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Abstract

Background: Socioeconomic disadvantage is associated with shorter adult stature. Few studies have examined
socioeconomic differences in stature from birth to childhood and the mechanisms involved, particularly in
middle-income former Soviet settings.

Methods: The sample included 12,463 Belarusian children (73% of the original cohort) born in 1996-1997, with
up to 14 stature measurements from birth to 7 years. Linear spline multi-level models with 3 knots at 3, 12 and 34
months were used to analyse birth length and growth velocity during four age-periods by parental educational
achievement (up to secondary school, advanced secondary/partial university, completed university) and
occupation (manual, non-manual).

Results: Girls born to the most (versus least) educated mothers were 043 cm (95% confidence interval (Cl): 0.28,
0.58) longer at birth; for boys, the corresponding difference was 0.30 cm (95% Cl: 0.15, 0.46). Similarly, children of
the most educated mothers grew faster from birth-3 months and 12-34 months (p-values for trend <0.08), such
that, by age 7 years, girls with the most (versus least) educated mothers were 1.92 cm (95% ClI: 1.47, 2.36) taller; after
controlling for urban/rural and East/West area of residence, this difference remained at 1.86 cm (95% Cl: 1.42, 2.31),
but after additionally controlling for mid-parental height, attenuated to 1.10 cm (95% Cl: 0.69, 1.52). Among boys,
these differences were 1.95 cm (95% Cl: 1.53, 2.37), 1.89 cm (95% Cl: 147, 2.31) and 1.16 cm (95% Cl: 0.77, 1.55),
respectively. Additionally controlling for breastfeeding, maternal smoking and older siblings did not substantively
alter these findings. There was no evidence that the association of maternal educational attainment with growth
differed in girls compared to boys (p for interaction = 0.45). Results were similar for those born to the most
(versus least) educated fathers, or who had a parent with a non-manual (versus manual) occupation.

Conclusions: In Belarus, a middle-income former Soviet country, socioeconomic differences in offspring growth
commence in the pre-natal period and generate up to approximately 2 cm difference in height at age 7 years.
These associations are partly explained by genetic or other factors influencing parental stature.
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Background

Adult attained height reflects fetal, infant and childhood
growth and hence the influence of in utero and postpar-
tum environment and genes [1,2]. Height is an important
marker of health, because shorter people have higher car-
diovascular disease risk [3,4] and higher overall mortality
[5], albeit a lower risk of developing some cancers [4-6].
Socioeconomic differences in length and/or height (ab-
breviated to length/height) have been demonstrated at all
ages and in various settings [7-14], with socioeconomic
disadvantage associated with shorter stature.

In high-income populations, some cross-sectional stud-
ies have found that socioeconomic differences in height
have narrowed over the generations [15], whilst others
report their persistence [16]. Socioeconomic height differ-
ences have also recently been reported in contemporary
low- and middle-income populations [17,18]. Better living
conditions in high-income countries may lead to improve-
ments in childhood health, environment and social condi-
tions [15] and may reduce adverse environmental effects,
allowing genetic potential to be reached and a reduction
in socioeconomic differences. Factors such as improved
infant-feeding [19], reductions in maternal smoking [20,21]
and overcrowding [19] or other environmental features
may affect children’s stature. Such factors are important to
examine in relation to growth because they are potentially
modifiable and their distribution may change across socio-
economic groups over time. In contrast, parental height
reflects both environmental and genetic influences [22] on
growth but is not immediately modifiable.

Few studies have examined the development of socio-
economic differences in length/height from birth through
infancy to childhood using repeated measures of stature;
of those that have, most have been set in high-income
countries [23-26], with fewer in low- or middle-income
countries, such as Brazil [18,27] or former Soviet coun-
tries, such as Russia [28]. It is important to understand
not only the magnitude and timing of the emergence of
socioeconomic differences in length/height (as these may
clarify important growth periods when public health inter-
ventions aimed at reducing these differences, and hence
inequalities in later health outcomes, might be targeted),
but also the mechanisms involved (which may suggest
modifiable factors suitable for intervention). By examining
socioeconomic differences in childhood growth and the
factors that affect growth in a middle-income former
Soviet country, we aimed to understand whether the find-
ings are specific to this context or share similarities with
those in other settings.

Belarus is a middle-income [29], former Soviet repub-
lic, with features in common with high-income countries
such as high adult literacy and low child mortality rates
but, in contrast to many high-income countries, low
income inequality [30] and high adult mortality rates,
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particularly from cardiovascular disease [31]. We have
previously reported that Belarusian children of the most
educated parents or non-manual households were taller at
age 6.5 years than those of the least educated parents or
manual households [17]. Here, we extend our earlier ana-
lysis to model individual length/height trajectories from
birth to 7 years by maternal and paternal educational
achievement, and parental occupation, in over 12,000 chil-
dren. We examine when socioeconomic differences in
length/height emerge, whether they change with age, and
the effect of controlling for prolonged and exclusive
breastfeeding, maternal smoking, the number of older
siblings and mid-parental height to shed light on potential
mechanisms generating socioeconomic differences in
birth size and postnatal stature.

Methods

Study design and participants

The study cohort is based on 17,046 children and their
mothers who were originally recruited during their post-
partum hospital stay into the Promotion of Breastfeeding
Intervention Trial (PROBIT) [32] in Belarus in 1996-1997.
Briefly, 31 maternity hospitals and one each of their affili-
ated polyclinics (outpatient clinics for routine health care)
were randomly assigned, within strata of urban/rural
and East/West geographical location, to participate in a
breastfeeding promotion intervention or to continue
with prevailing practices. Inclusion criteria specified
that the mothers were healthy and initiated breastfeeding,
and that the infants at birth were full-term (=37 weeks
gestation) healthy singletons, weighed at least 2,500 g at
birth and had a 5-minute Apgar score >5. Study staff esti-
mated that only 1-2% of eligible women declined partici-
pation in the trial [33].

Follow-up from birth to 12 months of age

During the postpartum stay, the number of other chil-
dren living together in the household, parental education
and occupation and maternal smoking during pregnancy
were reported by the mother, and infant birth length was
abstracted from medical records [34]. The number of
other children in the household was categorized as 0, 1
and 2 or more and used as a proxy for older siblings and
overcrowding. Educational status was recoded from
seven to three categories: initial or incomplete or common
secondary; advanced secondary or partial university; and
completed university, with ‘unknown’ coded as missing.
Each parent’s occupation was classified as manual or non-
manual and the highest household occupation determined
[17]. Mother’s current smoking status and infant length
was recorded by study paediatricians on scheduled study
visits when the infant was aged 1, 2, 3, 6, 9 and 12 months;
home visits were made when polyclinic visits were missed
[34]. As differences in length/height gain were not major
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hypotheses of PROBIT, no attempt was made to standard-
ise the measurement of length in infancy.

Follow-up between 12 months to 6.5 years

In 2002-2005, at the age of 6.5 years (interquartile range
(IQR): 6.5-6.7, range: 5.6-8.5 years), 13,889 children (81%
of those randomized) were examined at a research visit by
one of 38 polyclinic paediatricians who received special
training in anthropometry. Standing height was measured
twice by a standardised protocol, using a stadiometre with
a movable headboard (Medtechnika, Pinsk, Belarus) and
the average of the two measurements used [35]. An audit
of the height measures for 190 children at 5.3-32.6 months
(mean 17.7 months) after the initial 6.5-year research
examination, showed a test-retest correlation of 0.84. The
study paediatricians also retrospectively abstracted height
data from the medical records of each child, as height was
routinely measured and documented at check-ups be-
tween 12 months and 6.5 years. Of 12,463 children with
complete data, 10,389 children had 39,205 measurements
(median, 5; IQR, 4-5; range, 1-6) abstracted from medical
records between the 12-month and 6.5-year examinations.
The observed length/height measurements were conver-
ted to age- and sex-adjusted z-scores according to World
Health Organization (WHO) Child Growth Standards 2006,
using the STATA command zanthro [36].

Parental height was obtained by interview with the
parent who accompanied the child at the 6.5-year
follow-up visit. Any parental height that was implausible
(greater than +/- 4 standard deviations (SD) from the
parent-specific mean) was recoded to “missing”. Mid-
parental height was calculated as the average of the two
parents’” heights. Maternal current smoking status was also
recorded at the 6.5-year follow-up. All occasions when ma-
ternal smoking was recorded (i.e. during pregnancy, at
clinic visits during the first-year of follow-up and at 6.5 year
follow-up) were recoded to yes/no from the number of
cigarettes smoked per day and combined to create a lon-
gitudinal measure of ‘maternal smoking’ categorised as
unknown, ever or never.

Ethics

PROBIT was approved by the Belarusian Ministry of
Health and received ethical approval from the institutional
review board of the Montreal Children’s Hospital for both
the original PROBIT trial and the 6.5-year follow-up.
The participating parent/guardian signed consent forms
in Russian at each phase.

Statistical methods

Summarizing individual length/height gain trajectories

We chose the maximum age of 7 years (84 months) as
our upper age cut-off, as this was the oldest age with
sufficient data to describe the growth trajectory. Length/
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height growth velocity was predicted for each child by a
linear spline multilevel model with 3 knots at 3, 12 and
34 months, the knots were chosen that best fitted the
data. Full details of the model selection process have
been published elsewhere [37,38]. The knot points gen-
erated four splines, estimating different length/height
growth rates between 0—3 months, 3—12 months, 12-34
months and 34—84 months; designated as ‘early infancy,
‘late infancy’, ‘early childhood’ and ‘late childhood’, re-
spectively. The model assumes piecewise linear growth
and is therefore a simplification of the underlying growth
process. Although a linear spline model is an approxi-
mation of the true growth function; its coefficients are
easily interpretable and have been shown to produce good
model fit in this and several other cohorts [18,23,37-40].
Furthermore, analyses in four other cohorts in different
settings have resulted in similar knot points, providing
some face validity that the growth periods identified repre-
sent meaningful distinct periods of growth that are similar
across children from different ethnic and socioeconomic
backgrounds [18,23,37-40]. Individual- and occasion-level
residuals were approximately normally distributed. Our
approach assumes that residuals are uncorrelated and that
any missing outcome data are missing at random. How-
ever, even if the autocorrelation assumption is violated,
the fixed effects, which we report, are likely to be unbiased
[41]. The advantage of this method of growth modelling is
that the model allows for the change in scale and variance
of length/height over time; each child is included in the
analysis; all measurements are included, regardless of
when the measurements were taken (however irregularly
spaced); and the actual age at measurement is taken into
account. The multilevel model was fitted for three levels:
i) the measurement occasion; ii) the individual child; and
iii) hospital/polyclinic site where the child was examined.

The growth trajectories were modelled for all children
with at least two measures of length/height (N =16,861)
and then modelled restricted to those with complete
data on all covariables (N =12,463). As findings did not
differ substantively between these two datasets, we present
results for those with complete data only.

Crude and multiple analysis of growth

The coefficients from the models were used to predict
length/height measurements at various ages by socioeco-
nomic position and to calculate the absolute difference
between extreme categories of socioeconomic position
(See Additional file 1: supplementary information). To
allow comparison of length/height differences in Belarus
with an international growth standard, we report the
absolute difference in terms of standard deviations of
the WHO Child Growth Standards [42], calculated by
dividing the absolute difference (cm) by the standard
deviation (cm) of the WHO reference length/height
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measurement of the same age and sex. As length/height
variance widens with age, reporting findings as standard
deviations also allows a comparison of the differences on
the same relative scale.

Three multivariable multilevel models were fitted for
growth trajectories by categories of socioeconomic pos-
ition. Model 1 adjusted for urban/rural and East/West
location as these geographical variables were used to
stratify the original randomization and may confound
the associations examined. Model 2 additionally adjusted
for mid-parental height, a proxy for genetic and environ-
mental factors that influenced the parents’ own growth
[14,19-21,43-45], while model 3 also adjusted for trial in-
tervention arm (as an unbiased measure of prolonged and
exclusive breastfeeding), maternal smoking, and number
of older siblings (because previous studies have shown
these factors [19-21,46-48] to be associated with both sta-
tural growth and socioeconomic position [49,50]). These
latter factors could be conceptualized as mediators, as
poorer socioeconomic circumstances are associated with
reduced breastfeeding [51], increased maternal smoking
both pre- and postnatally [49,50] and larger family size
[19]. In addition, breastfeeding is associated with rapid
linear growth in the first 3 months of life and less rapid
growth to 12 months [48]. Maternal smoking, particularly
during pregnancy, [20] is associated with shorter offspring
stature. Ovecrowding or having older siblings may also
increase the frequency of childhood infection [19], lead to
a sharing of resources (both material and psychosocial
[47]) and affect the childhood environment and condi-
tions, all of which may impact growth adversely.

We included trial randomisation arm as the best
assessment of the mediating effect of breastfeeding on
child length/height [48]. The proportion of women who
were exclusively breastfeeding was seven-fold higher in
the intervention arm at 3 months compared to the con-
trol arm (43.3 vs. 6.4%) and more than 12-fold higher at
6 months (7.9 vs. 0.6%) [34]. To separate the effects of
each parents height on socioeconomic differences in
growth, we also replaced mid-parental height in the final
model with either maternal or paternal height.

We found strong statistical evidence of a difference in
the growth trajectory between girls and boys (p < 0.001),
hence we present results for girls and boys separately.
However, there was no evidence that the association
between maternal education and the length/height
growth trajectory differed in girls compared to boys
(p for sex-interaction =0.45). We tested the assumption
of a linear relationship between categories of the socioe-
conomic exposures and length/height trajectory using
likelihood ratio tests based on the fully adjusted models.
As evidence against the assumption of linearity was weak
(p=0.13 for girls and p = 0.09 for boys) we present linear
models. Because of the large quantity of data, and patterns
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that were similar across socioeconomic groups, we present
the results for maternal education in detail and provide
the results for paternal education and highest household
occupation as supplementary Web Tables. Analyses
were conducted in STATA version 13.1 (Stata Corporation,
Texas) and using the runmlwin command [52] in MLwiN
(Version 2.30) [53].

Results

Table 1 compares the 16,861 children with at least two
measures of length/height to those 12,463 with complete
data and reveals little difference in the proportions of
each covariable between the two data sets. Those with
missing data were more likely among children of mothers
with no more than a secondary school education com-
pared to those of mothers educated to advanced second-
ary, partial university or completed university. Those with
incomplete data were slightly shorter and lighter at birth
and were more likely to come from urban or Eastern
areas, be in the breastfeeding promotion (intervention)
arm of the trial and be first born.

Our study sample consisted of 12,463 individuals (73%
of the original cohort) with complete data on all covari-
ables, with 133,934 measurements (median, 12; IQR,
10-13; range, 3-14). Figure 1 shows the scatterplot of
length/height measurements by child’s age; each black dot
represents a single data point. Additional file 1: Table S1
shows the observed lengths/heights in cm and in WHO
length/height-for-age z-score, by category of maternal
education. For girls aged between 6.8 and 7 years, those of
the least educated mothers had a mean z-score of 0.22
(SD: 0.94), while for girls of the most educated mothers,
the mean z-score was 0.61 (SD: 0.93); for boys the respect-
ive z-scores were 0.08 (SD: 0.90) and 0.64 (SD: 1.00). Pre-
dicted offspring lengths/heights per category of maternal
education and age are shown in Table 2. A linear relation-
ship across the three maternal education categories is
apparent for birth length and length/height at all ages, for
both girls and boys. The absolute difference in birth length
between infants in the highest versus the lowest category
of maternal education was 0.43 ¢cm (95% CI: 0.28, 0.58) for
girls and 0.30 cm (95% CIL: 0.15, 0.46) for boys. Absolute
differences in length/height between the highest versus
the lowest category of maternal education increased with
age, such that by age 7 years, the absolute difference was
192 cm (95% CI: 1.47, 2.36) among girls and 1.95 cm
(95% CI: 1.53, 2.37) among boys. Table 2 also shows the
absolute differences in length/height by maternal edu-
cation in terms of standard deviations of WHO length/
height-for-age reference; at age 7 years, this is equivalent
to 0.35SD (95% CI: 0.27, 0.43) among girls and 0.37 SD
(95% CI: 0.29, 0.45) among boys. The absolute SD differ-
ences in length/height between the highest versus the low-
est education categories showed some widening with age.



Table 1 Characteristics of 16,861 children with at least two length/height measurements and 12,463 with complete data on all covariables

Girls Boys
All available girls Those with complete Those with P for diff' All available Those with complete Those with incomplete P for diff’
data incomplete data boys data data
N 8,139 6,010 2,129 8,722 6,453 2,269
n Mean SD? n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD
Birth length, cm 8139 516 20 6010 517 21 2129 514 20 <0001 8722 523 22 6453 523 22 2269 521 22 <0001
Birth weight, kg 8139 34 04 6010 34 04 2129 33 04 <0.001 8,722 35 04 6453 35 04 2,269 35 04 0.004
Mid-parental height3 6,010 1702 49 6,010 1702 49 0 - - - 6453 1702 49 6453 1702 49 0 - - -
n % n % n % n % n % n %
Maternal education
Initial/incomplete/common 2943 36 2075 35 868 41 <0.001 3,143 36 2252 35 891 39 0.001
secondary
Advanced secondary/partial 4,085 50 3,099 52 986 46 4395 50 3321 51 1,074 47
university
Completed university 1111 14 836 14 275 13 1184 14 880 14 304 13
Urban residence (versus rural) 4,715 58 3,287 55 1428 67 <0.001 5172 59 3567 55 1,605 71 <0.001
Residence in West Belarus (versus East) 4,135 51 3148 52 987 46 <0.001 4,503 52 3483 54 1,020 45 <0.001
In breastfeeding promotion arm 4236 52 3,023 50 1,213 57 <0.001 4517 52 3,219 50 1,298 57 <0.001
Maternal smoking
Unknown 1,682 21 239 4 1443 68 <0.001 1,807 21 277 4 1,530 67 <0.001
Ever 1,017 13 750 12 267 13 1,089 12 788 12 301 13
Never 5440 67 5021 84 419 20 5826 67 5388 84 438 19
Older siblings*
None 4,694 58 3,307 55 1,387 65 <0.001 5059 58 3582 56 1477 65 <0.001
1 2,761 34 2,187 36 574 27 2912 33 2311 36 601 27
2 or more 684 8 516 9 168 8 750 9 560 9 190 8

"p for difference between those with complete data to those with incomplete data, for those with incomplete data any data available is compared (ttest and chi squared test).

25D = standard deviation.

32,129 girls and 2,269 boys had missing information on mid-parental height recorded when the child was aged 6.5 years.

“1 boy had missing information on older siblings recorded at child’s birth.
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Figure 2 illustrates the absolute difference in length/height
in cm, with 95% confidence interval, between the highest
and lowest categories of maternal education for girls and
boys.

Table 3 shows the change in length/height rate per
category of mother’s education during early infancy
(birth to 3 months) was 0.31 cm/year (95% CI: —0.03,
0.65; p for trend = 0.08) for girls and 0.83 cm/year (95%
CIL: 048, 1.17; p for trend < 0.001) for boys. However, in
late infancy (3—12 months) and late childhood (34-84
months) we found only weak evidence that growth rates
varied between categories of maternal education for both
girls and boys (all p-values for trend >0.25). In early
childhood (12-34 months) we found strong evidence
that growth rates were higher per category of mother’s
education: for girls by 0.31 cm/year (95% CI: 0.18, 0.43;
p for trend < 0.001); and for boys by 0.23 cm/year (95%
CI: 0.11, 0.35; p for trend <0.001).

Controlling for urban/rural and East/West area of resi-
dence attenuated the association of maternal education
with growth between birth and 3 months (model 1). Add-
itionally controlling for mid-parental height (model 2),
attenuated associations of birth length and length/height
velocity with maternal education for all growth periods,
amongst both girls and boys. However, further controlling
for prolonged and exclusive breastfeeding, maternal smok-
ing and the number of older siblings (model 3) made little
difference to the results. The models were used to calcu-
late the absolute height difference between the highest
versus lowest categories of maternal education at age
7 years. For the unadjusted model, the absolute difference
in height at 7 years was 1.92 cm (95% CI: 1.47, 2.36) taller
among girls and 1.95 cm (95% CI: 1.53, 2.37) among boys;

after controlling for urban/rural and East/West area of
residence (model 1), this difference remained at 1.86 cm
(95% CI: 142, 2.31) among girls and 1.89 ¢cm (95% CIL:
1.47, 2.31) among boys. Height differences at age 7 years
attenuated by 40% after controlling for mid-parental
height; the difference was 1.10 cm (95% CI: 0.69, 1.52)
among girls and 1.16 cm (95% CI: 0.77, 1.55) among boys
(model 2). On adjustment for prolonged and exclusive
breastfeeding, maternal smoking and the number of older
siblings (model 3), the difference remained [1.11 cm (95%
CIL 0.69, 1.53) among girls and 1.08 cm (95% CI: 0.68,
1.47) among boys]; the fully adjusted differences in terms
of WHO height-for-age standard deviations among girls
was attenuated to 0.20 SD (95% CI: 0.13, 0.28) and to 0.20
SD (95% CI: 0.13, 0.28) among boys. However, even in the
fully adjusted model, differences in growth between cat-
egories of maternal education persisted for birth length
and growth in early childhood. Adjusting for mother’s
height did not result in greater attenuation of the as-
sociation of mother’s education with child’s growth
trajectory compared to adjusting for father’s height (re-
sults not shown).

Findings for categories of paternal education (Additional
file 1: Table S2) and highest household occupation
(Additional file 1: Table S3) were similar to those for
maternal education. Generally, among girls and boys,
growth per category of paternal education or household
occupation showed evidence of a difference in length/
height growth rates in the unadjusted models at 0-3 and
12-34 months. The fully-adjusted models were used to
calculate the absolute difference in height between the
highest versus lowest categories of paternal education and
non-manual versus manual household occupation at age
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Table 2 Crude model of predicted length/height by category of maternal education, N = 12,463

Mean predicted length/height by category of maternal education, cm

Completed university compared to initial/

(95% confidence interval, Cl)

incomplete/common secondary

Age Initial, incomplete Advanced Completed Absolute difference  Difference in length
or common secondary or university in length or height,  or height, in WHO [42]
secondary partial university cm (95% Cl) standard deviations

Girls,

N=6,010 2,075 3,099 836

Birth 51.30 (51.12,51.48) 5152 (51.35, 51.68) 51.73 (51.54, 51.92) 043 (0.28, 0.58) 0.23 (0.15,0.31)

3 months  60.22 (60.04, 60.40) 60.51 (60.34, 60.68) 60.81 (60.61, 61.00) 0.59 (042, 0.76) 0.28 (0.20, 0.36)

6 months 6542 (65.24, 65.59) 65.73 (65.56, 65.89) 66.04 (65.84, 66.23) 062 (0.46, 0.78) 0.27 (0.20, 0.34)

9 months 7061 (7043, 70.79) 70.94 (70.77,71.11) 71.27 (71.07, 71.46) 0.65 (048, 0.83) 0.27 (0.20, 0.34)

1 year 75.81 (7561, 76.00) 76.15 (75.98, 76.33) 76.50 (76.28, 76.71) 0.69 (0.48, 0.90) 0.27 (0.19, 0.35)

2 years 8541 (85.19, 85.64) 86.06 (85.87, 86.25) 86.71 (8645, 86.98) 130 (1.00, 1.61) 040 (031, 0.50)

3 years 94.56 (94.27, 94.86) 9547 (95.24, 95.70) 96.38 (96.02, 96.73) 1.82 (1.35, 2.28) 048 (0.35, 0.60)

4 years 10161 (101.35,101.88) 10253 (10232, 102.74) 0345 (10314, 103.77)  1.84 (1.44, 2.24) 043 (033, 0.52)

5 years 10866  (10841,10891) 10960  (109.39,109.80) 11053  (110.23,110.83)  1.87(1.50,2.23) 0.39 (0.32, 047)

6 years 11571 (11546, 11597) 11666  (11645,11687) 11761 (11730, 11791)  1.89 (151, 2.28) 0.37 (0.29, 0.44)

6.5 years 11924 (11897,11950) 12019 (11998, 12040) 12114 (12082, 121.47)  1.91 (1.50, 2.31) 036 (0.28, 0.44)

7 years 12276 (12248,123.04) 12372 (12350,12394) 12468  (124.34,125.03) 192 (147, 2.36) 0.35 (0.27, 043)

Boys,

N=6,453 2,252 3,321 880

Birth 52.00 (51.83,52.17) 5215 (51.99, 52.31) 52.30 (52.12, 52.48) 0.30 (0.15, 0.46) 0.16 (0.08, 0.24)

3 months 6141 (61.24, 61.59) 61.77 (61.61,61.93) 6213 (61.94, 62.32) 0.72 (0.54, 0.89) 0.35 (0.26, 0.44)

6 months 6658 (6641, 66.75) 66.96 (66.80, 67.12) 67.34 (67.15,67.52) 0.76 (0.60, 0.92) 035 (0.28, 0.43)

9 months  71.75 (71.58,71.92) 7215 (71.99, 72.31) 72.54 (7235, 72.73) 0.80 (062, 0.97) 035 (0.28, 0.43)

1 year 76.92 (76.73,77.10) 77.34 (77.17,77.50) 77.75 (77.55, 77.96) 0.84 (0.63, 1.05) 0.35 (0.26, 0.44)

2 years 8641 (86.20, 86.62) 87.06 (86.88, 87.24) 87.71 (87.46, 87.96) 1.30 (1.01, 1.59) 043 (0.33,0.52)

3 years 9544 (95.17, 95.72) 96.29 (96.08, 96.50) 97.14 (96.80, 97.48) 1.70 (1.25, 2.14) 046 (0.34, 0.58)

4 years 10233 (102.09, 10258)  103.21 (103.02, 10341) 10409  (103.80,10439)  1.76 (1.38, 2.14) 042 (0.33,051)

5 years 10922 (10899, 10946) 11014 (10995, 11033)  111.05 (11077, 111.33)  1.83 (148, 2.17) 039 (0.32,047)

6 years 116.11 (115.88,116.35)  117.06  (116.86, 117.25) 800  (117.71,11829)  1.89(1.53,2.25) 0.38 (0.31, 0.46)

6.5 years 11956 (119.31,11981) 12052  (120.32,120.72) 12148  (121.18,121.79) 192 (1.53,2.31) 0.38 (0.30, 0.45)

7 years 123.01 (122.74,12327) 12398  (123.77,124.19) 2496 (124.63,12528)  1.95(1.53,2.37) 0.37 (0.29, 0.45)

7 years; for girls, the height differences were 0.47 cm (95%
CL 0.06, 0.89) and 0.19 cm (95% CIL: -0.10, 0.47), re-
spectively; for boys, the differences were 0.15 cm (95%
CI: -0.23, 0.54) and 0.42 cm (95% CIL: 0.15, 0.69), respect-
ively. The difference in terms of WHO height-for-age
standard deviations among girls by paternal education was
0.09 SD (95% CI: 0.01, 0.16), and by highest household
occupation was 0.03 SD (95% CI: -0.02, 0.09); the corre-
sponding differences for boys were 0.03 SD (95% CI: —0.04,
0.10) and 0.08 SD (95% CI: 0.03, 0.13), respectively.

Discussion
Amongst over 12,000 healthy, term infants from the Re-
public of Belarus, a middle-income former Soviet country,

children born to the most educated parents were longer at
birth and grew faster in stature in early infancy and early
childhood than those born to the least educated parents,
with some widening of socioeconomic differences with
age. Findings were similar on comparing children from
households with non-manual occupations to those from
households with manual occupations. After adjusting for
confounders, controlling for mid-parental height moder-
ately attenuated these associations. However, controlling
for prolonged and exclusive breastfeeding, maternal smok-
ing and older siblings did not substantially alter the associ-
ations between maternal education and growth.

The parents of the PROBIT children were born under
the communist system, in which education (including
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universities) was universal and free. Our findings of a
positive relationship between parental education or
highest household occupation and length/height growth
are broadly consistent with some [18,23,26-28,54] but
not all [24] studies in various settings. Previous studies
have used different statistical methods [26-28,54] from
ours and/or alternative measures of socioeconomic pos-
ition [26,27]. Two recent papers have modelled growth
trajectories using the same methods as the present
study. One contemporary British cohort (Avon Longitu-
dinal Study of Parents and Children, ALSPAC) found
that birth length was shortest amongst children of the
least educated women, with a small widening of differ-
ences up to 10 years of age [23]. In Southern Brazil,
amongst infants born and followed for 4 years, maternal
education was similarly positively associated with birth
length and also positively associated with growth rates
[18]. Although these studies were set in countries with
different economies (the UK. is a high- and Brazil a
middle-income country), both observed that children
from the most educated mothers were longer at birth-as
we did in Belarus. In Brazil, children of the highest-
educated mothers grew faster than the children of the
lowest-educated mothers, with a widening of differences
with age: from 0.2 SD of birth length to 0.7 SD of height
at age 4 years. In Belarus, the difference between extreme
categories of maternal education was approximately 0.2
SD at birth and 0.4 SD at age 4 years (in WHO SD). Our
findings in Belarus are thus similar to those from Brazil,
but a greater widening of socioeconomic differences was
reported at age 4 years in Brazil.

Few studies have examined the effect of possible medi-
ators/confounders on the association of socioeconomic
position with birth length and rate of growth in children.
We observed an average 40% further reduction in socioeco-
nomic height differences after adjustment for mid-parental
height, beyond the reduction due to adjustment for
confounders. Using similar methods to our study and with
comparable findings, the Brazilian cohort also found that
adjusting for maternal height (rather than mid-parental
height) attenuated socioeconomic differences in birth
length and (as in our study) growth rates in early infancy
and early childhood [18]. Another study from the ALSPAC
cohort found the socioeconomic difference in offspring
height change was attenuated after controlling for mid-
parental height [54], whilst others have reported that add-
ing maternal and paternal height with other covariables
resulted in greater socioeconomic differences [24].

The mechanisms leading to socioeconomic differences
in growth require further research. The literature sug-
gests that maternal education may influence offspring
length/height trajectories through the educated mother’s
environment, income and behaviour, including the ability
to access and utilise health care information and services
during pregnancy and postnatally [55]. As described
above, we found mid-parental height explained some of
the socioeconomic differences in length/height trajector-
ies. The final attained height of each parent reflects a com-
plex combination of his or her accumulated inherited
genetic material and the fetal, infant and childhood envir-
onment in which they grew up [14]. In turn, these factors
may also play a part in the offspring’s growth trajectory
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Table 3 Crude & multiple analysis of mean growth rate per category of maternal education, N = 12,463

Per category of mother’s education change in length/height rate

Unadjusted model Model 1 Model 2 Model 3

TCoef 95% ClI Pfor  Coef 95% Cl Pfor Coef 95% Cl Pfor  Coef 95%Cl P for

trend trend trend trend

Girls N=6,010
Birth length, cm  0.22 (014,029 <0001 024 (017,032) <0001 020  (0.12,027) <0001 017  (0.10,0.25) <0.001
Growth, cm/year:
0-3 months 0.31 (=0.03,065) 0.08 0.11 (-0.23,044) 053 -0.03 (-037,031) 085 -0.04 (-038,0300 081
>3-12 months 0.07 (-0.07,020) 033 006  (-0.08,020) 039 0.01 (=0.13,0.14) 094 0.02 (=0.12,0.16) 079
>12-34 months ~ 0.31 (0.18,043) <0001 028 (0.15041) <0001 022 (010,035 0001 025  (0.12,0398) <0.001
>34-84 months 001 (-0.05,0.08) 0.71 0.03 (—-0.04,0.09) 045 -001 (-0.08,005 0.72 -002 (-0.09,005 056
Boys N=6,453
Birth length, cm  0.15 (007,023) <0001 019 (011,027) <0001 013  (0.06,021) 0001 0.11 (003,018 0.005
Growth, cm/year:
0-3 months 083 (048, 1.17) <0001 050 (0.16,0.84) 0.004 037 (0.03, 0.70) 0.03 0.38 (0.04,0.72) 0.03
>3-12 months 0.08 (-0.06,022) 025 008  (-006,022) 027 004  (=0.10,0.18) 057 004  (-0.11,018) 062
>12-34 months  0.23 (0.11,0.35) <0.001  0.21 (0.09, 0.33) 0.001 0.16 (0.04, 0.28) 0.01 0.17 (0.04,0.29) 0.008
>34-84 months ~ 0.03 (-0.03,0.100 033 004  (-002,011) 017 001 (-0.06, 0.07) 079 000  (-006,007) 099

Model 1: adjusted for urban or rural residence and East or West of Belarus.
Model 2: as Model 1 additionally adjusted for mid-parental height.

Model 3: as Model 2 additionally adjusted for study trial arm, maternal smoking (never, ever or unknown) and older siblings (none, 1 or >1).

'Coef = Coefficient.

with any genetic height potential only being reached if the
environment allows. Length/height differences widen from
birth to 3 months, but on adjustment for mid-parental
height, the differences were reduced substantially, suggest-
ing that parental height explains some of the differences
in growth rates during this period. Height differences also
widen notably between 1-3 years; while mid-parental
height explains some of the difference, other factors
related to socioeconomic position, such as family diet and
exposure to illness/infection, may influence offspring health
and hence height growth during this period. Our findings
suggest that public health interventions to improve socio-
economic conditions in early childhood, such as promoting
healthy diets, educating parents about improving uptake of
immunisations, preventing illness/infection and seeking
early medical care in case of illness might have a beneficial
impact on later height and health.

We are continuing to assess growth in this cohort as
the children progress through puberty and into adulthood
to determine the most important periods of growth asso-
ciated with adult attained height and mortality. Further
studies could also determine important modifiable factors,
which may suggest interventions applied at suitable ages,
aimed at reducing socioeconomic differences in height.
Our findings may not be generalizable to other settings,
for example, our height differences were fairly modest
compared to those seen in the Brazilian cohort [18], men-
tioned above. Further investigation of longitudinal cohorts

in other middle-income populations with similar or differ-
ent economic histories would add to our understanding of
socioeconomic differences in childhood growth.

The main strength of the study was our large sample
size with many measures of length/height over a long
period; a growth modelling strategy which utilized all of
the available data; analysis that was not restricted to
individuals with complete data at all time points or data
measured at exactly the same ages for all individuals; and
allowed for the change in size and variation of length/
height with age. One limitation of our study is that mea-
surements in infancy and childhood were based on
routine child health records (only measurements at the
6.5-year follow-up were standardised and audited), so as-
sociations may have been attenuated by measurement
error. We are unable to assess the reliability of the rou-
tinely-collected length/height measurements in Belarus.
We combined length and height measurements, even
though they are measured differently. Recumbent length
can be very difficult to measure accurately and tends to be
longer than standing height; the difference between these
two measurement methods in children aged 2—3 years can
be as much as 0.47 cm [56]. We were unable to control
for method of length/height measurement (whether re-
cumbent or standing) as this was not recorded; therefore
associations may be attenuated by this measurement
error. The difference between the 16,861 children with at
least two measures of length/height compared to those
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12,463 with complete data, showed that those with miss-
ing data were more likely to have less educated mothers
and more likely to be slightly shorter at birth. These dif-
ferences should not, however, affect the associations we
observed between socioeconomic status and growth tra-
jectories. We found adjustment for breastfeeding (by study
trial arm), maternal smoking and older siblings did not
alter the association between maternal education and
offspring growth substantively. This suggests that either
maternal education does not mediate its effect on off-
spring growth through these factors, or that by controlling
for a mediator we have induced another association (e.g.
induced confounding) which masks the effect of the
mediator.

Conclusion

In summary, despite low reported levels of income
inequality [30], socioeconomic differences in length/height
growth amongst children from Belarus were present at
birth and widened through early infancy and early child-
hood. These differences were partly explained by mid-
parental height, suggesting that factors influencing the
parents’ growth during their own childhood have a bearing
on these socioeconomic differences. Our findings suggest
that public health interventions aimed at improving socio-
economic conditions in early childhood might help reduce
socioeconomic differences in length/height in this setting.
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