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Abstract

Background: The first 1000 days of life support child growth and long-term health,
but few studies address this period in Lebanon and the Eastern Mediterranean
Region.

Obijective: To examine the determinants of nutritional status among Lebanese chil-
dren <2 years old by child's sex.

Methods: We analysed data from a nationally representative cross-sectional survey
of 466 mother-child dyads. We classified socio-economic, maternal, and child char-
acteristics using a hierarchical conceptual framework into distal, intermediate, and
proximal levels, respectively. Sex-stratified weighted multiple linear regression was
computed to identify the determinants of length-for-age z-scores (LAZ) and weight-
for-length z-scores (WLZ).

Results: The mean (standard deviation) of LAZ and WLZ was -0.3 (1.6) and 0.5 (1.5)
among boys and -0.1 (1.4) and 0.5 (1.0) among girls, respectively. At the distal level,
maternal intermediate or high school education was associated with higher boys' LAZ
(B 1.0, 95% confidence interval (Cl) 0.2, 1.8), and less crowded households were as-
sociated with higher girls' LAZ (§ 0.8, 95% CI 0.3, 1.4). At the intermediate level, ma-
ternal obesity was associated with lower girls' LAZ (B 0.9, 95% Cl -1.4, -0.4). At the
proximal level, birth length directly ( 0.1, 95% Cl 0.0, 0.2) and breast-feeding dura-
tion inversely (B 0.1, 95% Cl -0.1, -0.0) associated with girls' LAZ. For WLZ, paternal
attainment of university degree or technical diploma was associated with lower boys'
WLZ (B -0.9, 95% Cl -1.8, -0.1). Among the proximal determinants, birthweight was
directly associated with boys' WLZ (B 1.2, 95% Cl 0.6, 1.8), while being a third or later
child was associated with lower girls' WLZ (f 0.5, 95% CI -0.8, -0.2). Child age was
directly associated with WLZ among boys and girls (§ 0.1, 95% CI 0.0, 0.1).
Conclusions: Nutritional status determinants differed by child's sex in Lebanon.

These findings may help inform interventions to improve child growth.
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1 | BACKGROUND

The first 1000 days of life, which span the period between concep-
tion and the child's second birthday, constitute a unique window of
opportunity to support child growth and long-term health.* This pe-
riod is characterised by the highest plasticity and rapid development
of systems including the brain,? neural, and immune systems as well
as the gut microbiome.® Environmental factors such as socio-eco-
nomic status (SES) and diet during the first 1000 days influence the
child's nutritional status, growth, and health later in life.!

The determinants of nutritional status are multifactorial and
exert their effects at multiple—distal, intermediate, and proximal—
levels. To account for such complex interrelationships, the use of
hierarchical conceptual frameworks has been recommended.*®
The factors at each level of the framework differ by study depend-
ing on the outcome of interest, target population, and a plethora
of other factors. For example, some studies examine community
factors such as hospital accessibility and sanitation practices at
the distal level,® whereas others focus on household factors in-
cluding SES and parental education.”” Proximal factors typically
highlight child characteristics like birth size, sex, infant feeding,
and illness.””?

Many countries in the Eastern Mediterranean Region (EMR) are
experiencing a nutrition transition characterised by a shift towards
sedentary lifestyle and replacement of traditional Mediterranean
diets with Western diets.!® These changes have been associated
with a higher prevalence of non-communicable diseases and alarm-
ing rates of childhood overweight and obesity.!° In the EMR, 6.9%
of children under five years are overweight—higher than the global
average of 6.2%. At the same time, stunting, wasting, and under-
weight are persistent in the region's low- and middle-income coun-
tries.!? In Lebanon, a small middle-income country in the EMR, 6.5%
of children are overweight, 2.7% are obese, and 26.3% are at risk of

t,1% and stunting is prevalent at 7.3%, wasting at 1.1% and

overweigh
underweight at 1.6%.2

Sex differences exist in growth patterns and nutritional status of
children.!® Compared to girls, boys are larger at birth.}® In one of the
few studies examining the variations in growth patterns by child's
sex in Saudi Arabia, boys were generally taller and heavier than girls
until the age of 7-10 years, after which girls were taller and heavier
from 10 to 14-15 years.!” Then, boys again were taller and heavier,
with such differences in growth dependent on age of maturation.

Few studies focus on infants and children <2 years of age in the
EMR,®® and none exist in Lebanon, rather studies of the determi-
nants of nutritional status are among older children (>2 years),19 ad-
olescents,® and adults.?® Further, the studies do not account for the
hierarchical nature among the multilevel determinants of nutritional
status, nor stratify the analysis by child's sex. With these consid-
erations in mind, the aims of this study are to examine the multi-
level determinants of nutritional status during the first 1000 days
in Lebanon and to investigate whether the determinants differ by
child's sex. The results are critical to inform interventions aiming to

help children achieve their full developmental potential.

Synopsis

Study question

What are the determinants of length-for-age z-scores
(LAZ) and weight-for-length z-scores (WLZ) in early life by
child's sex in Lebanon?

What's already known
Socio-economic, maternal, and child characteristics influ-
ence a child's nutritional status, either directly or through

each other, with complex relationships between them.

What this study adds

Hierarchical analysis revealed sex-specific determinants of
child's LAZ and WLZ. Distal determinants for LAZ included
maternal education among boys and crowding index
among girls but only paternal education for boys' WLZ.
Maternal BMI was an intermediate determinant of girls'
LAZ. Proximal determinants of LAZ included birth length
and breast-feeding duration among girls, while those of
WLZ included birthweight among boys and birth order
among girls. Child's age was a proximal WLZ determinant

among both sexes.

2 | METHODS
2.1 | Study design and sample

The current analysis uses data from the Early Life Nutrition and
Health in Lebanon (ELNAHL) cross-sectional study conducted
between September 2011 and August 2012. Details of the study
population and data collection are described elsewhere.'® Briefly, a
nationally representative sample of mothers and children <5 years
old was selected using a complex stratified two-stage cluster sam-
pling design. The six Lebanese governorates served as the sampling
strata and the clusters were selected further at the district level.
Households, which served as the primary sampling units, were
selected from districts based on a probability proportional to size
approach using systematic sampling, whereby a higher number of
households was drawn from more populous districts. Mother-child
dyads living in sampled households were eligible to participate if
the mother was Lebanese, aged 19-40 years, did not have hyper-
tension or diabetes, and was not taking medications that interfere
with eating and breast feeding or affect body weight; and if the
child was <5 years old, was born at term (gestational age between
37-42 weeks), and had no chronic medical conditions, inborn er-
rors of metabolism, or physical malformations that interfere with
feeding patterns and body composition. Of the 1194 eligible
mother-child dyads, 1029 dyads participated in the ELNAHL study
(response rate 86%). Dyads with a child <2 years old (n = 472,
45.9% of the dyads in the original ELNAHL study) were included in

the current analysis.
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Trained nutritionists conducted in-person interviews with moth-
ers and inquired about SES and maternal and child characteristics
including infant feeding practices. The nutritionists also collected
anthropometric measurements. Length was measured among chil-
dren <2 years old without clothes and diapers using an infantometer
(SECA 354) to the nearest 0.1 cm; weight was measured on an elec-
tronic paediatric scale (SECA 210) to the nearest 0.1 kg. Maternal
height was measured in light clothes without shoes using a portable
stadiometer (SECA 213) to the nearest 0.5 cm; weight was measured
using a scale (SECA 770) to the nearest 0.1 kg. All measurements
were taken twice and repeated a third time if the first two measure-
ments differed by more than 0.5 cm for height and 0.3 kg for weight.
The average of the measurements was calculated and used for the
analysis.

2.2 | Ethics approval

The study was approved by the Institutional Review Boards at the
American University of Beirut (NUT.LN.13) and Purdue University
(Protocol number: 1902021663). Mothers provided written in-

formed consent prior to study participation.

2.3 | Exposures

The exposure variables were classified according to the hierarchi-
cal conceptual framework (Figure 1) that was adapted from similar
studies.”? Distal factors included SES variables such as crowding
index, paternal and maternal education and employment. Crowding
index was defined as the average number of individuals per room,

Paternal

employment

Crowding
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excluding the kitchen and bathroom.?! Data on other variables such
as family income, house and car ownership, and presence of a paid
helper at home were collected; however, crowding index was cor-
related with SES in Lebanon and used as an objective indicator of
the family's SES.%! At the intermediate level, maternal characteris-
tics such as age, height, BMI, and smoking during pregnancy were
included. Only five mothers had a BMI < 18.5 kg/mz; therefore,
BMI categories of underweight and normal weight were grouped to-
gether. Child characteristics including birth order, mode of delivery,
birthweight and birth length, child's age, whether breast fed at the
time of the study, and breast-feeding duration were included at the
proximal level. Birthweight and birth length were abstracted from a
copy of the medical booklet unique for each child born in Lebanon
which the mother keeps at home.??

2.4 | Outcomes

The outcome variables were continuous values of length-for-age z-
scores (LAZ) and weight-for-length z-scores (WLZ). Z-scores were
calculated according to the WHO sex- and age-specific child growth
standards using the WHO AnthroPlus software.?

2.5 | Statistical analysis

Normal distributions of LAZ and WLZ were confirmed visually using
histograms and QQ plots. The associations of LAZ and WLZ with the
exposure variables by child's sex were examined using multiple linear
regression analysis. Sex interactions were evaluated for each of the
exposure variables with the outcomes of interest and underscored

DISTAL FACTORS

Maternal
education

Paternal
education

Maternal
employment

INTERMEDIATE FACTORS

Maternal body Maternal
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FIGURE 1 Hierarchical conceptual
framework of socio-economic, maternal,
and child characteristics influencing
nutritional status during the first

1000 days of life in Lebanon
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the need for sex-stratified models. Three regression models for LAZ
and WLZ were created, one for each level of the hierarchical concep-
tual framework in Figure 1. Potential confounders that were adjusted
forin the models were chosen based on the results of the unadjusted
analysis and on the literature.?*2° Adjusted Bs and 95% Cls for each
exposure variable were calculated at the level (distal, intermediate,
or proximal) at which they were initially entered, regardless of their
performance when variables from subsequent levels were added to
the model. Such an approach helped reduce attenuation of the asso-
ciation between the distal or intermediate factors and the outcome
variable when proximal factors were added.*® Further, this approach
helped protect against over adjustment of an intermediate factor on
the causal pathway between distal factors and the outcome of inter-
est as though it were a confounder.?®

Statistical assumptions were checked for each model.
Multicollinearity among exposure variables was checked using vari-
ance inflation factors (VIF). Normal distribution and homoscedastic-
ity of the residuals were checked using QQ plots and scatterplots,
respectively. All analyses were weighted by the sample weights to
account for the stratified two-stage cluster sampling design and
were conducted using Stata (StataCorp. 2019. Stata: Release 16.
Statistical Software. StataCorp LLC).

2.6 | Missing data

A total of six observations were missing sampling weights and three
were missing length measurements. Specific LAZ (n = 3) and WLZ
(n = 8) were biologically implausible according to the WHO defini-
tion and deleted.?®

3 | RESULTS

Among the sample of 466 children <2 years, 231 (49.6%) were boys.
LAZ and WLZ of boys and girls were approximately normally dis-
tributed. The weighted mean (standard deviation [SD]) for LAZ was
-0.3 (1.6) for boys and -0.1 (1.4) for girls, and for WLZ was 0.5 (1.5)
for boys and 0.5 (1.0) for girls (data not shown). Rates of stunting
and wasting among boys were 10.9% and 6.1%, respectively and
among girls were 7.9% and 3.1%, respectively. The prevalence of
overweight and obesity was 14.0% and 2.6% among boys and 5.1%
and 0.6% among girls, respectively (data not shown).

Table 1 presents the socio-economic, maternal, and child char-
acteristics of the sample of mother-child dyads in Lebanon by child's
sex. The majority of children lived in households with higher crowd-
ing index (>1 individual/room) and had fathers and mothers with
intermediate or high school education. Most of the children had
fathers who worked in the private sector or had a self-owned busi-
ness and mothers who were housewives. Mothers had a mean age
of 32 years and mean height of 159.7 cm with the majority being
overweight or obese and not smoking during pregnancy. The ma-

jority of the children were the second or later child and delivered

vaginally, and one-third were still breast feeding at the time of the
study. The children had a mean birthweight of 3.2 kg, mean birth
length of 50.2 cm, aged 11.6 months at the time of the study and
were breast fed for a mean duration of 5 months.

Table 2 presents the regression models of the sex-specific deter-
minants of LAZ. Among boys at the distal level, maternal interme-
diate or high school education compared to primary education was
associated with higher LAZ. At the intermediate and proximal levels,
no factors were associated with boys' LAZ in the adjusted models.
Among girls at the distal level, a crowding index <1 individual/room
compared to >1 individual/room was associated with higher LAZ. At
the intermediate level, after adjusting for crowding index, maternal
obesity was associated with lower LAZ. At the proximal level after
additional adjustment for maternal height and BMI, birth length was
positively associated with LAZ, while breast-feeding duration was
negatively associated with LAZ.

In the sex-specific models of WLZ in Table 2, paternal attainment
of university degree or technical diploma compared to primary or
lower education was associated with lower WLZ among boys. There
were no intermediate determinants of boys' WLZ. At the proximal
level after adjustment for paternal education and employment,
birthweight and child's age were positively associated with boys'
WLZ. Among girls, no distal or intermediate factors were associated
with WLZ. At the proximal level, being the third or later child was
associated with lower WLZ while child's age was positively associ-
ated WLZ.

4 | COMMENT
4.1 | Principal findings

The current study reports the determinants of LAZ and WLZ of
Lebanese children aged <2 years using sex-stratified linear regres-
sion analysis based on a hierarchical conceptual framework. Distal
socio-economic determinants of LAZ included maternal education
among boys and crowding index among girls, whereas those of WLZ
included paternal education among boys. Intermediate maternal de-
terminants of LAZ included maternal BMI among girls. Among the
proximal child determinants, birth length and breast-feeding dura-
tion were associated with girls' LAZ. Birthweight was associated
with boys' WLZ while birth order was associated with girls’ WLZ, and
child's age was a proximal determinant of WLZ among both sexes.

4.2 | Strengths of the study

Our study has a number of strengths. First, the data were de-
rived from a nationally representative sample of mother-child
dyads in Lebanon. Second, our results fill a gap in the literature
on the determinants of nutritional status and growth during the
first 1000 days of life in a country of the EMR. Third, we exam-

ine the determinants of linear growth and weight as continuous
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TABLE 1 Socio-economic, maternal, and child characteristics of the sample of mother-child (<2 y) dyads by child's sex in Lebanon

Total (n = 466) Boys (n = 231) Girls (n = 235)
Variables?® n (%) or mean (SD)° n (%) or mean (SD)® n (%) or mean (SD)?
Distal socio-economic characteristics
Crowding index (individual/ room)
>1 300 (67.6) 151 (69.4) 149 (65.6)
<1 166 (32.4) 80(30.6) 86 (34.4)
Paternal education
Primary or lower 82(20.2) 48 (22.3) 34 (17.9)
Intermediate or high school 258 (53.2) 115 (45.5) 143 (61.7)
University degree or technical diploma 121 (26.6) 66(32.2) 55(20.4)
Paternal employment
Government 116 (23.3) 54 (20.7) 62 (26.1)
Private sector 168 (39.9) 84 (40.8) 84 (38.9)
Self-owned business 162 (36.9) 82 (38.6) 80 (35.0)
Maternal education
Primary or lower 43(11.3) 22 (10.1) 21 (12.6)
Intermediate or high school 254 (55.9) 118 (53.3) 136 (58.8)
University degree or technical diploma 169 (32.8) 91 (36.6) 78 (28.6)
Maternal employment
Housewife 372(84.3) 183(85.1) 189 (83.3)
Employed 94 (15.7) 48 (14.9) 46(16.7)
Intermediate maternal characteristics
Maternal age (y)° 30.2(6.3) 30.0(5.8) 30.4 (6.7)
Maternal height (cm)© 159.7 (5.9) 159.9 (5.8) 159.4 (5.9)
Maternal BMI
Normal 187 (41.2) 95 (35.8) 92 (47.4)
Overweight 140 (34.5) 69 (37.0) 71(31.7)
Obese 108 (24.3) 54 (27.3) 54 (20.9)
Smoking during pregnancy
No 387 (87.6) 192 (88.0) 195 (87.3)
Yes 71(12.4) 34(12.0) 37 (12.7)
Proximal child characteristics
Birth order
Only or 1st child 180(33.1) 89 (33.1) 91(33.1)
2nd child 115 (22.8) 58 (21.4) 57 (24.2)
3rd or later child 171 (44.2) 84 (45.5) 87 (42.7)
Delivery mode
Vaginal 251 (59.5) 119 (60.8) 132 (58.1)
Caesarean section 212 (40 5) 111 (39. 2) 101 (41.9)
Birthweight (kg)© 2 (0. 3(0.4 3.1(0.5)
Birth length (cm)© 50.2 (2. ) 50.4 (2.7) 50.0(2.8)
Child's age (mo)© 11.6(7.0) 11.0(7.4) 12.3(6.4)
Still breast feeding
No 320 (67.1) 160 (68.9) 160 (65.0)
Yes 146 (32.9) 71(31.1) 75 (35.0)
Breast-feeding duration (mo)® 5.0(5.2) 4.3(4.9) 5.8 (5.5)

Abbreviations: BMI, body mass index; SD, standard deviation.
aData reported as n (%) unless otherwise stated.
Pn is computed using unweighted data while % and mean (SD) are computed using weighted data.

‘Data reported as mean (SD).
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variables rather than those of stunting, wasting, and/or over-
weight and obesity. Although the latter is important, Lebanon as
a middle-income country has lower rates of undernutrition than
lower-income countries of the EMR and therefore fewer observa-
tions for comparison with the normal. Further international child
growth standards use the cut-off of LAZ < 2 SD below the median
for stunting, which might misclassify children with LAZ close to -2
SD as normal rather than stunted. Finally, the approach of hierar-
chical modelling offers insights into the multi-level determinants
of nutritional status and helps avoid underestimating the effects

of distal determinants.

4.3 | Limitations of the data

The results of this study should be interpreted with certain limita-
tions. Our cross-sectional design describes associations and point
prevalence estimates, not temporal or causal relations. Conducting
prospective longitudinal studies of pregnant women through their
delivery and children's early years would reduce variability from a
one point in time estimate and improve the understanding of how
environmental and lifestyle factors exert their effects on growth.
Follow-up studies can examine whether the sex-specific differences
in the distributions of LAZ and WLZ remain over time and investi-
gate the effect of such differences on health later in life. Another
limitation is that maternal weight and height, and hence BMI, were
measured at the time of study not before or during pregnancy.
Additionally, mothers reported infant feeding practices including
breast-feeding duration of their children, with potential for recall
bias. Nevertheless, data on infant feeding collected retrospectively
by maternal recall of events that took place <18 months ago have
shown to be accurate.?’

4.4 | Interpretation

Most prior research on the nutritional status of children has been
conducted among children <5 years and did not stratify by the child's
sex. Further, prior research focused on the determinants of stunting,
wasting, and/or overweight and obesity rather than linear growth
and weight as continuous variables. Therefore, few studies among
children <2 years and stratified by child's sex were available for
comparison.

In the current analysis, boys had lower mean LAZ than girls, but
there were no sex differences in mean WLZ. Other studies among
children in the EMR showed that mean length of boys <2 years old
in Iran was higher than that of girls,?® while mean length of boys and
girls in Qatar did not differ.??

At the distal level, SES characteristics including higher ma-
ternal education and lower crowding index were associated with
higher LAZ, while higher paternal education was associated with
lower WLZ. In a pooled analysis across 39 low- and middle-income

countries, secondary or higher maternal and paternal education,

compared to primary education, were independently associated
with higher height-for-age z-scores among 36-59-month-old chil-
dren, with the associations being stronger for maternal than pa-
ternal education.®° In Lebanon, household crowding was inversely
associated with the family's SES as defined by education and em-
ployment status of the parents.21 Similarly in our study, crowding
index was inversely associated with maternal and paternal edu-
cation (data not shown). A number of studies using similar hier-
archical analysis among 10-15 month old children in the Brazilian
Amazon’ and of 6-23 month old children in Ethiopia® noted that
lower household SES was associated with poorer linear growth.
As for WLZ, a study examining the risk factors of overweight and
obesity among Portuguese children reported that paternal sec-
ondary school and university education, compared to primary
school education, were associated with decreased odds of child-
hood obesity.3!

At the intermediate level, maternal obesity was associated with
lower LAZ. Maternal overweight and obesity were prevalent at
34.5% and 24.3% in our study, respectively. Interventions focused
on improving maternal nutritional status and combating overweight
and obesity are crucial given their health benefits not only for
women, but also for their children and the next generation.32

At the proximal level, birth length was positively associated with
LAZ and birthweight and child's age were positively associated with
WLZ. On the other hand, being a third or later child was associated
with lower WLZ. In a pooled analysis of 28 twin cohorts in 17 coun-
tries, birthweight and birth length were positively associated with
length at 1 and 2 years of age.® Further, birthweight was positively
associated with BMI-for-age z-score within the first year of life the
aforementioned Brazilian child study.7

Longer breast-feeding duration was among the proximal factors
associated with lower LAZ. This inverse association has been pre-
viously reported in low- not middle-income countries like Lebanon,
but results have been inconsistent with some studies reporting pos-
itive or null associations.?*3 Also, the potential for reverse causal-
ity where the child's nutritional status dictates whether the mother
continues to breast feed should be considered.®® Given the well-es-
tablished benefits of breast feeding for the mother and child, the
current WHO recommendation of exclusive breast feeding for the
first 6 months with continued breast feeding for 2 years of age or
beyond should be encouraged.®” However, similar to other studies in

Lebanon,384°

we report suboptimal breast-feeding practices where
less than a third of the children were breast fed at the time of the

study and the mean breast-feeding duration was 5.1 months.

5 | CONCLUSIONS

Our study reveals sex-specific distal, intermediate, and proximal
factors associated with nutritional status in Lebanese children aged
<2 years. There is a dire need for studies of nutritional status and
growth among infants and children in Lebanon and in the EMR given
that the first 1000 days of life are a window of opportunity with
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long-term effects on health of individuals. Future research should

address sex differences in the determinants of child growth using

similar hierarchical frameworks. Results from such research will help

inform culture-specific interventions and policies to improve child

growth and health later in life.
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