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School of Public Health, Xi’an Jiaotong University Health Science Center, Xi’an, Shaanxi, China, 4School of
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Background: Parental household wealth has been shown to be associated with
o�spring health conditions, while inconsistent associations were reported among
generally healthy population especially in low- and middle- income countries (LMICs).
Whether the household wealth upward mobility in LMICs would confer benefits to
child health remains unknown.

Methods: We conducted a prospective birth cohort of children born to mothers
who participated in a randomized trial of antenatal micronutrient supplementation in
rural western China. Household wealth were repeatedly assessed at pregnancy, mid-
childhood and early adolescence using principal component analysis for household
assets and dwelling characteristics. We used conditional gains and group-based
trajectory modeling to assess the quantitative changes between two single-time
points and relative mobility of household wealth over life-course, respectively. We
performed generalized linear regressions to examine the associations of household
wealth mobility indicators with adolescent height- (HAZ) and body mass index-for-
age and sex z score (BAZ), scores of full-scale intelligent quotient (FSIQ) and emotional
and behavioral problems.

Results: A total of 1,188 adolescents were followed, among them 59.9% were male
with a mean (SD) age of 11.7 (0.9) years old. Per SD conditional increase of household
wealth z score from pregnancy to mid-childhood was associated with 0.11 (95% CI
0.04, 0.17) SD higher HAZ and 1.41 (95% CI 0.68, 2.13) points higher FSIQ at early
adolescence. Adolescents from the household wealth Upward trajectory had a 0.25
(95% CI 0.03, 0.47) SD higher HAZ and 4.98 (95% CI 2.59, 7.38) points higher FSIQ than
those in the Consistently low subgroup.

Conclusion: Household wealth upward mobility particularly during early life
has benefits on adolescent HAZ and cognitive development, which argues for
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government policies to implement social welfare programs to mitigate or reduce the
consequences of early-life deprivations. Given the importance of household wealth
in child health, it is recommended that socioeconomic circumstances should be
routinely documented in the healthcare record in LMICs.

KEYWORDS

birth cohort, household wealth mobility, adolescent, physical growth, cognition,
behavioral health

1. Introduction

The national economic growth in low- and middle- income
countries (LMICs) has been rapidly developing for decades,
potentially resulting in the improvement of child health. According to
country-level data, the global under-five mortality rate substantially
decreased by 53%, from 90.6 in 1990 to 42.5 deaths per 1,000
livebirths in 2015 (1). In general population, individual households
have varying patterns and/or degrees of household wealth mobility.
Based on demographic and health surveys in 39 LMICs, Winskill et al.
(2) reported that children in the poorest households had a higher
probability of co-occurring fever, acute respiratory infection, diarrhea
and wasting. However, a study using data of 121 demographic and
health surveys in 36 LMICs between 1990 and 2011 observed a
quantitatively very small to null association between increases in
per-head gross domestic product and reductions in early childhood
malnutrition (3).

These discrepancies may be explained by the single-time point
measurement of household wealth and cross-sectional nature of
demographic and health surveys among these studies, which are
unable to capture the mobility of individual household wealth.
We only noted two studies conducted in high-income countries
that measured socioeconomic status (SES) at multiple-time points,
which, however, manually categorized the sample into subgroups by
merging the low-, medium-, and high-SES at single-time point in
an un-nuanced manner. They both reported that upward shift of
household SES from baseline had benefits on later cardiovascular
health (4, 5). However, household wealth as the largest contributor to
child health among individual SES measures (6, 7), the associations
between household wealth mobility and child heath remain unclear.
Besides, household wealth can vary by years as compared to stable
parental education and occupation. In addition, as the theory
of Developmental Origins of Health and Disease describes that
exposures to deprivations during early life may lay the foundations
for long-term health (8), it remains unclear whether the upward
mobility of postnatal household wealth would buffer against the
negative effects of prenatal disadvantaged environment on child long-
term health (4). Finally, household wealth and its mobility may exert
positive or negative effects on child and adolescent specific health
outcome (9).

Abbreviations: BAZ, body mass index-for- age and sex z score; CI, confidence

interval; FSIQ, full-scale intelligent quotient; HAZ, height-for- age and sex

z score; LMIC, low- and middle- income country; MUAC, mid-upper arm

circumference; PRI, perceptual reasoning index; PSI, processing speed index;

SD, standard deviation; SES, socioeconomic status; VCI, verbal comprehension

In this study, we used data from a birth cohort in rural western
China where national economy has been rapidly developing for
decades. In our village setting, individual families have wider range
and higher diversities of household wealth as compared to those
in eastern metropolitan cities in last decade, i.e., during our study
period, providing the unique opportunity to assess the household
wealth mobility. We prospectively followed participants at birth, mid-
childhood (7–9 y) and early adolescence (10–14 y) and repeatedly
assessed household wealth at each visit. We aimed to examine the
associations of household wealth at single-time point, conditional
increase between two single-time points and life-course relative
mobilities (trajectories) from pregnancy to early adolescence with
adolescent multiple health outcomes, including physical growth,
cognitive development, and emotional and behavioral problems.

2. Materials and methods

2.1. Study design and participant

We conducted a prospective birth cohort of children born to
mothers who participated in a cluster-randomized, double-blind trial
in rural western China conducted between August 2002 and February
2006 (ISRCTN08850194) (10). Briefly, all pregnant women from
every village in two counties were eligible to enroll in this trial and
were randomized to take a daily capsule of folic acid, iron/folic acid,
or multiple micronutrients until delivery. Among 4,488 singleton live
births eligible to enroll in long-term follow-up after excluding birth
defects, and/or deaths (online Supplementary Figure 1), we followed
1,744 children at mid-childhood (age 7–10 years) between 2012 and
2013, and among them, 1,188 were followed at early adolescence (age
10–14 years) between June-December 2016. The procedure details of
the parent trial and follow-up studies were described elsewhere (10–
12). The trial and follow-up evaluation protocols were approved by
the Ethics Committee in Xi’an Jiaotong University Health Science
Center. Written informed consent was obtained from the biological
parents or caregivers, and verbal consent was obtained from all the
participants depending on their age.

2.2. Household wealth index

We repeatedly assessed household wealth at enrollment of
parent trial (<28 gestational weeks), mid-childhood and early

index; WISC-IV, Wechsler Intelligence Scale for Children, Fourth Edition; WMI,

working memory index.
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adolescence, which was derived from principal component analysis
for household assets and dwelling characteristics. The following items
were included at pregnancy: (i) goods, bicycle, motor, orchard, radio,
TV/VCD, refrigerator, washer, poultry, goat/sheep/pig, cattle/cow
and car/tractor; (ii) characteristics of the house, house types (soil
cave-dwelling, brick-cave dwelling, soil wall, brick/concrete wall, and
apartment), materials for the floor, and availability of electricity,
running water and household toilet. In addition to these, phone,
computer, air conditioner and automatic water heater were included
at mid-childhood and early adolescence. Briefly, household assets
and dwelling characteristics were classified into Having/Yes and Not
having/No. The household wealth index was priorly constructed and
locally validated (13). We categorized the household wealth index to
indicate low-, medium- and high-wealth households by its tercile.

2.3. Measurements of adolescent health at
adolescence-stage visit

2.3.1. Physical growth
All anthropometric measures were taken by the same filed worker

following standardized procedures in a local school classroom.
Standing height was measured to 1 mm precision using a stadiometer
(SZG-210, Shanghai JWFU Medical Apparatus Corporation) and
weight after losing heavy clothes was measured to nearest the 0.1 kg
(BC-420, Tanita Corporation, Tokyo, Japan). Height-for-age and sex
z score (HAZ) and body mass index-for-age and sex z score (BAZ)
were derived using World Health Organization growth standards
(14). Adolescent stunting and overweight/obesity was defined as HAZ
< −2 standard deviation (SD) and BAZ >+1 SD, respectively. Body
mass index (kg/m2) was calculated as weight in kilograms divided by
the square of height in meters.

2.3.2. Cognitive development
We used a validated Chinese version of the Wechsler Intelligence

Scale for Children, Fourth Edition (WISC-IV) (15). The full-scale
intelligent quotient (FSIQ) was derived to represent adolescent
general cognitive development. Besides, other aspects of adolescent
cognitive development including verbal comprehension (VCI),
perceptual reasoning (PRI), working memory (WMI), and processing
speed index (PSI) were derived.

2.3.3. Emotional and behavioral problems
Adolescents actively completed the scale of the Chinese version

of Achenbach Youth’s Self-Report (2001 version) under the guidance
of field workers (16). Three continuous scores were derived, with
lower scores indicating better emotional and behavioral outcome.
Internalizing score was composed of withdrawn, anxious/depressed
and somatic complaints, externalizing score was composed of
delinquent/rule-breaking and aggressive behavior, and the total
behavioral problem score was composed of all symptoms above and
social problem, thought problem and attention problem. Both of
the cognitive development and emotional and behavioral problem
assessments were administrated in a local school meeting room free
of distraction.

2.4. Other covariables

We collected the following covariables by face-to-face interview
using standard procedures in the parent trial. We included parent
age (continuous), education (<3 years, primary, secondary, ≥high
school) and occupation (farmer, others), antenatal randomized
regimens with durations (folic acid or folic acid plus iron <180
days, folic acid plus iron ≥180 days, multiple micronutrients
<180 days, and multiple micronutrients ≥180 days) accounting
for prior findings (12), maternal parity (0, ≥1), maternal mid-
upper arm circumference at enrollment (<21.5 cm, ≥21.5 cm),
and birth outcomes [small-for-gestational age by <10th centile by
INTERGROWTH (17) and sex].

2.5. Statistical analyses

To assess the conditional increase of household wealth, we
calculated the conditional gains of household wealth index between
two single-time points, which was the standardized residual of
regressing household wealth index at prior time point on household
wealth index at later (18). To assess the life-course relative mobility
of household wealth from pregnancy to early adolescence, we
performed group-based trajectory modeling that assigned individuals
with similar features of household wealth mobility trajectories
into distinct, exclusive subgroups (19), using the “traj” command
implemented in Stata software. Models with two or more subgroups
were conducted after accounting for the varying trajectory shapes
of linear, quadratic and/or cubic terms. Data-based parameters and
principles were applied to decide the final subgroups (19), including
(i) Bayesian and Akaike information criterion value, (ii) average
of the posterior probabilities of group membership for individuals
assigned to each group >0.7, (iii) odds of correct classification
based on the posterior probabilities of group membership >5,
and (iv) minimizing overlap in confidence intervals (CIs) and
capturing the distinctive features of the data as parsimonious
as possible.

We took adolescent HAZ, BAZ, FSIQ, and scores of total
behavioral problems, externalizing and internalizing behavioral
problems as primary outcomes, and other aspects of cognitive
development and emotional and behavioral problems as secondary
outcomes, respectively. We performed generalized linear regressions
with Gaussian distribution and identity link to examine the
associations of household wealth mobility indicators with adolescent
health outcomes separately. The adjusted mean differences with their
95% CIs were estimated after including the covariables above. In
addition, we performed stratified analyses by parental education (low
and high educational level) and adolescent sex (male and female)
after obtaining the interaction P-values that were estimated from
likelihood ratio tests comparing models including and excluding the
interaction terms.

For sensitive analyses addressing the lost to follow-up, we
conducted inverse probability weighting, and randomly sampled
the lowest and highest 80% wealth households at pregnancy and
repeated the analyses for primary outcomes. The weight of each
participant is given by the inverse of the predicted probability for
followed participant in a logistic regression model, which included
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parental education, occupation and age, maternal parity and mid-
upper arm circumference, randomized regimens by duration, small-
for-gestational age, and adolescent sex and age. In addition, we
used E-value approach to assess the impact extent of potential
unmeasured confounder on affecting the estimates above (20). All
statistical analyses were conducted in Stata 15.0 (Stata Corp, College
Station, Texas, USA). A two-sided P-value < 0.05 was considered
statistically significant.

3. Results

3.1. Background characteristics

Among 1,188 adolescents included in the final analyses (Table 1),
59.9% were male, and the mean age was 11.7 (SD, 0.9) years
old. Majority of their parents had secondary education and
lived on farming. The percentage of adolescent stunting and
overweight/obesity was 2.3% (27/1,181) and 14.2% (166/1,167),
respectively. The mean (SD) of adolescent HAZ, BAZ, FSIQ, total
behavioral problem score, internalizing and externalizing score was
0.07 (1.07), −0.27 (1.15), 97.2 (12.4) points, 49.0 (24.1) points, 11.2
(7.6) points, and 8.4 (7.1) points, respectively. Adolescents born to
parents who had higher education level, were non-farmers and came
from high-wealth households were more likely to be lost to follow-
up (Table 1). However, the characteristics of birth outcomes between
adolescents followed and those lost to follow-up were balanced.

3.2. Household wealth mobility and
adolescent health

3.2.1. Household wealth at single-time point
As shown in Table 2, per SD increase of household wealth

index at pregnancy was associated with 0.09 (95% CI 0.04, 0.14)
SD higher HAZ, 0.71 (95% CI 0.11, 1.31) points higher FSIQ,
and −1.54 (95% CI −2.84, −0.24) points lower scores of total
behavioral problems and −0.47 (95% CI −0.85, −0.09) points lower
scores of externalizing behavioral problems at early adolescence.
Similar results were observed for household wealth index at mid-
childhood and early adolescence, and for other aspects of adolescent
cognitive development (Supplementary Table 1). While, we observed
null associations of household wealth at mid-childhood and early
adolescence with adolescent socioemotional scores, respectively
(Table 2 and Supplementary Table 2).

3.2.2. Conditional increase of household wealth
between two single-time points

We observed positive associations of conditional increase/gain of
household wealth between two single-time points, i.e., quantitative
increase of household wealth, with adolescent HAZ and cognitive
development, while null associations for BAZ and scores of emotional
and behavioral problems in Table 3 and Supplementary Tables 1, 2.
Specifically, per SD of household wealth conditional increase from
pregnancy to mid-childhood was associated with 0.11 (95% CI 0.04,
0.17) SD higher HAZ and 1.41 (95% CI 0.68, 2.13) points higher
FSIQ at early adolescence, respectively. Similar associations between
conditional increase of household wealth from mid-childhood to

early adolescence and adolescent HAZ and cognitive development
(FSIQ and other aspects) were observed.

3.2.3. Life-course trajectories (relative-scale
mobility) of household wealth and adolescent
health

We identified four distinct life-course trajectories of household
wealth, which could be characterized as: (i) Consistently low (53.8%
of the sample), (ii) Upward (11.4%), (iii) Downward (22.2%),
and (iv) Consistently high (12.6%) (Supplementary Figure 2). The
parameters of deciding the final trajectories were summarized in
Supplementary Table 4 while accounting for the distinctive features
of the data as parsimonious as possible.

Adolescents from the Upward subgroup had a 0.25 (95% CI
0.03, 0.47) SD higher HAZ than those in the Consistently low
subgroup, while adolescents from the Downward subgroup had a
−0.31 (95% CI −0.55, −0.07) SD lower HAZ as compared to those
in the Consistently high subgroup (Table 4). The corresponding
estimates were 4.98 (95% CI 2.59, 7.38) and −4.03 (−6.66, −1.41)
points for adolescent FSIQ. Similar positive associations were
observed for other aspects of adolescent cognitive development
(Supplementary Table 1), while null associations for adolescent BAZ
and scores of emotional and behavioral problems (Table 4 and
Supplementary Table 2).

3.2.4. Stratified analyses by parental education and
adolescent sex

The P-values of interactions between parental education
and adolescent sex and household wealth mobility indicators
were presented in Supplementary Table 4, most of which
were beyond 0.05. Further, we performed stratified analysis
by maternal education (Supplementary Tables 5, 6), paternal
education (Supplementary Tables 7, 8), and adolescent sex
(Supplementary Tables 9, 10). The benefits of household wealth
increase on adolescent HAZ and cognitive development were
more pronounced among adolescents from households with higher
maternal and paternal education. In addition, the benefits were
doubled among adolescent females as compared with males.

3.3. Sensitivity analyses

Finally, the sensitivity analyses accounting for the lost to follow-
up showed comparable results (Supplementary Tables 11–13) to
those in Tables 2–4. The results of E-value approach indicated that
an unmeasured confounder with strong strength would be required
to explain away the observed associations (Supplementary Table 14),
suggesting the robustness of our results.

4. Discussions

We observed that household wealth upward mobility particularly
during early life was associated with adolescent higher HAZ
and better cognitive development in a birth cohort in an
undeveloped setting. Further, adolescents from wealthier households
at pregnancy had lower (better) scores of emotional and behavioral
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TABLE 1 Comparison of background characteristics between adolescents followed and those lost to follow-up in a birth cohort in rural western China.

Factors Adolescents followed from
pregnancy through

mid-childhood into early
adolescence/number (%)

Adolescents lost to
follow-up /number (%)

P-values

n 1,188 (100.0) 3,300 (100.0)

Maternal age years/mean (SD) 24.8 (4.5) 24.6 (4.3) 0.18

Maternal education <0.001

<3 years 77 (6.5) 173 (5.3)

Primary 371 (31.3) 798 (24.3)

Secondary 600 (50.6) 1,811 (55.1)

High school and above 137 (11.6) 503 (15.3)

Maternal occupation <0.001

Farmer 1,030 (87.1) 2,710 (82.7)

Others 152 (12.9) 565 (17.3)

Paternal age (years)/Mean (SD) 28.0 (4.2) 27.8 (4.1) 0.10

Paternal education <0.001

<3 years 20 (1.7) 40 (1.2)

Primary 188 (15.9) 387 (11.8)

Secondary 735 (62.0) 2,033 (61.9)

High school and above 243 (20.5) 824 (25.1)

Paternal occupation <0.001

Farmer 951 (80.3) 2,400 (72.9)

Others 234 (19.7) 890 (27.1)

Household wealth index at pregnancy/enrollmenta
−0.14 (1.4) 0.09 (1.5) <0.001

Low (Q1) 412 (34.7) 1,021 (30.9) 0.003

Medium (Q2) 429 (36.1) 1140 (34.6)

High (Q3) 347 (29.2) 1,139 (34.5)

Parity at enrollment 0.19

0 757 (63.7) 2,172 (65.8)

≥1 431 (36.3) 1,128 (34.2)

Maternal MUAC (cm) 0.341

<21.5 225 (19.1) 582 (17.9)

≥21.5 953 (80.9) 2,678 (82.1)

Randomized regimens 0.12

Folic acid 732 (34.6) 853 (36.0)

Folic acid plus iron 676 (32.0) 795 (33.5)

Multiple micronutrient 707 (33.4) 725 (30.5)

O�spring sex <0.001

Male 712 (59.9) 1,773 (53.7)

Female 476 (40.1) 1,527 (46.3)

Birth weight (gram) /Mean (SD) 3,205 (416) 3,194 (416) 0.46

Gestational weeks at delivery /Mean (SD) 39.8 (1.6) 39.8 (1.7) 0.63

Preterm (<37 gestational weeks) 50 (4.2) 158 (4.8) 0.42

Low birth weight (<2,500 g) 47 (4.1) 99 (3.2) 0.14

Small-for-gestational age (<10th) 138 (12.4) 374 (12.4) 0.99

Age at adolescence (years)/mean (SD) 11.7 (0.9) 11.7 (0.9) 0.55

SD, standard deviation; MUAC, mid-upper arm circumference.
aHousehold wealth at enrollment was derived from principal component analysis for household assets and dwelling characteristics, and was further categorized by its terciles.
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problems. Although the interaction P-values did not reach statistical
significance, the benefits of household wealth increase on adolescent
HAZ and cognitive development were more pronounced among
households with higher maternal or paternal education level.
Furthermore, the corresponding benefits were doubled among female
adolescents as compared with their counterparts.

We used household assets and dwelling characteristics to
construct household wealth index, which is a robust measure
in LMICs as compared to income and consumption, suffering
from information bias. Our study is one of the few studies to
comprehensively assess the mobility and trajectories of household
wealth from pregnancy to early adolescence, evaluate adolescent
health in multiple domains and examined their relationships in
a nuanced manner. Our results show that postnatal household
wealth conditional increase could confer the benefits to adolescent
HAZ and cognitive development after accounting for the influence
of household wealth at pregnancy. Besides, the effect size of
household wealth conditional increase between pregnancy and mid-
childhood seems to be larger than that between mid-childhood and
early adolescence, although with confidence interval overlapping.
This finding is in line with the hypothesis that the plasticity
of child development is larger during early life, particularly
during the first 1,000 days. Another explanation was that school
education may have relatively larger impact on adolescent cognitive
development as compared to household wealth mobility after mid-
childhood/primary school age, given the national strategy of 9-
year compulsory education well-implemented in China. In the
meantime, some nutritional intervention programs were conducted
among school, e.g., the Yingyangbao strategy widely covered in
rural areas in China (21), which potentially buffer against the
health consequences of disadvantaged families. In addition, on the
relative scale (position change) of household wealth in our sample
from pregnancy to early adolescence, our trajectory results show
the consistency of wealth-driven health disparities in LMICs (22).
Of note, adolescents from Upward household wealth trajectory
had comparable HAZ and cognitive development to those from
Consistently high household wealth trajectory. These results suggest
that postnatal household wealth upward mobility may have long-
lasting benefits on adolescent health, particularly for household
wealth increase during early life. Majority of studies considered that
the household wealth was a proxy of offspring access to health care,
optimal diets, clean water and sanitation, home environment and
other resources (23). Nevertheless, mediation analyses reported that
the mediators above could not completely explain the associations
between household wealth and health outcomes at later life (24–26).
Among adults, Zhang and colleagues reported that healthy lifestyle
only mediated a small proportion (3.0% to 12.3%) of the association
between low SES and higher risk of mortality and cardiovascular
diseases (27). These results suggest that poor household wealth
at early life may have a direct or causal link to suboptimal life-
course health outcomes, which may result from persistent structural
changes due to deprivations during pregnancy (28). Our results
that household wealth at pregnancy was associated with adolescent
HAZ, cognitive development and emotional and behavioral health
agree well with this hypothesis. Taken together, to improve child
health and development in public health practices, much efforts
should be made as early as practicable to lay the foundation and
target the high-risk population in disadvantaged households. In
public health implications, we suggested that deprived families
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TABLE 3 Associations between conditional gains of household wealth among periods and adolescent HAZ, BAZ, cognitive development and emotional and behavioral problems in a birth cohort in rural western China
(n = 1,188).

Household wealth Z scores of physical growtha Cognitive developmenta Scores of emotional and behavioral problemsa

HAZ BAZ FSIQ Total problem Internalizing Externalizing

Gains from pregnancy to
mid–childhood/per SD

0.11 (0.04, 0.17) 0.03 (−0.05, 0.10) 1.41 (0.68, 2.13) 0.69 (−0.90, 2.28) −0.02 (−0.53, 0.49) 0.12 (−0.34, 0.59)

Low (Q1) Ref. Ref. Ref. Ref. Ref. Ref.

Medium (Q2) 0.04 (−0.11, 0.19) 0.07 (−0.10, 0.23) 0.87 (−0.79, 2.53) 0.47 (−3.18, 4.12) −0.17 (−1.33, 1.00) −0.10 (−1.17, 0.96)

High (Q3) 0.21 (0.05, 0.37) 0.06 (−0.12, 0.24) 2.82 (1.08, 4.57) 0.98 (−2.83, 4.79) −0.23 (−1.45, 0.99) 0.24 (−0.87, 1.36)

<=0 Ref. Ref. Ref. Ref. Ref. Ref.

>0 0.24 (0.11, 0.37) 0.05 (−0.09, 0.19) 1.98 (0.55, 3.41) 1.6 (−1.53, 4.73) 0.19 (−0.82, 1.19) 0.45 (−0.47, 1.36)

Gains from mid–childhood to
early adolescence/per SD

0.06 (−0.01, 0.12) 0.05 (−0.02, 0.12) 1.07 (0.38, 1.76) −0.43 (−1.93, 1.07) −0.26 (−0.74, 0.22) −0.08 (−0.52, 0.36)

Low (Q1) Ref. Ref. Ref. Ref. Ref. Ref.

Medium (Q2) 0.17 (0.02, 0.32) 0.28 (0.12, 0.45) 0.64 (−1.03, 2.30) 0.35 (−3.27, 3.97) −0.02 (−1.18, 1.14) 0.11 (−0.95, 1.17)

High (Q3) 0.19 (0.04, 0.34) 0.19 (0.01, 0.36) 2.58 (0.87, 4.28) 0.01 (−3.71, 3.73) −0.46 (−1.65, 0.73) 0.29 (−0.79, 1.38)

<=0 Ref. Ref. Ref. Ref. Ref. Ref.

>0 0.11 (−0.02, 0.23) 0.12 (−0.02, 0.26) 1.69 (0.30, 3.07) −0.53 (−3.56, 2.51) −0.23 (−1.20, 0.74) −0.17 (−1.06, 0.71)

Gains from pregnancy to early
adolescence/per SD

0.11 (0.04, 0.18) 0.06 (−0.01, 0.14) 1.74 (1.00, 2.47) 0.06 (−1.56, 1.67) −0.24 (−0.76, 0.28) 0.03 (−0.44, 0.50)

Low (Q1) Ref. Ref. Ref. Ref. Ref. Ref.

Medium (Q2) 0.14 (−0.005, 0.29) 0.23 (0.07, 0.39) 0.58 (−1.04, 2.19) −0.99 (−4.54, 2.55) −0.57 (−1.70, 0.57) 0.24 (−0.79, 1.28)

High (Q3) 0.29 (0.13, 0.45) 0.17 (−0.01, 0.35) 3.92 (2.14, 5.70) −0.76 (−4.66, 3.13) −0.91 (−2.16, 0.34) −0.27 (−1.41, 0.87)

<=0 Ref. Ref. Ref. Ref. Ref. Ref.

>0 0.15 (0.03, 0.28) 0.12 (−0.02, 0.26) 1.95 (0.55, 3.36) −1.25 (−4.34, 1.83) −0.76 (−1.75, 0.23) −0.48 (−1.38, 0.42)

HAZ, height-for- age and sex z score; BAZ, body mass index-for- age and sex z score; FSIQ, full-scale intelligent quotient.
aData are presented with adjusted mean differences and their 95% confidence intervals. The adjustments included parental education, occupation and age, maternal parity and mid-upper arm circumference, randomized regimens by duration, small-for-gestational age,
and adolescent sex and age.
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should be included in social welfare programs at the beginning
of pregnancy.

In addition, the potential benefits of household wealth
increase over time may differ by specific health outcome. We
observed consistent significance for adolescent HAZ and cognitive
development which may result from the appropriate infant feeding,
diets, stimulation, and home environment among higher wealth
households, all of which have been shown to be causes of child
linear growth and development (29). Prior study reported lower
(better) scores of emotional and behavioral problems among
children from wealthier households (30). Our study further
contributes to the literature that higher household wealth at
pregnancy but not postnatal household wealth increase has benefits
on adolescent socioemotional outcomes. In addition, the transition
of overweight/obesity from the wealthy to the poor along with the
national economy increasing was documented in other LMICs (31).
We only observed statistically positive associations of adolescent
BAZ with household wealth at early adolescence, suggesting the
likely minimal impact of household wealth mobility at early life
on adolescent weight. However, we could not provide more details
on the underlying mechanisms linking household wealth to a
specific outcome, and mediation analyses examining corresponding
mediators are needed in future. Overall, postnatal household
wealth increase has some long-term benefits on adolescent health
particularly for adolescents being born and raised in consistently
wealthy families, which argue for government policies to implement
social welfare programs such as cash transfer and health insurance to
mitigate or reduce the consequences of early-life deprivations (32).

Furthermore, we examined the modifications of parent education
and offspring sex on the relationship between household wealth
mobilities and adolescent health, although majority of these
interaction P-values were not statistically significant. In the present
study, the benefits of postnatal household wealth increase on
adolescent health were more pronounced among adolescents
from households with higher parental education. Similarly, prior
study reported that higher maternal education might buffer
against the negative effects of higher household wealth on child
overweight/obesity (33). Besides, Conger and colleagues reported
that higher parent education level would increase their family
investments on child care and consequently lead to the improvement
of child health (34). We hypothesized that households with higher
parental education were more likely to take advantage of the
wealth and transfer resources into appropriate practices of child
care, consequently improving adolescent health (35). As for the sex
modification, the benefits of household wealth increase on adolescent
health were observed both among female and male adolescents, but
the effect sizes particularly for cognitive development were doubled
among adolescent females. Prior study reported that adolescent
females relate to males were more likely to follow the parenting on
healthy life styles (36). Similarly, we previously reported a statistically
significant interactions of maternal education and sex for adolescent
anemia (37). In addition, the relationship of household wealth at
pregnancy and adolescent emotional and behavioral health was only
observed among males in the present study, which may be due to the
statistical power, and/or that adolescent males had higher prevalence
of externalizing behavioral problems as compared to females (38).
However, the sex modification of the relationship between SES and
children emotional and behavioral outcomes were not consistent in
the literature (39), warranting confirmations in future studies.
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Our findings have a few limitations. Firstly, adolescents were
born to mothers who had participated in an antenatal micronutrient
supplementation trial which might limit the generalization. However,
this community-based trial enrolled all eligible pregnant women in
every village and we adjusted for randomized regimens in all analyses.
Besides, this micronutrient intervention strategy would be expected
to weaken the tie between household wealth and adolescent health
for its ability to reduce the wealth-driven equity (40). Secondly,
as with other cohorts with long-term follow-up periods, loss of
participants may lead to the selection bias. Households with higher
parental education and wealth are more likely to move out of
study area into cities and thus be lost to follow, resulting in the
underestimates in our study. We have partly addressed this by
performing inverse probability weighting and repeating analyses
among the lowest and highest 80% wealth households at baseline,
all of which showed comparable results. Thirdly, the household
wealth index derived from assets and dwelling characteristics might
be country-specific, although it was commonly used in LMICs.
Besides, the wealth mobility defined by household wealth index may
not indicate the actual increase of inflation-adjusted family income,
which however mainly suggested wealth positional change among
our participants. Finally, residual confounding was always possible
due to the nature of observational design, and causal inference could
be pursued under the counterfactual outcome framework in future
studies as the reviewer suggested. However, our sensitivity analyses
of E-value approach suggested that the contribution of unmeasured
confounding to biasing our results was likely minimal.

Higher prenatal household wealth and postnatal household
wealth increase particularly during early life had wide benefits
on adolescent HAZ and cognitive development, and possibly
socioemotional outcomes. To improve adolescent health and human
capital outcomes, public health programs targeting at all life-course
stages are warranted and should be accompanied by strategies
to reach the most vulnerable populations at the beginning of
pregnancy. Given the importance of household wealth and other
related SES indicators in child health, it is recommended that
socioeconomic circumstances should be routinely documented in the
healthcare record.
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