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Abstract
Background: Evidence suggests lack of understanding of the association of specific nutrients with
different time points of linear growth trajectory.
Objective: We investigated the role of dietary macro- and micronutrients on length-for-age z (LAZ)
score trajectory of children across first 24 months of their life.
Methods: The MAL-ED Bangladesh birth cohort study recruited 265 healthy newborn children after
birth. The linear growth trajectory of those children was modeled using latent growth curve modeling
(LGCM) technique.
Results: Dietary magnesium intake at 9 to 11 months was positively associated (coefficient b ¼ 0.006,
P < .02) with LAZ at 12 months. Animal protein intake at 15 to 17months, in turn, was positively associated
(b¼ 0.03, P < .03) with LAZ at 18 months. However, vitamin D intake at 15 to 17 months was negatively
associated (b¼�0.06, P < .02)withLAZ at 18months. Othermicro- andmacronutrientsdid not show any
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statistically significant association with the linear growth trajectory. We also found that birth weight
(b¼ 0.91, P < .01), treating water (b¼ 0.35, P < 0.00), and maternal height (b¼ 3.4, P < .00) were positively
associated with intercept. Gender had a significant negative association with the intercept, but a positive
association with the slope (b¼�0.39, P < .01;b¼ 0.08, P < .04), respectively. Conversely, birth weight had
negative association with the slope (b ¼ �0.12, P < .01).
Conclusions: Dietary magnesium and animal protein were positively and vitamin D was negatively
associated with the linear growth trajectory. Maternal height, birth weight, gender, and treatment of
drinking water also played significant roles in directing the trajectory.

Keywords
macro- and micronutrients, linear growth trajectory, growth curve model, under 2 children,
Bangladesh

Background

Physical growth is the most reliable global indi-

cator of well-being and development in children.1

The World Health Assembly 2025 global targets

include multiple growth-related targets for stunt-

ing, wasting, and overweight during early and late

infancy.2 Stunting or linear growth faltering not

only results in mortality, morbidity, and impaired

cognitive development, but also results in poor

school attainment and chronic diseases in later

life.1 Globally, a total of 150.8 million children

are stunted.3 Although the rate of stunting is gra-

dually declining, at current pace it is anticipated

we would be able to alleviate only 44% of the

burden by 2030.3

Stunting or linear growth faltering starts during

the intrauterine period and can continue until 24

months of age and beyond.4 Maternal malnutri-

tion, frequent infections, and inadequate dietary

intakes are known to play crucial roles in deter-

mining the trajectory of linear growth of a child.5

Multiple studies have reported the role of dif-

ferent macro- and micronutrients on linear

growth trajectory. Inadequate complementary

feeding is an important contributor to poor

growth among 6 to 23-month-old children living

in developing countries.6 An analysis of data

from 2 large cohort studies has reported the

importance of dietary protein for ensuring ade-

quate growth of children.7 The MAL-ED study

found that lower percentage of energy derived

from dietary protein intake had strong association

with lower length-for-age.5 However, in addition

to poor energy intake, diets that are not ade-

quately diversified and poor in bioavailability of

micronutrients can equally hinder length gain.8

Zinc, an essential nutrient, is a component of

many enzymes that regulates cell growth and so

is important for the metabolism of growth.9 Zinc,

iron, and magnesium deficiencies contribute to

anorexia and therefore are important risk factors

for growth retardation as a result of reduced

intake of protein and energy.10

Adequate intake of dairy products can influ-

ence calcium balance and bone mineralization

and thus ensures proper bone growth, conse-

quently linear growth.11 Different population-

based intervention studies have also identified

strong associations between dietary vitamin A,

vitamin D intake, and growth.10,12 Zinc, iron, and

vitamin A deficiencies are also associated with

reduced immune function and increased risk of

morbidity which can also contribute to growth

impairment.13 Accordingly, micronutrient defi-

ciencies have both direct and indirect effects on

growth by increasing both the prevalence and

severity of disease and debility.

However, very few studies have measured the

association of dietary nutrients with different

time points of linear growth trajectory. To

address this gap we aimed to investigate the role

of macro- and micronutrients on linear growth

trajectory of children across the first 24 months

of age by applying latent growth curve models to

the MAL-ED birth cohort data.

We wanted to address how the intake of spe-

cific dietary macronutrients and micronutrients at
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different time points in this interval may affect

growth and so provide insight into the optimal

timing and dosage of supplementation to improve

growth. This analysis was partly based on the

underlying effect these macro- and micronutri-

ents may have on the biology of bone growth and

related processes. Proteins and micronutrients

such as zinc, potassium, magnesium, and vitamin

D have been reported to have an effect on growth

hormone and insulin-like growth factor 1 that are

key hormones involved in bone development and

growth at critical points in this period.

Methods

Setting

The MAL-ED (Etiology, Risk Factors, and Inter-

actions of Enteric Infections and Malnutrition and

the Consequences for Child Health) study is a

longitudinal birth cohort study which was con-

ducted in Bauniabadh slum of Mirpur, Dhaka,

Bangladesh.14 Following a well-defined protocol,

field workers visited households between Febru-

ary 2010 and February 2012 and enrolled 265

healthy newborn children within the first week

of birth. Field workers were able to follow 211

children for 24 months which was 80% of total

recruitment. The study was approved by the

research and ethics review boards of icddr, b, and

informed written consents were collected from

the mothers/caregivers of the children.

Data Collection

Monthly anthropometric measurements were

conducted according to the standard anthropo-

metric methodology.15 Children were weighed

with very minimum clothing using a Seca digital

scale (model no. 345, Hamburg, Germany, 10 g

precision), and a Seca infantometer (model no.

417, Hamburg, Germany) was used to measure

the recumbent length to the nearest 1 mm. The

length-for-age z (LAZ) score for each child was

determined using the World Health Organization

(WHO) 2006 child growth standards.16

From study participants, 24-hour food intake

data were collected monthly beginning at 9

months of age to assess nutrient intake of the

children using a 24-hour multiple-pass dietary

recall approach.17 Trained research staff used

visual aids (pictures of portion sizes and standar-

dized measuring utensils) and interviewed the

mothers to quantify the amount of different foods

their children consumed during the previous 24

hours. A second dietary recall interview was con-

ducted on nonconsecutive days with 10 to 20

randomly selected participants. The mothers were

not notified in advance in order to remove poten-

tial bias and to ensure maximum quality of the

collected data. A locally adapted food composi-

tion table was used to convert the dietary intake

data to nutrients.18

Information on water, sanitation and hygiene

(WASH), and socioeconomic status (SES) was

collected using pretested questionnaires. Demo-

graphic and SES questionnaires were adopted

from the Demographic and Health Survey (DHS)

questionnaires, and water and sanitation sources

were defined as improved (or not) based on the

WHO criteria.19

Data Management

The precise estimate of nutrient intake depends

on the availability of a food, source of a nutrient,

and other population specific factors. Accuracy of

such estimate is inversely related to the amount of

within-subject variation of nutrient intake.

Because of this variation, a single 24-hour recall

could provide imprecise estimates of usual

intake.20 It is assumed that, in presence of such

a greater variability, the data collection process

should be replicated regularly to achieve a higher

level of precision. And, it is also assumed that the

precision of an individual’s energy intake aver-

aged from multiple dietary recalls is quite high.20

The MAL-ED study collected one 24-hour diet-

ary recall per child each month and 15 such mea-

sures were recorded from each child from 9 to 23

months. We took this opportunity and averaged

the data on dietary macro- and micronutrient

intake for the 3-month periods of 9 to 11, 12to

14 and 15 to 17, 18 to 20, and 21 to 23 to capture

more precise information of dietary intake over

the entire time points. Associations of the 3-

month averages of macronutrient and micronutri-

ent intake with LAZ score (outcome variable) of
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the subsequent month were then determined. The

averaged dietary intake factors were assumed to

vary between individuals with time. All the other

covariates were kept as time invariants.

Statistical Analysis

We reported the maternal-, child-, and household-

level characteristics of the study participants using

means and standard deviation (SD) for normally

distributed continuous variables, and frequency

and percentage for categorical variables. A con-

ceptual framework was developed to describe the

role of dietary and other factors on LAZ score

trajectory. Bivariate linear regression was used to

explore the associations of each of the dietary

macro- and micronutrients, household-level fac-

tors, and LAZ. Animal protein, fat, carbohydrate,

iron, zinc, calcium, magnesium, phosphorus, vita-

min A, and vitamin D—a total of 10 nutrients were

found to have statistically significant (P value < .2)

association with LAZ score. The growth trajectory

model was then estimated under the statistical

framework of LGCM.21 Latent growth curve mod-

eling is a form of longitudinal analysis within the

framework of structural equation modeling that

estimates growth trajectories of repeated measures

of dependent variables as a function of time and

other measures.22 Latent growth curve modeling

reports the intercept factor of a model at the level

of the outcome variable at which the time variable

is zero. The slope factor, on the other hand, pre-

sents the linear change of outcome variable with

time. Initially an unconditional model (model 1;

Supplementary Figure 1) was developed which

included only the intercept and slope as latent vari-

ables for the trajectory of the outcome variable

LAZ score without adjusting for any covariates.

A quadratic term was then added to determine

whether this trajectory could be modeled as an

upturn or downturn over time beyond a linear

effect and so provide a better model fit (model 2;

Supplementary Figure 2). Model selection was

based on Akaike information criterion (AIC),

Comparative fit index, root mean square error of

approximation, and standardized root mean square

residual. According to the goodness-of-fit statis-

tics, the model with quadratic term showed a better

fit than the initial model (Supplementary Table 1).

The unconditional model with quadratic term was

used for building the subsequent latent growth

curve models.

The child-, maternal-, and household charac-

teristics that showed significant relationship with

LAZ in the bivariate analysis was added to this

unconditional model as time-invariant covariates.

We included the household characteristics col-

lected at baseline as we found that data were

essentially unchanged between the 2 time points

that they were collected. Individual 3 month-

lagged macro- and micronutrient intakes were

then added incrementally as time-varying covari-

ate keeping the time-invariant covariates fixed.

To control for WASH factors in child growth,

WASH household variables were included as part

of the household characteristics. Model selection

at this step was based on AIC and model showing

lowest AIC value was selected for subsequent

analysis (model 3, Supplementary Table 1). We

also tried to measure the association of the time-

invariant covariates gender and maternal height

with the macro- and micronutrient covariates

(model 4, Supplementary Table 1). But the model

did not prove to be a better fit than the model

(model 3) reported at this manuscript. The LGCM

analyses were conducted using MPlusv8.23

Results

Sociodemographic Characteristics

Table 1 describes the sociodemographic charac-

teristics of the participants. Mean (SD) of birth

weight and birth length of the cohort was 2.82

(0.42) kg and 48.30 (2.02) cm, respectively.

Mothers had a mean (SD) height of 149.03

(5.05) cm. At 24 months, the overall male-to-

female ratio was 1.04. Only 10.9% of children

were exclusively breastfed (received only breast

milk for the entire first 6 months). Majority of

study households were headed by a male family

member. A total of 84.4% mothers were between

18 and 30 years old, 39.8% mothers were younger

than 18 years during their first pregnancy, and

only 19.4% mothers were illiterate. Approxi-

mately, 44.5% households had a monthly income

less than 100 USD and 64% of the households

treated the drinking water to make it safe.

Das et al 203



Centile Curves of LAZ Score

Figures 1 and 2 present the centile curves (0.5th-

99.5th percentiles) of LAZ trajectory of male and

female children, respectively, from birth to 24

months. The curves show that female cohort

started with an LAZ score (median LAZ �0.97)

very close to their male counterparts (median

LAZ �1.03). They also experienced more

changes in their slopes than the male children.

The male–female gap widened with time and at

24 months of their age female cohort’s median

LAZ score was �1.91 and male’s median LAZ

was �2.08.

Latent Growth Curve Model

Table 2 reports the parameters of association of

LAZ score trajectory with dietary macro- and

micronutrients and household level factors and

Figure 3 presents the explanatory variables those

had statistically significant (P < .05) association

with the outcome variable. In the LGCM analysis,

male gender had a significant negative associa-

tion with the intercept but a positive association

with the slope factor (coefficient b ¼ �0.39, P <

.01; b ¼ 0.08, P < .04, respectively). In contrast,

birth weight had a positive association with the

intercept but negative associations with the slope

(b ¼ 0.91, P < .01; b ¼ �0.12, P < .01). Water

treatment (b ¼ 0.35, P < .00) and maternal height

(b ¼ 3.4, P < .00) were positively associated with

intercept. The testing of relationship between

individual 3 month-lagged macro- and micronu-

trient intakes with LAZ found that dietary mag-

nesium intake at 9 to 11 months was positively

associated (b ¼ 0.006, P < .02) with LAZ at 12

months. Animal protein intake at 15 to 17

months, in turn, was positively associated (b ¼
0.03, P < .03) with LAZ at 18 months. However,

vitamin D intake at 15 to 17 months was nega-

tively associated (b ¼ �0.06, P < .02) with LAZ

at 18 months. The LAZ score was not associated

with intake of any macro- or micronutrients at the

later phases of infancy (21-24 months).

Discussion

We have applied an LGCM analytical approach to

investigate the role of different macro- and micro-

nutrients on linear growth trajectory of children

across the first 24 months of their life. Previous

analyses of the MAL-ED Bangladesh cohort data

using population specific “generalized estimating

equation” models did not find associations of any

of the macro- or micronutrients with growth.18,24

But, in addition to modeling the repeated mea-

sures of a variable, LGCM also took into account

the 2 other aspects of change—intercept and lin-

ear slope factors. With the aid of the LGCM, we

have found that dietary magnesium and animal

protein were positively associated with LAZ

scores, while vitamin D intake was negatively

associated to it. Other micro- and macronutrients

did not show any statistically significant associ-

ation with the linear growth trajectory. We also

found that birth weight, treatment of drinking

water, and maternal height were positively asso-

ciated with intercept or the model factor at

which the time variable is zero. Gender had a

Table 1. Sociodemographic Characteristics of the
Participants.

n (%)

Sex Male 108 (51.2)
Female 103 (48.8)

Low birth weight Yes 46 (21.8)
No 165 (78.2)

Exclusive breast feeding Yes 23 (10.9)
No 188 (89.1)

Household head’s sex Male 195 (92.4)
Female 16 (7.6)

Monthly family income <100 USD 94 (44.5)
�100 USD 117 (55.5)

Mother’s age <18 years 3 (1.4)
18-30 years 178 (84.4)
>30 years 30 (14.2)

Mother’s age at first
pregnancy

<18 years 84 (39.8)
�18 years 127 (60.2)

Maternal education None 41 (19.4)
� 5 years 93 (44.1)
> 5 years 77 (36.5)

Treat water to make it
safe

Yes 135 (64.0)
No 76 (36.0)

Mean (SD)

Birth weight, kg 2.82 (0.42)
Birth length, cm 48.30 (2.02)
Mother’s height, cm 149.03 (5.05)

Abbreviation: SD, standard deviation.
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significant negative association with the inter-

cept, but a positive association with the slope

or the linear change of outcome variable with

time. Conversely, birth weight had negative

association with the slope.

Dietary magnesium was found to have a sig-

nificant association with LAZ score among chil-

dren at 12 months of age. There are few studies

reporting on the relationship between magnesium

intake and child growth that would support our

findings. However, Guatemalan children who

were having edematous protein caloric malnutri-

tion had an increased rate of recovery following

magnesium supplementation.25 Another study car-

ried out by Singla et al reported that malnourished

children had low magnesium levels in relation to

their nonmalnourished counterparts.26

Magnesium is known to be the second most

important intracellular cation of the human

body.26 It has critical roles in the glycolytic

pathway, cyclic adenosine monophosphate for-

mation, and fatty acid and protein synthesis.27

Deficiency of magnesium is known to result in a

compromised primary- and secondary immune

response.28 In animal models, magnesium defi-

ciency has been found to be associated with low

plasma Insulin-like growth factor 1, which

reverts to normal levels once the deficiency has

been corrected.29 Severe magnesium deficiency

can modify the secretion and/or skeletal respon-

siveness to vitamin D metabolites.30 Moreover,

reduction of dietary magnesium was reported to

be related to altered formation or action of

1,25(OH)(2)-vitamin D in rats.31

Figure 1. Centile curves (0.5th-99.5th percentiles) of LAZ trajectory of male children from birth to 24 months.

Figure 2. Centile curves (0.5th-99.5th percentiles) of LAZ trajectory of female children from birth to 24 months.

Das et al 205



T
a
b

le
2
.

E
st

im
at

ed
P
ar

am
et

er
s

o
f
A

ss
o
ci

at
io

n
o
f
LA

Z
Sc

o
re

T
ra

je
ct

o
ry

W
it
h

D
ie

ta
ry

M
ac

ro
-

an
d

M
ic

ro
n
u
tr

ie
n
ts

an
d

H
o
u
se

h
o
ld

Le
ve

l
Fa

ct
o
rs

.

E
ff
e
ct

s
o

f
H

o
u
se

h
o

ld
L
e
ve

l
Fa

ct
o
rs

o
n

In
te

rc
e
p
t

an
d

Sl
o
p
e

o
f
LA

Z
T

ra
je

ct
o
ry

E
ff
ec

ts
o
f
D

ie
ta

ry
M

ac
ro

-
an

d
M

ic
ro

n
u
tr

ie
n
ts

o
n

LA
Z

T
ra

je
ct

o
ry

D
e
p
e
n
d
e
n
t

V
ar

ia
b
le

LA
Z

In
te

rc
ep

t
LA

Z
Sl

o
p
e

D
ep

en
d
en

t
V

ar
ia

b
le

LA
Z

at
1
2

M
o
n
th

s
LA

Z
at

1
5

M
o
n
th

s
LA

Z
at

1
8

M
o
n
th

s
LA

Z
at

2
1

M
o
n
th

s
LA

Z
at

2
4

M
o
n
th

s

In
d
e
p
e
n
d
e
n
t

V
ar

ia
b
le

s
In

d
ep

en
d
en

t
V

ar
ia

b
le

s

N
u
tr

ie
n
ts

at
9
-1

1
M

o
n
th

s
N

u
tr

ie
n
ts

at
1
2
-1

4
M

o
n
th

s
N

u
tr

ie
n
ts

at
1
5
-1

7
M

o
n
th

s
N

u
tr

ie
n
ts

at
1
8
-2

0
M

o
n
th

s
N

u
tr

ie
n
ts

at
2
1
-2

3
M

o
n
th

s

b
SE

P
b

SE
P

b
SE

P
b

SE
P

b
SE

P
b

SE
P

b
SE

P

G
en

d
er

-0
.3

9
0
.1

1
.0

0
1

0
.0

8
0
.0

4
.0

3
8

A
n
im

al
p
ro

te
in

0
.0

1
0
.0

3
.7

5
8

0
.0

0
0
.0

2
.9

8
9

0
.0

3
0
.0

2
.0

2
7

-0
.0

1
0
.0

1
.5

7
9

0
.0

1
0
.0

1
.5

8
7

B
ir

th
w

ei
gh

t
0
.9

2
0
.1

4
.0

0
0

-0
.1

2
0
.0

5
.0

1
3

Fa
t

-0
.0

2
0
.0

1
.1

2
5

-0
.0

0
0
.0

1
.7

4
3

-0
.0

0
0
.0

1
.6

4
3

0
.0

0
0
.0

0
.3

3
5

0
.0

0
0
.0

1
.8

0
2

M
at

er
n
al

ed
u
ca

ti
o
n

0
.0

2
0
.0

2
.2

8
6

-0
.0

0
0
.0

1
.9

0
5

C
ar

b
o
h
yd

ra
te

-0
.0

0
0
.0

0
.6

3
7

0
.0

0
0
.0

0
.1

0
7

0
.0

0
0
.0

0
.1

1
0

0
.0

1
0
.0

0
.4

5
9

0
.0

0
0
.0

0
.7

1
2

M
at

er
n
al

h
ei

gh
t

3
.4

2
1
.1

5
.0

0
3

0
.3

7
0
.3

9
.3

4
2

Ir
o
n

0
.0

7
0
.0

5
.2

1
6

0
.0

2
0
.0

5
.6

6
6

0
.0

8
0
.0

4
.0

6
1

0
.0

5
0
.0

2
.1

2
1

0
.0

3
0
.0

3
.2

7
4

W
at

er
so

u
rc

e
-0

.2
2

0
.1

4
.1

2
3

0
.0

2
0
.0

5
.6

8
5

Z
in

c
-0

.2
6

0
.3

1
.3

9
8

0
.2

2
0
.2

6
.3

9
5

0
.0

1
0
.1

7
.9

7
3

-0
.0

1
0
.1

3
.9

4
7

-0
.0

2
0
.1

3
.8

7
1

W
at

er
tr

ea
tm

en
t

0
.3

5
0
.1

2
.0

0
3

-0
.0

1
0
.0

4
.8

5
4

C
al

ci
u
m

-0
.0

0
0
.0

0
.1

3
7

0
.0

0
0
.0

0
.5

8
2

0
.0

0
0
.0

0
.6

0
9

-0
.0

0
0
.0

0
.1

4
1

0
.0

0
0
.0

0
.5

8
8

T
o
ile

t
fa

ci
lit

y
0
.1

7
0
.1

3
.1

8
2

0
.0

1
0
.0

4
.8

0
6

M
ag

n
es

iu
m

0
.0

1
0
.0

0
.0

2
4

-0
.0

1
0
.0

0
.0

5
9

0
.0

0
0
.0

0
.7

3
1

-0
.0

0
0
.0

0
.7

6
5

0
.0

0
0
.0

0
.7

6
7

B
re

as
t

fe
ed

in
g

0
.0

1
0
.0

3
.6

7
5

-0
.0

0
0
.0

1
.7

7
2

P
h
o
sp

h
o
ru

s
0
.0

0
0
.0

0
.4

6
2

0
.0

0
0
.0

0
.9

3
4

-0
.0

0
0
.0

0
.3

8
6

0
.0

0
0
.0

0
.8

1
1

0
.0

0
0
.0

0
.6

8
2

V
it
am

in
A

0
.0

0
0
.0

0
.9

3
5

0
.0

0
0
.0

0
.8

5
4

0
.0

0
0
.0

0
.8

9
6

0
.0

0
0
.0

0
.3

6
3

0
.0

0
0
.0

0
.3

4
6

V
it
am

in
D

0
.0

7
2

0
.0

5
.1

5
8

0
.0

2
0
.0

3
.5

6
6

-0
.0

6
0
.0

3
.0

2
2

0
.0

2
0
.0

3
.3

3
5

-0
.0

2
0
.0

2
.3

5
3

A
b
b
re

vi
at

io
n
s:
b,

m
ea

n
co

ef
fic

ie
n
t;

LA
Z

,
le

n
gt

h
-f

o
r-

ag
e

z
sc

o
re

;
SE

,
st

an
d
ar

d
er

ro
r.

206



Vitamin D plays crucial roles in protecting

human body from infections and inflammatory

diseases.32 It is known to regulate the metabolites

of bone mineral metabolism and hence skeletal

development.33 Results published from the

MAL-ED Bangladesh project have reported that

the dietary intake of micronutrients in this cohort

was inadequate.24 Data from the same setting

also revealed that older aged underweight and

normal-weight children had higher odds of vita-

min D deficiency than their younger counter-

parts.32 Moreover, low calcium and high

phytate content of Bangladeshi diet may accel-

erate vitamin D utilization—the outcome of

which is a relative increase in vitamin D

demands.34 These results may partially explain

the findings of our analysis that vitamin D intake

at 15 to 17 months was negatively associated

with LAZ score at 18 months. However, as the

role of vitamin D in linear growth is intertwined

with that of dietary calcium and parathyroid

hormone, in the absence of information on the

latter variable, it is difficult to explore the appar-

ent paradoxical relationship. Community-based

descriptive studies are needed to provide further

insight into these relationships. Such studies

should also explore the role of genetic poly-

morphisms of vitamin D receptor protein for

predicting bone mineral density as Yoshizawa

et al reported that mice lacking the vitamin D

receptor failed to thrive after weaning.35

We found that dietary intake of animal protein

during 15 to 17 months was positively associated

with LAZ score at 18 months of age of the chil-

dren. This finding is supported by the multicoun-

try analysis of MAL-ED birth cohort data, which

reported that lower percentage of energy from

dietary protein was strongly associated with a

decline in length-for-age.5 Moradi et al also

reported that access to animal protein better pre-

dicts height than other energy sources.36 Esteban

et al conducted a study to compare the relative

Figure 3. Conditional latent growth curve model showing the association of dietary macro- and micronutrients
and sociodemographic factors on linear growth trajectory of 9 to 24 months old Bangladeshi children; i ¼
intercept; s ¼ slope; q ¼ quadratic term. Positive associations are annotated by “blue” arrows and negative
associations are annotated by “red” arrows.
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importance of proteins in children’s diets and

found that interventions concentrating on protein

intake might have the greatest beneficial effect on

linear growth of children.7 This result is sup-

ported by an additional study that found that early

introduction of eggs, which is a good source of

animal protein, can significantly improve growth

in young children.37

The relationship between maternal height,

birth weight, and linear growth during early

childhood is well established.5,18 Our study has

provided additional unique findings that show

that birth weight and maternal height had signif-

icant positive associations with the intercept term

while birth weight was negatively associated with

the rate of LAZ score change. These results can

be interpreted to mean that the children with

greater birth weight and whose mothers were of

greater height had better LAZ score at baseline.

This finding also suggests that, though such

children had more chances to attain a better

length-for-age, such odds could be altered by the

presence of other factors such as morbidity, infec-

tion, and dietary inadequacy.1,5 Given this, we

hypothesize that the growth-promoting role of the

inborn factors could be modified or distorted by

the presence of growth-limiting factors and those

factors could act more proximally to growth tra-

jectory than the birth characteristics.

We also found that treatment of drinking

water was positively associated with intercept

of the linear growth trajectory. Unsafe water acts

as a major barrier to the safe preparation of com-

plementary foods, and hence can inversely mod-

ify the potential required for linear growth

accretion.38,39

The strength of this analysis is efficient appli-

cation of LGCM to explore the role of different

micro- and macronutrients on intercept and slope

factors of linear growth trajectory over time. But,

we do have limitations to report. Our analysis

revealed that male gender—the reference cate-

gory of gender for this analysis—was negatively

associated with the intercept but positively with

the slope or rate of change of linear growth tra-

jectory. Centile curves for LAZ score shows that

female children had a better LAZ score at birth

but experienced more changes in the trajectory.

We could not explain this relation. Moreover,

except dietary magnesium, animal protein, and

vitamin D, other micro- and macronutrients did

not show any statistically significant association

with the linear growth trajectory. As statistical

associations do not implicate causality, the

absence of such statistically significant associa-

tions might be due to the absence of related inter-

actions among the nutrients. Hence, making

concrete conclusions regarding those relations

might not be possible.

Conclusion

In summary, this study found that dietary magne-

sium and animal protein were positively associ-

ated with LAZ score trajectory, while vitamin D

intake was negatively associated to it. We also

found that maternal height, birth weight, gender,

and treatment of drinking water can play determi-

nistic roles in directing the linear growth trajec-

tory. However, the association is not implicating

causality and intervention studies are required to

determine that.
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