, otherwise it
will be 0.

Household using Improved
Sanitation Facilities

It is a binary variable that takes value | if any of following sanitary facilities are present: Pour flush or flush
into a sewer pipe or septic tank. Pit Latrine, flush to Pit Latrine: Pit Latrine with Slab, Ventilated Improved

Pit Latrine, and 0 otherwise.

Household observing Hygiene

It is a binary variable that takes value I, if the household utilizes soap and water for handwashing and 0

otherwise, if no soap and water are available for handwashing.

Number of Household Members

It is a continuous variable and it ranges from 2 to 45.

Education Level of Household
Head

Head of the household’s level of education is a categorical variable with values None/Preschool = 0,

Primary = I, and Secondary = 2. Lower = |, Middle = 2, Upper = 3, and Higher = 4.

Household Wealth Status

A wealth quintile index of household possessions, assets, and amenities is constructed by principal
component analysis after standardizing the variables and it is categorized as: Poorest = |; Second = 2;
Middle = 3; Fourth = 4, and Richest = 5.

Region

If respondent lives in an urban region, binary variable will assume value |; otherwise, it will assume the

value 2.

Gender of Child

It is a binary variable that assumes a value of 1, if child is a boy and a value of 0 if not.

Premature Birth

This variable has been measured on the basis of definition of preterm given by WHO, as “Preterm is
defined as babies born alive before 37 weeks of pregnancy are completed”. So based upon this definition
a binary variable has been constructed and it assumes a value of I, if the birth occurred before 37 weeks

of pregnancy and a value of 0 otherwise.

Mother’s Age

Mothers’ self-reported ages at childbirth divided into three categories: under 20, between 20 and 34, and

35 and above.

Birth Spacing

Birth spacing is the time from the prior live birth to the conception of the index pregnancy. WHO, (2006)
recommends a birth-to-pregnancy interval of 24 months, for optimal maternal and neonatal outcomes. So

this variable is categorized as less than 2 year, 2-3 years or older than 3 years.

Mother’s Education Level

Mother’s education level is a categorical variable with values as None/Preschool = 0, Primary = | Middle

= 2, Secondary = 3, and Higher = 4.

Child Sickness

This is a binary variable that has been assessed as if child experienced diarrhea in the previous two weeks;

otherwise, it assumes a value of 0.

Child ever been Breastfed

Assume |, if Child has ever been nursed and 0 otherwise for this binary variable.

Underweight (Weight for Age)

Whether a child is underweight or not is a binary variable. Variable assumes value I, if a child’s weight is
less than —2 standard deviation for given age of given Z score as per WHO's standard, and 0 otherwise.

A child has been deemed underweight.

Note: Authors’ own calculations.

water, the odds of underweight are 0.567” or alternatively we may convert it in how many times it is less likely by simply
dividing the base' by given odd ratio 0.567 ie 1/0.567= 1.763. Similar method has been followed where odd ratio has
been less than 1) times less likely to be underweight if there is improved access to drinking water. The type of sanitary

facility used by houscholds was the following variable: the default category was unimproved sanitation facilities. A child

is 1.129 times less likely to be underweight if the household uses improved sanitation facilities, according to the odds
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Table 2 Summary of Responses

Variable Frequency Percentage Mean | Standard
deviation
Underweight (Weight Yes = 16,267; No = 57,256 Yes = 22.14; No = 77.86 0.221 0.415
for Age)
Household access to Improved =72,400; Unimproved= 1123 Improved=98.47; Unimproved=1.53 0.015 | 0.123
Improved Drinking
Water
Household using Improved= 54,619 Unimproved = 18,914 Improved=74.28 Unimproved=25.72 0.743 | 0.437
improved Sanitation
Facilities
Household observing Yes= 57,154; No =16,369 Yes = 77.74; No =22.26 0.777 | 0416
Hygiene
Number of Household Number of household members varies from Number of household members varies from 8.4 4.192
Members lowest number of households 2 to 45. lowest number of households 2 to 45.
Education Level of None/Preschool = 28,753; Primary = 14,235; None/Preschool = 39.09; Primary = 19.36; 1.393 1.395
Household Head Middle = 14,813; Secondary = 13,270; Middle = 14.10; Secondary = 18.06;
Higher = 6903 Higher = 9.38
Household Wealth Poorest = 19,651; Second = 16,312; Poorest = 26.73; Second = 22.17; 2.684 1.375
Status Middle = 14,813; Fourth = 13,159; Richest = 9588 | Middle = 20.14; Fourth = 17.92; Richest = 13.05
Region Urban= 18,439; Rural= 55,084 Urban= 25.10; Rural= 74.90 1.749 | 0434
Gender of Child Boy= 37,804; Girl= 35,719 Boy= 51.42; Girl= 48.58 1.486 | 0.5
Premature Birth Yes= 5179; No=68,344 Yes = 7.04; No= 92.96 1.93 0.256
Mother’s Age < 20 = 8049; 20-34 = 60,239; 35 and <20 = 10.94; 20-34 = 81.93; 35 and 1.962 | 0.423
above = 5235 above = 7.12
Birth Spacing <2 =123,145; 2 = 22,131; 3 and above = 28,247 <2 =31.48; 2 = 30.10; 3 and above = 38.42 1.324 1.234
Mother’s Education None/Preschool = 37,509; Primary = 14,254; None/Preschool = 51.03; Primary = 19.38; 1.164 1.401
Level Middle = 6630; Secondary = 8198; Higher = 6932 | Middle =9.02; Secondary = |1.14; Higher = 9.43
Child Sickness Yes = 10,743; No = 62,780 Yes = 14.62; No = 85.38 1.854 | 0.353
Child ever been Yes = 44,732; No = 3045 Yes = 93.81; No = 6.19 1.062 | 0.241
Breastfed

Note: Authors’ own calculations.

ratio associated with improved sanitation facilities (0.885). The odds ratio associated with hygiene practices was 0.96,
which indicates that in households where hygiene practices are practiced, the child is less likely to be underweight.
Improving hygiene practices such as hand washing with soap has also been associated with reduction in underweight
among children.

The number of household members is found to be statistically significant. The odds ratio for this variable is 0.982,
which shows that the likelihood that a child will be underweight decreases as the number of household members
increases. Compared to a household head with no education, when the education level of the household head is primary
and middle, the child is at the higher risk of being underweight. The associated odd ratios with primary and middle level
of housed head education are 1.065 and 1.064 respectively. However, as compared to a household head with no
education, when the education level of the household head is secondary and higher, the child is at the lower risk of
being underweight. The associated odd ratios with secondary and higher level of housed head education are 0.984 and
0.939 respectively.
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Table 3 Association Between Underweight and Independent

Variables

Variable Pearson Chi2 Prob.

Water 30.212 0.000%**
Sanitation 885.961 0.000%**
Hygiene 580.583 0.000%**
House hold member 323.017 0.000%**
Education level of household head 844.472 0.000%**
Household wealth status 2600 0.000%%*
Region 212.266 0.000%#*
Gender 2.200 0.138

Premature birth 20.518 0.000%**
Mother’s age 44.059 0.000%#*
Birth spacing 97.619 0.000%**
Mother’s education level 1800 0.000°**
Child had diarrhea in last 2 weeks 109.292 0.000%**
Child ever been breastfed 15.148 0.000%**

Notes: Authors’ own calculations. Where ***5<0.01.

Table 4 Logistic Regression Results: Dependent Variable = Underweight

Variables Dimension Odd ratio. St. Er. | t-value | p-value | 95% Conf. Interval | Sig
Access to drinking water Unimproved (base)

Improved 0.567 0.062 =5.21 0.000 | 0.458 0.702 | ***
Sanitation Unimproved (base)

Improved 0.885 0.026 —4.23 0.000 | 0.836 0.936 | ***
Hygiene No (base)

Yes 0.961 0.027 —1.44 0.150 | 0.909 1.015
House hold member Numbers 0.982 0.003 —6.48 0.000 | 0.977 0.987 | ¥

Education level of household head | None/Preschool (base)

Primary 1.065 0.032 2.07 0.038 | 1.003 [.130 | **
Middle 1.064 0.038 1.73 0.083 | 0.992 1.142 *
Secondary 0.984 0.035 —0.45 0.656 | 0918 1.055
Higher 0.939 0.049 -1.20 0.230 | 0.847 1.041
(Continued)
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Table 4 (Continued).

Variables Dimension Odd ratio. St. Er. | t-value | p-value | 95% Conf. Interval | Sig
Household wealth status Poorest (base)
Second 0.710 0.024 | —1036 0.000 | 0.665 0.757 | ***
Middle 0.529 0.021 | —15.87 0.000 | 0.489 0.573 | ***
Fourth 0.497 0.023 | —14.99 0.000 | 0.454 0.545 |
Richest 0.392 0.024 | —1522 0.000 | 0.347 0442 | **
Region Urban
Rural 0.850 0.027 -5.09 0.000 | 0.799 0.905 |
Gender Boy 1.043 0.023 1.88 0.061 | 0.998 1.090 *
Girl (base)
Pre mature birth Yes 0.955 0.043 -1.03 0.302 | 0.874 1.043
No (base)
Mother’s age (years) Less than 20 1.074 0.039 1.98 0.048 1.000 1.154 wok

20-34 (base)

35+ 1.121 0.049 2.59 0.009 | 1.028 1.222 | **k
Birth spacing First birth (base)

Less than 2 years 1.106 0.033 337 0.001 1.043 1,173 | »**

2 years or more 1.045 0.031 1.49 0.137 | 0.986 1.107
Mother’s education level None/Preschool (base)

Primary 0.819 0.026 —6.27 0.000 | 0.769 0.872 | *¥*

Middle 0.801 0.037 —4.79 0.000 | 0.732 0.877 | ***

Secondary 0.622 0.031 -9.67 0.000 | 0.565 0.685 | ***

Higher 0.496 0.031 | —11.24 0.000 | 0.439 0.560 | ***

Child had diarrhea in last 2 weeks | Yes (base)

No 0.902 0.026 -3.61 0.000 | 0.853 0.954 | *¥*
Child ever been Breastfed Yes (base)

No 1.274 0.057 5.38 0.000 | I.166 1.391 | ***
Constant 0.819 0.057 —2.87 0.004 | 0.715 0.939 | *¥*
Mean dependent var 0.225 SD dependent var 0418

Pseudo r-squared 0.043 Number of obs 47,630.000
Chi-square 2196.399 Prob > chi2 0.000

Akaike crit. (AIC) 48,662.715 | Bayesian crit. (BIC) 48,890.767

Notes: **p<0.01, **p<0.05, *p<0./ Authors’ own calculations.
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One of the key factors influencing underweight has been identified as household wealth status; as household wealth
rises from the lowest quintile to the next higher level, the likelihood of a child being underweight continues to decline.
The base group comprises households in the lowest or poorest quintile, with odds ratios of 0.710, 0.529, 0.497, and
0.392, respectively. According to data, a child’s risk of being underweight is reduced by 1.40, 1.89, 2.01, and 2.55 times,
respectively, depending on whether family belongs to second, middle, fourth, or top quintile of wealth.

Compared to children in urban areas, those in rural households are less likely to be underweight. The child of a rural
household had an odds ratio of 0.50, which means that the likelihood that a child will be underweight is two times less.

Under current analysis gender of kid affects underweight, as compared to female children; boys are more likely to be
underweight as odd ratio for boys is 1.043.

There is statistically no significant difference between premature and mature child birth for child being at the risk of
being underweight.

As compared to children of maternal age from 20-34 years, the children of maternal age above 35 years are 1.121
times more likely to be underweight. Similarly, the children of maternal age below 20 years are 1.074 times more likely
to be underweight.

Birth spacing has been identified as a significant predictor of a child being underweight; a child is 1.106 times more
likely to be underweight if the birth spacing is less than two years.

Mothers’ educational level has been identified as one of the key factors influencing the possibility that a child will be
underweight. As the mother’s educational level increases from no formal education to a higher level, the likelihood of the
child being underweight continues to decline. Preschool or no education for mothers was used as the base group. The
Odds ratios for mothers with primary, medium, and higher education were 0.819, 0.801, 0.622, and 0.496, respectively.
This shows that depending on the mother’s education level (primary, middle, secondary, and higher), the child is 1.22,
1.24, 1.607, and 2.01 times lower likelihood of being underweight, respectively. A child’s risk of being underweight has
decreased by 1.11 times if they have not experienced diarrhea, which is a significant predictor of weight loss.
Breastfeeding is a significant factor in determining whether a child is underweight, and a child who has never been
breastfed has a 1.274 times higher risk of being underweight.

Discussion
A systematic review of studies conducted in low- and middle-income countries also found a significant association
between access to improved drinking water and reduced risk of underweight in children. This review identified several
mechanisms by which improved water access can lead to reduce under nutrition, including improved hygiene, reduced
exposure to water-borne pathogens, and improved overall health.?* The link between improved sanitation access and
underweight is likely due to the impact of fecal-oral diseases on child health and nutrition. Poor sanitation can lead to the
spread of diseases, such as diarrhea and intestinal worms, which can lead to malnutrition and weight loss in children.
Studies have shown that a lack of access to improved sanitation facilities, such as toilets, is associated with underweight
children. A study conducted in India found that children living in households without improved sanitation facilities were
significantly more likely to be underweight than those living in households with access to such facilities.”> A study
conducted in Nepal found that children whose mothers reported washing their hands with soap before feeding their
children had a lower prevalence of underweight than children whose mothers did not practice this behavior.*®
Compared to a household head with no education, when the education level of the household head is primary or
medium, the child is at the higher risk of being underweight. It may due to the reason that the household head with no
schooling may lack information regarding nutritious and health care needs of the child and may more likely to follow the
instructions of health/nutrition practitioner while household head with primary and middle education may have low
information levels, which may lack proper awareness of the nutritional and health care needs of the children at different
stages of development. They may try to use their own knowledge and home remedies for child caring. In view of the fact
“little knowledge is dangerous” can result in improper health care and inadequate feeding practices, leading to under
nutrition among children. The children of house hold head with higher level of education are less likely to be under
weight as compared to children whose house hold head has no schooling. The association between household higher
education level and being underweight is likely due to a range of factors, including better access to healthcare, improved
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economic status, and increased knowledge of proper nutritional practices. Education can also lead to better decision
making regarding child health and nutrition, which can have a positive impact on child growth and development.
Educational programs that focus on proper nutrition practices, healthcare access, and child development can have
a significant impact on child health and nutrition, particularly in low- and middle-income countries where education
levels are often low.

Household wealth status is an important determinant of child nutrition, with wealthier households better able to access
and afford nutritious foods, healthcare, and other basic needs. Several studies have found a significant association
between household wealth status and being underweight among children. Household wealth status is also linked to food
security, an important factor in child nutrition. A study conducted in Ethiopia found that households with better economic
status were more likely to have food security®’ their children were less likely to be underweight than those from poorer
households.

Compared to children in urban areas, those in rural households are less likely to be underweight. It may be due to the
fact that in rural areas with agricultural economies, households may have access to a wider variety of fresh, locally
produced foods, including fruits, vegetables, and grains. A study by*® found that rural children in Ethiopia had greater
dietary diversity compared to urban children, potentially due to better access to diverse food sources. Furthermore, urban
areas often face environmental challenges such as pollution and overcrowding, which can have negative impacts on child
health. In contrast, rural areas may offer cleaner environments and less exposure to pollutants, which can support overall
health and well-being. Boys had a higher risk of being underweight compared to girls may be due to biological
differences. Boys and girls may have different growth patterns and nutritional requirements, with boys typically
exhibiting higher energy needs and growth rates during certain stages of development. A study by*’ found that boys
generally had higher energy expenditure and metabolic rates compared to girls, potentially increasing their susceptibility
to under nutrition if their dietary intake is inadequate. Secondly, Boys may face barriers in accessing healthcare services
or may be less likely to receive timely medical care compared to girls. A study by>° found that boys in rural Uganda were
less likely to receive appropriate treatment for illnesses compared to girls, which could contribute to poorer nutritional
outcomes among boys.

The link between premature birth and being underweight may be due to several factors. Preterm infants may have
reduced nutrient stores at birth and may require specialized feeding strategies to support their growth and development.
Additionally, preterm infants may be at an increased risk of infection and other health complications that could affect
their growth and development. However, in the current study, there was no conclusive evidence that premature birth
causes a child to be underweight which may be due to the reason that preterm infants often undergo catch-up growth,
a rapid increase in weight and size, particularly during the first few years of life. This phenomenon helps them attain
a weight similar to that of full-term infants over time, thereby reducing the disparity in underweight status.*' Ong et al
provide evidence in this regard and provide insights into the growth patterns of preterm infants and their long-term health
outcomes. Furthermore, preterm infants receive intensive medical care in neonatal intensive care units (NICUs), where
they are closely monitored for growth and nutritional status. Healthcare interventions, such as monitoring growth
parameters, adjusting feeding strategies, and providing appropriate medical interventions contribute to optimizing the
growth and nutritional status of preterm infants.

The link between maternal age and being underweight may be due to several factors. Younger mothers may be less
likely to have access to adequate healthcare during pregnancy and may be at a higher risk of poor nutrition and
inadequate prenatal care. Additionally, younger mothers may have less knowledge and experience with infant feeding
and care practices. Similarly, older mothers may be at an increased risk of chronic health conditions that could affect
maternal nutrition during pregnancy, and may have different infant feeding and care practices.

Birth spacing, which is the time interval between consecutive births, can influence a child’s nutritional status,
including that of underweight. A short birth interval does not allow sufficient time for the mother to fully recover
from the physical and nutritional demands of the previous pregnancy and childbirth. This can lead to maternal health
depletion, where the mother’s body has not had adequate time to replenish essential nutrients and regain strength before
conceiving again. Consequently, the subsequent child may experience suboptimal intrauterine conditions, affecting their
growth and development.*> Conde-Agudelo et al also highlight the association between short birth intervals and adverse
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perinatal outcomes, including low birth weight. Furthermore, closely spaced pregnancies can impose additional stress and
fatigue on the mother, both physically and emotionally. Chronic stress and fatigue can affect maternal health, including
nutritional status and the ability to provide optimal care for the subsequent child, potentially contributing to low birth
weight.

Maternal education plays a crucial role in reducing the risk of under nutrition among children less than five years of
age. Improving maternal education can increase their knowledge of nutrition, health practices, and sanitation, which can
positively affect their children’s health and nutritional status.

33 Reveal a significant association between maternal education and the weight status of school-age children. Children
of mothers with higher levels of education were found to have lower rates of underweight and higher rates of normal
weight compared to children of mothers with lower levels of education. This suggests that maternal education plays
a crucial role in determining the nutritional outcomes of children, with higher maternal education being associated with
better weight status among school-age children.

The link between diarrhea and underweight can be attributed to the loss of nutrients and electrolytes during diarrhea.
This can lead to reduced absorption of essential nutrients, particularly if the child continues to experience diarrhea over
a prolonged period. As a result, the child’s growth can be stunted, leading to underweight status. According to a study in
Uganda, children with diarrhea are more likely to be underweight.** Another study conducted in Bangladesh found that
children with diarrhea had a significantly higher risk of being underweight than those without diarrhea.* Breastfeeding
provides nutrients necessary for a child’s growth, including proteins, carbohydrates, and healthy fats. Breast milk also
contains antibodies that help to protect children from infections and diseases, which can contribute to underweight if left
untreated. Breastfeeding duration also plays a critical role in preventing underweight status. Children who are breastfed

for an extended period have a lower risk of being underweight than those who are breastfed for a shorter duration.’®

Estimating Population Attributable Fractions

To assess the role of the WASH in determining underweight, we determined the population attributable fraction (PAF)
introduced by.>” PAF estimates the proportion of underweight that can be attributed to WASH, holding other factors
constant. In our case, PAF represents the portion of underweight issues that can be eliminated by the provision of
improved drinking water, sanitation, and hygiene to all households across Punjab. PAF results are presented in Table 5.
PAF analysis demonstrated that a 36.46% burden of underweight is preventable by the provision of improved drinking
water, sanitation, and hygiene in Punjab, Pakistan.

This study demonstrated strong connections between WASH-related parameters and under nutrition in children under
the age of five, both before and after controlling for potential confounders. It has contributed to a better understanding of
malnutrition and its causes by evaluating a wide range of variables, such as the household WASH score, education levels
of parents, and income levels. Our findings are consistent with earlier research, which highlighted access to clean
drinking water and adequate sanitation as crucial defenses against malnutrition and under nutrition in low-income and
middle-income countries.*® Similar findings were obtained by*® who examined the connection between child nutrition
status and household sanitation.

Table 5 PAF of WASH of Being Underweight

Mean/Ratio | S.E z P-value | 95% confidence Interval
Scenario 0 | 0.2210 0.0019 —173.06 | 0.000 0.2172 0.2248
Scenario | | 0.1404 0.0131 —20.93 | 0.000 0.1168 0.1687
PUF 0.6353 0.0592 —4.86 0.000 0.5291 0.7627

95% Cl for PAF

Estimate | Minimum Maximum

PAF 0.3646 0.2372 0.4708
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Conclusion

Given the significance of WASH services for nutrition, we used the MICS (2017-18) to examine the impact of WASH on
the nutritional status of children under five in Punjab. Underweight was used to assess the impact of WASH score on
children’s nutrition. Along with various control factors, water, sanitation, and hygiene were considered independent
variables. Descriptive statistics, association tests, logistic regression and PAF were used in the statistical analysis to find
the association between children being underweight and other independent variables. The results indicate that a child is
1.8 and 1.1 times less likely to be underweight, if he/she has improved access to drinking water and sanitation facilitates,
respectively. Moreover, the likelihood of a child being underweight decreases as the education level of the household
head improves and household wealth status increases. The results further indicate that if maternal age less than 20 years
or more than 35 years the likelihood of the child being underweight increases. Birth spacing is a significant predictor of
a child’s underweight; a child is 1.1 times more likely to be underweight if birth spacing is less than 2 years. The
mothers’ improved educational level influences the possibility that the child will not be underweight. Lastly, a child’s risk
of being underweight decreases by 1.1 times if they have not experienced diarrhea, which is a significant predictor of
weight loss. This is coupled with the fact that a child who has never been breastfed has 1.3 times higher risk of being
underweight than one who has breastfed. According to the PAF findings, 36.46% of the burden of underweight is
attributable to WASH, which indicates that 36.46% of the burden of underweight is preventable by the provision of
improved drinking water, sanitation, and hygiene practices in Punjab, Pakistan.

Policy Implications

Based on the results of the study, several policy implications can be drawn to address underweight among children:
Policymakers should prioritize investments in WASH infrastructure, particularly in areas with poor access. Integrated
approaches that combine WASH interventions with nutrition, health, and education programs can yield synergistic
effects. Inter-sectoral collaboration among relevant stakeholders, including government agencies, NGOs, and commu-
nity-based organizations, is essential for implementing comprehensive interventions. Policies aimed at improving access
to education, especially for women and girls, can have positive implications for child nutrition. This may involve
initiatives such as awareness campaigns and adult literacy programs. Poverty alleviation programs targeting the poorest
quintiles can help reduce disparities in nutrition outcomes by improving access to food, healthcare, and education for
disadvantaged families. Community-based nutrition programs and outreach initiatives can play a crucial role in reducing

child underweight.

Limitations of the Study

The study’s cross-sectional design limits its ability to establish causality. It provides a snapshot of the association
between WASH and underweight at a single point in time, but it cannot determine the direction of causality or account
for changes over time. Longitudinal data would provide a more comprehensive understanding of the dynamic relation-
ship between WASH and underweight over time. While the study accounts for various socio-economic factors, there may

be unmeasured confounding variables that influence the relationship between WASH and underweight.

The Potential Future Research

Future research avenues may be conducting longitudinal studies to track changes in WASH practices, and child
nutritional outcomes over time would provide more robust evidence on causality and temporal relationships.
Complementing quantitative analyses with qualitative research methods, such as in-depth interviews and focus group
discussions, can offer insights into the contextual factors shaping WASH practices and their impact on child nutrition.

Data Sharing Statement

Data used to support the findings of this study are available from the corresponding author upon request.
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