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Abstract

Background: The association between social distress and child health is important and attracts research interest.
This study aims to examine the trend of inequality in the mortality rate for children under five (USMR) over time and
decompose the population mental health (PMH)-gradient in USMR into different drivers at the national level.

Methods: Data from 1990 to 2019 on the USMR, PMH, and potential risk factors, such as socioeconomic status, envi-
ronmental exposures at the national level, health behavior, basic water and sanitation services, urbanization, health-
care level, and HIV prevalence, were collected from online databases. We described the trend of USMR and broke
down U5MR based on the countries'risk factor status and PMH. We constructed regression models and decomposed
the drivers of change in USMR disparity based on PMH-gradient.

Results: The difference in USMR between countries with different levels of air pollution and income status was nar-
rowed since 1990 for the high PMH groups. Countries with a higher level of PMH had less significant differences in
U5MR between low- and middle-income groups than those with a lower level of PMH. The development of PMH-
related gradient in child health is not consistent thoroughly. Before 2000, boys experienced a sharper decline in PMH-
related gradient in health than girls did. The decomposition shows that the changes in PMH-gradient in child health
were mainly caused by changes in the return to risk factors. The mental health of female population matters more in
child health outcomes.

Conclusion: Although the U5MR converges across countries, the reason varies. The PMH gradient in child mortal-

ity is mainly explained by the change in the return to risk factors. The PMH-gradient health disparity in boys is larger
than that in girls in 2019, which indicates that boys' health may be more vulnerable to the development of PMH
recently. The findings remind us that we need to pay attention to the hidden reasons for the growth of disparity. It
also suggests that improving PMH has a great impact on reducing PMH-related health disparity, especially for boys.
Our research contributes to the understanding of the transition of PMH-related health disparity in USMR and provides
policy implications for reducing gender disparity in child health.

Keywords: Mortality rate under five, Disparity, Population mental health, Population mental health-gradient
decomposition, Gender difference

Key messages

The difference in under five mortality rate (USMR)
between countries with different levels of air pollution
and income status was narrowed since 1990 conditioning
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Boys experienced a sharper decline in PMH related
gradient in health than girls did.

The changes in PMH-gradient in child health were
mainly caused by changes in the return to risk factors.

PMH of the female population matters more in child
health outcomes.

Background

Achieving the goal of reducing child mortality remains
a challenge. In 2019, the world average mortality rate
for children under 5 years old (USMR) per 1000 live
births was 37.7 [1]. To achieve the target 3.2 of Sustain-
able Development Goals (SDGs) [2], an additional 12.7
thousandths need to be reduced. This rate of decrease
(an annual reduction rate at 3.7% calculated as com-
pound interest rate) is almost equal to the one that had
been experienced in the previous 11years before 2019.
Globally, there are 71 (34.47%) regions or countries that
have not reached the worlds average U5MR, among
which low- and lower middle-income countries account
for 61.42 and 43.2% of regions or countries that have not
reached the USMR target of SDGs 3.2.

To help improve U5MR, it is critical to analyze the
drivers of child health. Existing literature has identified a
variety of factors in explaining the difference in children’s
health. The most highlighted factors are environment
[3-6], education [7, 8], and income [9-14]. For example,
of all the environmental factors, air pollution is regarded
to be most strongly associated with infant mortality and
U5MR [4]. In a study using child individual-level data
and geographic air quality information from 1989 to 2000
in California, the air pollutants such as concentration of
particulate matter (PM10) were found to be positively
associated with child health through a policy shock [6].
Compared with other air pollutants such as CO and NO,,
PM2.5 was associated with the highest infant mortal-
ity and U5MR, followed by PM10 [4]. Since education,
especially parental education, is associated with better
health behaviors and social resources, it is also regarded
as one of the key factors affecting child health [8]. Studies
that normally applied the difference-in-difference (DID)
method and aimed at evaluating certain policy shocks
reported that better parental education could reduce the
incidence of low birth weight and fetal death [15]. In both
developed countries, such as the United States [12], and
developing countries, such as India (a country that con-
tributes to the volume of deaths of children under five
significantly [16]), income and education were found to
be highly correlated with children’s health.

In addition to these most prominent factors, mental
health should be taken into consideration. As guided by
World Health Organization (WHO), there is “no health
without mental health” [17]. Population mental health
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(hereinafter PMH) is not only a population health issue,
it also influences “the progress towards the achievement
of several Millennium Development Goals, such as ...
reduction of child mortality” [18]. In this regard, one of
the important research topics is the association between
maternal mental health and child outcomes [19-22],
given that a mother’s mental health is one of the earliest
impact factors in a child’s life [22]. In fact, several clinical
studies showed that children of parents with depression
had higher medical utilization and higher risk of mental
health disorders than those of parents without depres-
sion [23]. However, in comparison with intensive studies
of education, income, and environment on child health,
discussion about the impact of PMH on child health is
scarce. Existing discussions on PMH and child health
have mainly focused on high-income countries, but a
series of studies suggested that the relationship between
mental health and child health might be different in
low- and middle-income countries (LMICs) from that in
high-income countries, considering the high prevalence
of mental health disorders in LMICs [20]. These findings
directly suggest the importance of examining inequalities
in children’s health across the mental health gradient at
the aggregate population level.

This study takes the PMH-gradient as the key research
point and explores the relationship between education,
environment, income, health behavior, and child health
using national-level data. This approach distinguishes
from the previous studies that discuss the education-
[24-27] and income- [28-30] gradient in adult (or child)
health at the micro level. By focusing on the PMH-related
disparity in child health, this study distinguishes it from
the conventional health inequality studies that used the
concentration index (CI) as the key measurement [31-
33]. Instead, this study discusses the changing PMH-
gradient in children over time and explores sources of
PMH-related health gradient in children.

To examine the PMH-gradient in child health, this
study constructs a national-level dataset from 1990 to
2019, describes the PMH-related gradient in child health,
and decomposes its impact using a quasi-Oaxaca-Blinder
(OB) decomposition [34, 35] strategy. Thus, to observe
the extent to which the change of the gaps in USMR
between high and low PMH status is due to the returns
to investment in risk factors, or due to the change of the
levels of these factors.

Methods

Data source

Data used in this study were obtained from the World
Bank World Development Indicators (WDI) Database,
the Penn World Table 10.0 (PWT100) [36], and Institute
for Health Metrics and Evaluation (IHME) Database. Due
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to data availability, the raw data in use was an unbalanced
panel starting from 1990 to 2019, and the analysis was
performed with data using ten-year intervals. After we
checked the completeness of the data and removed coun-
tries with missing data, 92 countries were included in the
analysis. If countries had missing data, we used a linear
extrapolation approach to impute the missing values. For
example, if a country did not record the value of GDP per
capita in 2000, we used the non-missing data points dur-
ing the period of 1990-2019 in the country to fit a simple
linear regression model to estimate the value for 2000.

Measurement

Mortality rate under five (USMR)

U5MR was measured in terms of the number of deaths
among children under five per 1000 live births. The data
were obtained from the WDI database. Given that the
gender difference of USMR is more sensitive than the
infant mortality rate in capturing the effect of gender dis-
crimination, we analyzed the USMR for boys and girls
separately. We collected the USMR from 1990 to 2019
and constructed a panel data set with five-year intervals
in order to be consistent with other indicators.

Impact factors: PMH, socioeconomic status, environment,
health behavior, urbanization, water and sanitation,
healthcare level, HIV prevalence

PMH was measured by Deaths per 100,000 popula-
tion due to population mental disorders. The data were
obtained from IHME. Countries were classified into two
PMH groups according to the percentile of Deaths per
100,000 population. Countries with Deaths per 100,000
population below the median were considered to have a
low level of mental disorder burden (labeled as the low
PMH group). Otherwise, the countries were consid-
ered to have a high level of mental disorder (labeled as
the high PMH group). Therefore, the low PMH group
referred to the group with a better mental health condi-
tion, while the high PMH group represented the group
with worse mental health status.

We used two indicators as measurements of socioeco-
nomic status for countries, including education and gross
domestic product (GDP) per capita. Our measurement of
education was derived from the human capital variable in
the PWT100. The PWT database is a well-known data-
base that studies the economic progress and capital stock
(including human capital) in each country. The human
capital variable is derived from average years of school-
ing. Therefore, average years of schooling can be derived
from an inverse procedure (For more detail, please visit
PWT100). GDP per capita in the 2015 USD was used as
the measurement of the income status of a country. The
data were obtained from WDI.
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According to the literature, among numerous environ-
mental factors, air pollution was highly correlated with
U5MR [4]. Considering the data availability, air pollution
was mainly referred to outdoor air pollution. The outdoor
air pollution was measured by the mean annual exposure
of fine particulate matter (PM2.5). Although the indoor
population was also associated with the child mortality
rate, we could not identify and obtain relevant data at
the national level for the analysis. Thus, the air pollution
in this paper was referred to outdoor air pollution, and
PM 2.5 was the measurement of outdoor air pollution.
A study showed that PM2.5 has the highest fatality rate
among air pollutants that affect a child health, followed
by PM10 [4]. The smaller particulate matter is, the easier
it could reach to lung cell [6], and the damage is irrevers-
ible. The PM2.5 exposure was calculated by “weighting
annual concentrations of PM2.5 by population in both
urban and rural areas” according to the WDI database.
Countries with PM2.5 below the quintile were consid-
ered to have a lower level of air pollution. Otherwise, the
countries were considered to have a high level of air pol-
lution. The data were obtained from WDI and it started
from 1990 with five-year intervals. Countries were classi-
fied into either the high or low air pollution group.

We also collected data on the smoking rate and alcohol
uptake as proxies of individuals’ health behaviors. The
smoking rate was measured by the prevalence of current
tobacco use among adults, and alcohol uptake was meas-
ured by the consumption of pure alcohol per capita over
the age of 15. The same as previous measures, countries
were divided into two groups based on quantiles. These
two indicators were obtained from WDI. In addition, we
controlled for a series of impact factors such as water
and sanitation, urbanization, healthcare level, and HIV
prevalence to exclude other influences on child mortal-
ity. Water and Sanitation were measured as the share of
population accessing basic water and sanitation services.
Urbanization was proxied by the share of urban popula-
tion. Healthcare level was measured as the number of
physicians per 1000 population. And HIV prevalence was
measured as the share of the population (among the pop-
ulation aged 15—49) with HIV infection. All these indica-
tors were from the WDI database.

Ethical considerations
The data used in this study are publicly available, and eth-
ical approval is not applicable.

Statistical analysis

According to the determinants of health introduced
by WHO [37], USMR was summarized by the sta-
tus of the PMH, socioeconomic status, environmen-
tal, health behavior, basic water and sanitation services,
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urbanization, healthcare level, and HIV prevalence.
Additionally, we examined the extent to which those risk
factors contributed to the changes in USMR by using a
quasi-OB decomposition [34, 35]. The analytical logic
was to decompose the change in health disparity that was
related to PMH status into two sources: the change in the
level of health risk factors and the change in the return to
risk factors.
The benchmark estimation equation is:

In [U5MR;|(sample = t)| = §, + p; PMHGRP;
+H Controls; +¢€;

USMR;|(sample=t) represents USMR at year ¢ for
country i; PMHGRP; equals to 1 if country i at year ¢ is
in high PMH group, and 0 in low PMH group. Controls;
is the control variable vector including education, GDP
per capita, PM2.5, smoking status, alcohol behavior, basic

~ t
USMR| (PMHGRP = 1)
T J—

N
N1 USMR;
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where N is the number of country. Then, for example, the
data sample=1990 data sample=2005
(PMHGRP = 1)

coef sample=2005

U5SMR (PMHGRP = 1) and 7sur

coef sample=2005
were ufseé to compare changes in USMR due to risk fac-
tors from 1990 to 2005 in the high PMH group. To calcu-
late the average predicted U5MR, we conducted a
bootstrap procedure through 200 replications. In each
replication, we randomly draw 70% sample for the
prediction.

Taking the low PMH group as the reference group, the
ratio of the mean of the predicted USMR in the high
PMH group to that in the low PMH group and (Eq. (4))
captures the PMH-related gradient in U5MR. A ratio
above one means the average USMR is higher in the high
PMH group [24]. By using data at different time points,
we estimated the value of 7 ?::; SSZZ’;’ ll:: (referred to t for
simplicity) to examine the change in PMH-related USMR
gradient.

t
(PMHGRP = 1)
T

~ |data sample=t __
coef sample=t ~—

NNT;
U5MR| (PMHGRP = 0)
T

[
;201 USMR;

t
(PMHGRP = 0)
T

water and sanitation services, urbanization, healthcare
level, HIV prevalence rate, and regional fixed effect. H is
the coefficient vector, and ¢; is the residual term.

We estimated Eq. (1) in year t cross-sectionally. Then
we used the estimated coefficients at year 1 to predict
the USMR in year t by using the control variables at year
t (Eq. (2)). Note that T does not necessarily equal t. The
estimated log form of USMR at year t is:

data sample=t

In < USMR,

> = B; + p{PMHGRP/

coef sample=t

+ Controlsfl H"

Equation (2) allowed us to focus on the influence of
mental health conditional on the control variables of
each country. Then the estimated USMR were estimated
by exponentiating the results from Eq. (2), which is:

data sample=t

LUSMR. = (B3+BPMHGRP, +Controls;/H")
Hcoef sample=t (3)
= PIPMHGRP! | @)
T+Controls4/H’>
where ® = e(ﬁo U

PMH (PMHGRP;) is a dummy variable which equals 1
if a country is in the high level PMH group, i.e. worse
mental health group, thus the corresponding predicted
U5MR was estimated as ;.

i

data sample=t
- . )
(PMHGRP = 1) Pl e®

coef sample=t

and the average of multiple predicted USMR was

data sample=t
(PMHGRP =1)

coef sample=t

U5SMR

data sample=t (PMHGRP = 1) = iZiUSMR'

coef sample=r i

All the above statistical analyses are done with the sta-
tistics software Stata 16.

Results

Descriptive statistical analysis

PMH and child health

There was a significant difference in USMR between
countries with different PMH statuses. Countries with
a low PMH status had a higher USMR than countries
with a high PMH status disorders. In our sample, the gap
peaked in 1990, yielding a value of approximately 5.287
percentage points in USMR. However, this gap gradually
narrowed over time (Fig. 1). Generally, countries with a
low level of mental disorder death rate were less wealthy
in terms of GDP per capita, had a lower level of smok-
ing and alcohol consumption, but had a higher level of
PM2.5 (Fig. Al in Appendix).

U5MR by environment group
Figure A2 and A3 in Appendix shows the relationship
between U5MR and PM2.5. The level of PM2.5 was
positively associated with USMR, conditional on PMH
groups or income groups. However, in low-income coun-
tries, the correlation between PM2.5 and U5MR was
weaker, which suggests that there existed other factors
that affect USMR than PM2.5.

We found that the difference in USMR between the
low and high PM2.5 groups varied conditionally on the
PMH status. For countries with a high level of mental
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disorders, USMR in higher PM2.5 exposed countries was
significantly higher than that of less exposed countries
(Fig. 2). The gap observed in 1990 reached 42.48 per 1000
live births, which means that the number of deaths per
1000 children before their fifth birthday in high-pollution
countries increased by 42 compared to low-pollution
countries. This gap was narrowed to 22.42 per 1000 live
births in 2019. However, in the countries with a low level

of mental disorders, the difference in USMR between the
countries with different levels of PM2.5 exposure is much
smaller (Fig. 3).

U5MR by education and income group
Table 1 shows that in the high PMH group, the mortality
rate of low-income countries in 1990 was 6.9 percentage
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points higher than high-income countries. The absolute
gap decreased to 2.4 percentage points in 2019. Rela-
tively, the mortality ratio between low-and high-income
countries rises from 8.09 (161.57/19.97) in 1990 to 8.38
(63.54/7.58) in 2019.

During 1990 and 2019, the mortality rate in the low
PMH group decreased about 9.84 percentage points in
the low-income group and decreased by 3.86 percent-
age points in the middle-income group. The absolute gap
in USMR between low- and middle-income countries
reduced from 10.57 percentage points to 4.63 percent-
age points, which was greater than that in the high PMH

Page 6 of 13

group. The PMH-mortality gradient by gender is shown
in Figs. A4 and A5 in Appendix. For the low PMH group,
the mortality rate in the low-income group in 2019 was
63.54%o0, which was 60.62% more than that in the high
PMH group. This disparity was less salient when we com-
pared USMR in countries with higher income between
the two PMH groups.

PHM-gradient and USMR

Table 2 shows the results from the OLS estimation
of Eq. (1). Overall, USMR has a positive relationship
with PMH burden, air pollution, smoking and alcohol

Mortality Under 5, Low PMH Group
o

o N7

£ 1q7is8g

o —

g gl T v

o

S 80554 e

T 7% S o~a, oS

[

& ~ T~e o

w ® N

o © e ~o- &

S -~ So- o s

= © ~©—0= @, O~q. é2925

2 2 s s\o\ =

o] -0

5 o~ 24,96

= o5 ~O—e-© -0

A
T T T T T T T
1990 1995 2000 2005 2010 2015 2020
Year
95%Cl 95%Cl
——e—=- LowPM25 =——e—- High PM2.5
Fig. 3 Environment-mortality gradient in low PMH group

Table 1 U5MR by income and PMH level (per 1000 live births)
Low PMH Group
Year Low Income Middle Income High Income
1990 161.57 (142.17,180.97) 55.83 (37.49,74.18) 19.97 (15.25,24.69)
2000 136.50 (122.77,150.22) 39.34 (25.54,53.15) 12.51 (9.56, 15.45)
2010 91.57 (79.80, 103.34) 25.09 (17.58,32.60) 9.25 (6.60,11.91)
2019 63.54 (55.04, 72.03) 17.22 (15.82,20.01) 7.58 (545,9.71 )
High PMH Group
Year Low Income Middle Income High Income
1990 92.60 (71.35,113.85) 48.75 (39.75,57.75) 15.57 (10.57,20.57)
2000 70.14 (52.72,87.57) 43.96 (30.79,57.14) 10.83 (647,15.19)
2010 5132 (3845,64.18) 24.02 (16.95,31.09) 8.74 (3.19,14.29)
2019 39.56 (29.03, 50.08) 20.21 (13.55,26.87) 494 (3.94,5.93)

The income category is based on the percentile of GDP per capita (2015 USD). The top 33.33% is regarded as the high-income group, the middle 33.33% as the
middle-income group, and the bottom 33.33% as the low-income group
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consumption, urbanization, and HIV prevalence, but had
an inverse relationship with socioeconomic status and
basic sanitation services. In general, the effect of PMH-
GRP was significant, and the USMR is 20.2% higher in
countries with high PMH status in 1990, this difference
decreased to 13.3% in 2019. We also used the DALYs
of mental disorder to represent the burden of PMH.
The results were in Table A8 in Appendix. Figure A6 in
Appendix shows the general additive model (GAM) anal-
ysis of USMR against DALYs due to mental disorders. It
showed that in developed countries, as DALYs from men-
tal disorders increased, the USMR increased. However,
the relationship between mental disorder and USMR in
LMICs was mixed.

As to the control variables, we found that, for exam-
ple, a 1% increase in PM2.5 was associated with a 0.241%
increase in USMR and a 1% increase in GDP per capita
was associated with a 0.477% reduction in USMR in 1990.
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The regression results disaggregated by gender are shown
in Table Al and A2 in Appendix, and Table A5 shows the
countries included in the regression analysis. Including
the mental health variable in the regression, Table A3 and
A4 provides us with a clear picture that mental health
condition affected USMR more in the female popula-
tion (which is consistent with the findings from previous
studies).

A T-test showed the estimated U5MR differential
between countries with and without a low PMH envi-
ronment is significant at 1% level. We present the ¢
(the PMH-related USMR gradient, which is significant
at 0.001 level) calculated from the estimated mortal-
ity rate using Eq. (4) in Tables 3, 4, 5. Holding the row
constant, moving across each column, we observe the
changes of T due to the change of the level of risk fac-
tors including education, income, environment, health
behavior, basic water, basic sanitation, urbanization,

Table 2 The regression results on determinants of USMR in each time point

Variables m (2) (3) (4) (5)
1990 2000 2005 2010 2019
Ln(U5MR) Ln(USMR) Ln(U5MR) Ln(USMR) Ln(USMR)
PMHGRP(=1) 0.202** 0.226** 0.195* 0.130 0.133
(2.197) (2.514) (1.749) (1.094) (1.102)
Ln(Educ) —0.942%** —0.944%** —0.777%** —0.878** —1.040%**
(—3.083) (—3.554) (—2.765) (—2.608) (—3.169)
Ln(GDP per capita) —0.477%** —0.459%*% —0.459%** —0.445%** —0.353%*
(—7.459) (—8.780) (—7.473) (—6.316) (=5.191)
Ln(PM2.5) 0.241%* 0.167* 0.154 0.153 0.162
(2.287) (1.677) (1.378) (1.282) (1.602)
SmokGRP 0.0426 0.0934 0.157 0.108 —0.0266
(0.439) (1.117) (1.539) (1.158) (—0.230)
AlcohGRP 0.105 0.104 0.0895 0.0436 0.00838
(1.016) (1.153) (0.868) (0.291) (0.0710)
Ln(Basic Water) —0.225 0.0956 0.205 0.163 0.302
(—1.035) (0.442) (0.745) (0.386) (0.506)
Ln(Basic Sanitation) —0.199** —0.104 —0.157 —0.210 —0.120
(=2373) (—1.526) (—1.524) (—1.325) (—0.661)
Ln(Urban Pop.) 0.231 0.0741 0.0877 0.183 0.185
(1.563) (0.498) (0.531) (1.019) (0.871)
Healthcare Level 0.0272 —0.0166 —0.0254 —0.0530 —0.102**
(0.430) (—=0.214) (=0312) (=0.717) (—=2.625)
Ln(HIV) 0.0410 0.0744* 0.0848* 0.109* 0.122**
(1.024) (1.893) (1.823) (1.893) (2.374)
Region Y Y Y Y Y
Observations 80 92 92 92 90
Adj. R-squared 0.909 0.920 0.901 0.887 0.881
F NA NA NA NA NA

Robust t-statistics in parentheses. Column (1) to Column (5) are the regression results from year 1990, 2000, 2005, 2010, 2019, respectively

***p<0.01,** p<0.05,* p<0.1
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healthcare level, and HIV prevalence when the coeffi-
cients of the risk factors remained unchanged. The val-
ues in the same column show the change of T due to the
change in the coefficient of risk factors (return on the
investment in addressing the risk factors) while keeping
the level of risk factors at the same level across different
times. Tables A6 and A7 provide the calculated f using
PMH by gender.

The bold figures on the main diagonal show the ratios
estimated by using the concurrent changes of risk factors
and coeficients. For example, in 1990, USMR in the high
PMH countries was 8.37% (1.0837—1) more than that in
the low PMH ones (Table 3). In 2019, the female USMR
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of the high PMH countries was 4.58% higher than that of
the low PMH peers (Table 4). This number was 4.94% for
males (Table 5). The overall decrease in the PMH-related
U5MR gradient from 1990 to 2019 was 3.68 percentage
points, with 3.66 and 3.65 percentage points for females
and males, respectively.

The trend in the PMH-related gradient in USMR was
not consistent. There was a decrease in the ratio of the
U5MR between the two PMH groups in the first 20 years
since 1990, but the PMH-gradient in USMR increased in
the next decade. Such a trend of PMH-related gradient in
U5MR occurred in both genders (Tables 4 and 5). Over-
all, the PMH-related USMR gradient declined slightly

Table 3 The ratio of average USMR between countries in high PMH group and those with low PMH group

Data Data Data Data Change in data
1990 2000 2010 2019 Dioso_ 2010
Correlation 1990 1.0837 1.0540 1.0627 1.0667 —0.0171
(0.0013) (0.0009) (0.0010) (0.0012) (0.0018)
Correlation 2000 1.1003 1.0680 1.0764 1.0804 —0.0199
(0.0015) (0.0010) (0.0012) (0.0014) (0.0020)
Correlation 2010 1.0552 1.0368 1.0421 1.0444 —0.0108
(0.0009) (0.0006) (0.0007) (0.0008) (0.0012)
Correlation 2019 1.0961 1.1007 1.0964 1.0470 —0.0138
(0.0006) (0.0005) (0.0005) (0.0008) (0.0012)
Change in correlation At9g0— 2019 —0.0230 —-0.0130 —0.0176 —-0.0197 —0.0368
(0.0005) (0.0003) (0.0004) (0.0004) (0.0016)

The under-five mortality ratio is calculated as T = USMRpyiricre=1/USMRpumrGrp=0, where USMR stands for the mean of estimated USMR. And the baseline
prediction of USMR uses PMH status, education, environment, GDP per capita, health behavior, water and sanitation, urbanization, healthcare level, and HIV
prevalence. The reported ratios in Table 3 are computed as the mean of T across 200 bootstrap replications, standard errors in parentheses. In each bootstrap

replication, we randomly draw 70% of the total sample

Table 4 The ratio of average U5MR (female) between countries in high PMH group and those with low PMH group

Data Data Data Data Change in data
1990 2000 2010 2019 Ai990_2019
Correlation 1990 1.0823 1.0527 1.0615 1.0655 —0.0169
(0.0013) (0.0009) (0.0010) (0.0012) (0.0018)
Correlation 2000 1.1012 1.0681 1.0768 1.0810 —0.0202
(0.0015) (0.0011) (0.0012) (0.0014) (0.0021)
Correlation 2010 1.0514 1.0342 1.0392 1.0413 —0.0102
(0.0008) (0.0005) (0.0006) (0.0007) (0.0011)
Correlation 2019 1.0593 1.0400 1.0440 1.0458 —0.0135
(0.0008) (0.0006) (0.0007) (0.0008) (0.0011)
Change in correlation D990 2019 —0.0230 —0.0127 —0.0175 —-0.0197 —0.0366
(0.0006) (0.0003) (0.0004) (0.0004) (0.0016)

The under-five mortality ratio is calculated as T = US’MRPM/—/GRP:W /USMRPMHGRP:O, where U5MR stands for the mean of estimated U5MR. And the baseline
prediction of USMR uses PMH status, education, environment, GDP per capita, health behavior, water and sanitation, urbanization, healthcare level, and HIV
prevalence. The reported ratios in Table 4 are computed as the mean of T across 200 bootstrap replications, standard errors in parentheses. In each bootstrap

replication, we randomly draw 70% of the total sample
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Table 5 The ratio of average U5SMR (male) between countries in high PMH group and those with low PMH group
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Data Data Data Data Change in data
1990 2000 2010 2019 Diooo_ 2010
Correlation 1990 1.0859 1.0558 1.0645 1.0685 —0.0174
(0.0013) (0.0009) (0.0010) (0.0012) (0.0018)
Correlation 2000 1.0990 1.0674 1.0755 1.0794 —0.0195
(0.0014) (0.0010) (0.0011) (0.0013) (0.0020)
Correlation 2010 1.0564 1.0377 1.0431 1.0454 —0.0110
(0.0009) (0.0006) (0.0007) (0.0008) (0.0012)
Correlation 2019 1.0639 1.0432 1.0476 1.0494 —0.0144
(0.0009) (0.0007) (0.0007) (0.0008) (0.0012)
Change in correlation At9g0— 2019 —0.0220 —-0.0126 —0.0169 —-0.0191 —0.0220
(0.0005) (0.0003) (0.0003) (0.0004) (0.0005)

The under-five mortality ratio is calculated as T = USMRpyricre=1/USMRpumrGrp=0, where USMR stands for the mean of estimated USMR. And the baseline
prediction of USMR uses PMH status, education, environment, GDP per capita, health behavior, water and sanitation, urbanization, healthcare level, and HIV
prevalence. The reported ratios in Table 5 are computed as the mean of T across 200 bootstrap replications, standard errors in parentheses. In each bootstrap

replication, we randomly draw 70% of the total sample

more for girls (3.66 percentage points) than for boys (3.65
percentage points) from 1990 to 2019. We can also find
that the PMH-related USMR gradient increased by 0.66
percentage points in the 1990s for girls and by 0.63 per-
centage points for boys. This means that for the last dec-
ade of the 1990-2019 period, girls’ PMH-related USMR
gradient climbed more rapidly than boys. But for the first
two decades, the gap of USMR declined faster in girls
(4.32 percentage points) than in boys (4.27 percentage
points).

Row (Correlation 1990) in Table 3 shows changes in t
due to the change of risk factors while holding the impact
coefficients constant at that in 1990. For instance, the
PMH gradient in USMR decreased by about 1.71 per-
centage points when the estimated coefficient stayed
at the 1990 level while the risk factors were at the 2019
level. The 1.71 percentage point decrease resulted in
6.67% higher USMR in the high-PMH group compared
with that in the low-PMH counterparts, which exceeded
the actual ratio between the low- and high- PMH groups
(1.047).

When evaluating value within a column, which repre-
sents different returns in addressing risk factors changes
over time by assuming the same level of risk factors at
the 1990 level (Column (Data 1990) Table 3), the PMH-
related gradient in USMR reduced about 2.3 percentage
points from 1990 to 2019. The decrease was smaller than
the actual decline of 3.68 percentage points (accounting
about 62.49% in the reduction). Such a result shows that
the decrease in PMH-related USMR gradient was mainly
due to the change in the impact coefficients of risk fac-
tors. It was consistent in both genders.

The t of mortality rate in boys (1.0859) was slightly
higher than that in girls (1.0823) in year 1990, however,
the disparity in PMH-related gradient in boys decreased
to 1.0494 in 2019, which is 0.36 percentage points larger
than that in girls (1.0458). In another word, the dispar-
ity in PMH-mortality gradient was slightly more severe
in boys than girls in 2019. The pattern was consistent
when using the PMH of the female population as the
key variable in child health disparity analysis (Table A6
in Appendix). What’s more, in the 2010s, the estimated
child health gradient associated with PMH was greater
when female mental disorders were considered as the key
explanatory variable, as opposed to using male mental
health status as a key explanatory variable.

Discussion

This study presents a retrospective country-level analysis
of PMH-related gradient in USMR for 30years and shows
that the PMH-gradient in USMR changes over time. The
environment-related disparity in USMR is more signifi-
cant in the high PMH group. The gap in child mortal-
ity between low- and middle-income groups converges
faster in the low PMH group.

Following a decomposition approach that is closely
related to OB decomposition [24], we focus on the PMH-
related gradients in USMR. This approach decomposes
the changes in PMH-related gradient in child health into
two sources: the change of the return to risk factors (the
changes in coefficients), and the change in the level of
risk factors. The PMH (in female population)-related gra-
dient in children’s health shows an “inverted-V” shape in
both girls and boys.
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The study shows that trends in the risk factors mainly
accounted for the change in gradient associated with
PHM in U5MR during the sample period. From 1990 to
2019, changes in levels of risk factors (such as an increase
in the urbanization rate) would lead to a smaller change
in PMH-related disparity in USMR if the impact of each
risk factor remains unchanged. In other words, changes
in levels in risk factors over the past 30years did not con-
tribute to a salient decrease in PHM-related childhood
health disparity. The same pattern applies to both boys
and girls.

We also found that the gap in USMR between coun-
tries with and without a high PMH environment declined
by 3.68 percentage points, whereas the corresponding
change in the return to risk factors predicted a 2.3-point
incline. This means the rise in PMH-related gradient in
U5MR is mainly due to the changes in the return to risk
factors, such as the differential return to education over
time. Our findings show that instead of the changes in
risk factors that raise the PMH-related gradient in USMR,
it is the return to PMH (conditional on risk factors) and
changes in returns to education, income, healthcare
level, health behaviors and water and sanitation services
that play a major role in reducing PMH-related gradi-
ent in USMR. For example, the impact of education and
income, as well as healthcare, have increased over time
for children.

While there has been an overall downward trend in the
child health gradient associated with PMH over the past
30years, the health disparity does not decrease in a con-
sistent pattern over time. In the first 20 years of the study
period, health disparity decreased, and then it began to
climb up. From 2010 to 2019, the PMH-related gradient
in child mortality increased by about 0.48 percentage
points, and this change is mainly explained by the change
in the return to risk factors. The main driver of the
upward and downward change in PMH-related gradient
in child health is primarily the evolution in the strength
of the impact of risk factors. One of the possible explana-
tions is that if risk factors were at a relatively high level,
a small amount of investment might only cause subtle
changes in levels. The magnitude of the impact of each
impact factor on PMH-related gradient in child health
has changed considerably and has become more influen-
tial. Taking education as an example, at the macro level,
although the PMH status of a country is related to its
development status (as discussed earlier) and countries
at different stages of development have their own distri-
bution of risk factors, the marginal role of education has
increased substantially in the last 30 years due to knowl-
edge spillover from globalized information exchange
and purposeful promotion of health education by inter-
national organizations. At the same time, although
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environmental pollution and disease epidemics have a
serious inverse impact on children’s health, the extent to
which this impact may also be weakened due to the wider
coverage of medical care and the advancement of medi-
cal technology. Therefore, changes in the influence of
risk factors are more likely to explain the trends in PMH-
related gradient in USMR than changes in the volume of
the factors themselves.

Over the past 30-year period, PMH-related health
disparity in boys experienced a relatively larger fluctua-
tion in than girls (around 2000), but after 2000, health
disparity declined more for girls than for boys and came
to a slightly lower level of disparity in 2019 than that in
girls. The cause of this phenomenon needs to be further
explored.

Studies showed that mental health issues, such as
postpartum depression and anxiety, are closely linked to
infant development [38, 39]. At the same time, studies
have also shown that the gender of the baby has a direct
impact on postpartum depression. There is evidence
that having a girl baby is more associated with postpar-
tum depression than a boy baby [40, 41], which may be
due to, for example, a lack of family support (financial,
physical and mental) [42]. And some evidences point out
that compared with the baby girl, male infants are asso-
ciated with increased incidence of postnatal depression
[43], due to higher possibility of getting disease such as
inflammation or pre-eclampsia [44]. In any case, families
who suffer more mental health problems in early child-
hood and may cause a higher rate of adverse outcomes
in child development. For example, a large body of lit-
erature reports that child malnutrition is associated with
maternal depression in developing countries [45]. Studies
show that the intellectual development of boys is affected
by maternal depression in the first year postpartum
[46], and infant boys with anxious mothers significantly
reduced their motivation to interact with their mothers
compared to girls with anxious mothers [47]. The devel-
opmental differences between boys and girls caused by
this mental problem can be reflected in academic test
scores at the age of 16 [48]. It is also important to note
that boys are typically more active than girls, which leads
to the possibility that boys are at a higher a risk than
girls from certain conditions such as injuries. Consider-
ing that a child’s safety often depends on the care of his
or her parents, if the parents are in good mental health,
the risky behavior of the child can be effectively avoided.
However, if the parents are suffered from mental disor-
ders, they may be more easily distracted from the care,
which would increase the likelihood of the child being
exposed to risks.

In addition, our data shows that the absolute value of
the correlation coefficient of depressive disorder DALYs
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(female) with USMR (female) and USMR (male) is 0.3377
and 0.3354, respectively. While the relevant value of
depressive disorder DALYs in males is 0.4116 and 0.4124,
respectively. By using anxiety disorder, we get a similar
result, i.e. the absolute value of correlation coefficient of
anxiety disorder DALYs (female) with USMR (female)
and U5MR (male) is 0.4228 and 0.4333, respectively.
While the relevant value of anxiety disorder DALYs in
males is 0.1504 and 0.1606, respectively.

Given the strong correlation between mental health
disorders and infant outcomes, early intervention policies
such as parental education, family visits, and enhanced
community volunteerism in housekeeping and childcare
should be considered.

Our finding, on the one hand, reminds us that we need
to pay attention to the hidden reasons for the growth of
disparity. On the other hand, it also shows that improving
PMH status is essential in reducing PMH-related health
disparity.

In sum, this paper contributes to the existing litera-
ture in two ways: firstly, it shows the macro landscape of
PMH-related gradient in child health and provides evi-
dence on the evolution of children’s health with socio-
economic status, environmental, health behavior, basic
water and sanitation services, urbanization, healthcare
level, and HIV prevalence conditional on PMH status.
Secondly, this study uses the observed and predicted
U5MR to examine the time-varying relationship between
health and PMH and distinguishes the possible cause of
the changes (changes in level of risk factors vs. changes in
coefficients of risk factors).

One limitation is that we used quantiles when group-
ing samples according to PMH and control variables.
It is less accurate since the impact of PMH and control
variables such as environmental exposure on health may
not follow a dose-response pattern. For example, above
a certain threshold, environmental pollution represented
by PM2.5 would have a significant impact on health. The
quantile grouping does not distill such a threshold effect.
In this study, we did not find any literature specifying a
threshold for grouping. Our regression models show the
consistent and expected signs for these two variables,
suggesting a good validity of the models. This may miti-
gate the concerns of inaccurate grouping based on PMH
and PM2.5. Our study presents disparity in USMR asso-
ciated with mental health, changes in such disparity over
time, and the drivers of the changes. Another limitation
of this study comes from the inability to represent in
more detail how population mental health has differen-
tial effects on child health. This is largely due to the una-
vailability of relevant data. For example, we could not
distinguish among various mental health disorders, such
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as prenatal and postnatal depressive conditions, anxiety,
and suicide, which limits our further discussion of the
drivers of the inequalities identified in the paper and pos-
sible interventions to mitigate inequalities. we had to rely
on existing studies in the discussion to explain the results
and possible mechanisms.

Conclusion

This study decomposes the time-varying PMH-health
gradient in children. In high PMH groups, the difference
in child health among different environmental statuses
converge from 1990 to 2019. The PMH-related gradient
in child health changes over time. Considering socioeco-
nomic status, environmental pollution, health behavior,
basic water and sanitation services, urbanization, health-
care level, and HIV prevalence, child health disparity
decreased from 1990 to 2010, but increased in 2010s.
The cause of changes in PMH child health gradient has
been consistent since 1990. The change in PMH-related
under-five mortality disparity is explained primarily by
the return on health risk factors. There is a gender differ-
ence in PMH-gradient, which suggests that the health of
boys under five is more influenced by PMH. PMH-related
health disparity declined more in girls than in boys after
2000. And the PMH-related health disparity in boys is
slightly higher than that in girls, which also highlights
that promoting population mental health status is impor-
tant to reducing PMH-related child health disparity in
boys. Lastly, PMH of female population matters more in
child health.
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