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1.0 Introduction
Childhood undernutrition is associated with reduced physical activity, which leads to an increased
risk of obesity in childhood and adulthood (Guthold et al., 2010). Undernourished children have
been shown to be less physically active than their well-nourished counterparts (GranthamMcGregor & Baker-Henningham, 2005), however increases in activity levels have been shown
with improvements in nutritional status during childhood ( Faurholt-Jepsen et al., 2014). In
addition to the physical health benefits, physical activity has also been strongly associated with
motor development in undernourished children in the first year of life even though the strength
of the association is seen to reduce with age (Meeks-Gardner at al. 1995; Jahari et al., 2000).
Physical activity may be associated with improvements in the emotional, social, and cognitive
well-being of young children, as it involves gross motor play, the use of imagination and problem
solving skills and fosters social interaction with the environment (Burdette & Whitaker 2005).
Although there is some evidence on the positive associations of nutrition or health outcomes and
physical activity, evidence for the effects of micronutrient supplementation prenatally and during
early childhood on behavioral physical activity have been mixed (Tofail et al., 2008; Aburto et al.,
2010; Sazawal et al., 1996; Bentley et al., 1997; Jahari et al., 2000; Meeks-Gardner at al. 1995;
Pulakka et al., 2014; Pulakka et al., 2017).
The International Lipid-based Nutrient Supplement (iLiNS) DYAD-Ghana study was a
randomized, partially double blind, controlled trial conducted from 2009-2014 in the Yilo and
Manya Krobo districts of Eastern Ghana, to test the efficacy of three types of micronutrient
supplements for preventing malnutrition in pregnant and lactating women and their infants. The
three supplementation strategies were (1) lipid-based nutrient supplements (LNS) provided to
women during pregnancy and for 6 months postpartum, and to their infants from 6 to 18 mo of
age, (2) maternal multiple micronutrient (MMN) supplements during pregnancy and 6 months
postpartum, and (3) maternal iron and folic acid (IFA) during pregnancy and calcium placebo
tablet during 6 months of lactation. Children in the latter two groups received no supplement
during infancy.
From January to December 2016, we conducted a follow-up study of children who participated
in the main iLiNS trial and were by then 4-6years old, to investigate the long-term effects of the
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intervention on health and neurodevelopmental outcomes. The aim of this SAP is to describe the
analysis to investigate the long-term effects of maternal lipid-based nutrient supplementation
(LNS) during pregnancy and 6 months postpartum and infant supplementation from 6 to 18
months of age on the physical activity (PA) and sedentary behavior (SB) at age 4-6 y measured
using accelerometers. We hypothesized that LNS supplementation during pregnancy,
postpartum and infancy would increase PA and lower SB at 4-6 y compared to maternal iron and
folic acid supplementation during pregnancy only, or multiple micronutrient supplementation
during pregnancy and through 6 months postpartum.
1.1 Study site, participants, inclusion and exclusion criteria
This follow-up study was conducted in the Yilo and Manya Krobo districts of Eastern Ghana,
where the iLiNS DYAD-G1 study took place from 2009-2014. To be eligible for follow-up, all
mother-child dyads who took part in the main trial and were willing to participate were
included. Mother-child dyads were excluded if mother or caregiver was unwilling to consent to
participation or were not residing within the study site (Yilo and Manya Krobo districts) or
surrounding towns at a travel distance costing no more than GHc 60 ($ 15) to the study site
round trip.
For the present analysis on physical activity, we randomly selected a sub-sample of mother‐child
dyads eligible for the follow-up study, ensuring that the number of children in the IFA and MMN
groups were balanced within the combined (non‐LNS) group.
2.0 Study objective
For the analyses described here, the aim is to investigate the long-term effect of LNS on physical
activity and sedentary behavior outcomes at preschool age (4-6 yr).
2.1. Specific aims
The specific aims of these analyses are to compare children in the three intervention groups on
the following outcomes:
Primary outcome
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1. Daily mean vector magnitude counts per minute (VMCPM)
The mean vector magnitude (VM) counts per minute in the total sample will be calculated
using the Actilife data analysis software v6.13.1, which calculates the mean VM as the
square root of the sum of squared activity counts of three axes. We will estimate the
difference (95% CI) in mean accelerometer counts/min between the intervention group
and the control group.
Secondary outcomes
1. Percentage of time spent in moderate-to-vigorous physical activity (MVPA)
This will be defined using validated cutoff points (for children 5-8 yrs) of vertical axis
activity counts of ≥ 574 counts/15 s (Evenson et al., 2008). This will be averaged over all
valid days within a 7-day period and the averaged value (per participant) will be used in
the analysis.
2. Percentage of time spent being sedentary (SED)
We will define sedentary time using validated cutoff points (for children 5-8 yrs) as vertical
axis activity counts ≤ 25 counts/15 s (Evenson et al., 2008).This will be averaged over all
valid days and the average value (per participant) will be used in the analysis.
3. Percentage of active children in the sample
The proportion of children whose mean time in MVPA over all valid days is ≥60 minutes
will be considered active, based on the guidelines of the U.S. National Association for
Sports and Physical Education (NASPE, 2009) and the WHO global recommendations for
physical activity and health (WHO, 2010).
3.0 Definition of outcomes
For both primary and secondary outcomes:
Intensity-specific PA and SED behavior will be reported as min/day and as percentage values of
valid wear time.
4.0 Hypotheses
We hypothesize that:
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a). Children in the LNS group would have higher mean daily VMCPM compared to children in the
MMN or IFA groups.
b). Children in the LNS group would have greater minutes per day spent in moderate-to-vigorous
physical activity and lower minutes per day spent in sedentary behavior compared to children in
the MMN or IFA groups.
c). A greater proportion of children in the LNS group would reach 60 min of MVPA/day compared
to children in the MMN or IFA groups.
5.0 Blinding
All participants were outfitted with a single Actigraph accelerometer to monitor and measure all
outcomes. This was done by trained data collectors blinded to group assignment of the children.

6.0 Power calculations
To detect an effect size of 0.33 SD or greater in mean vector magnitude (VM) counts/min, which
was the primary outcome of this sub-study, assuming 3 intervention groups, a power of 80% and
alpha of 0.05 requires 132 per group, summing up to 396 children needed for this physical activity
sub study.
7.0 Analysis principles
Analysis will be performed by intention-to-treat and results will be analyzed according to the
group to which participants were originally assigned regardless of whether they got the
treatment or if they followed protocol. We will include data on participants lost to follow-up or
who refused to continue the study if available.
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8.0 Statistical analysis
8.1. Software
Data will be processed using the Actilife wear-time validation, scoring and sleep detection tools
in the Actilife v6.13.3 software. All statistical analyses will be done using SAS version 9.4 (SAS Inst.
Cary, NC, USA).
8.2 Data processing
Data reduction
Activity counts for each 1-min interval will be uploaded to the Actilife software program to
determine total counts per hour of monitoring and the number of intervals of sedentary, light,
moderate-to-vigorous and vigorous physical activity per hour. We will consider a day valid when
there is a minimum of ten (10) hours of accelerometer data/day.

Sleep/ non-wear time
We will define non-wear time as strings (consecutive periods) of ⩾20 min of zero counts. Only
children with ⩾ 3 valid days (minimum of 2 weekdays and 1 weekend day) of data will be included
in the analyses.

For sleep analysis, age-specific count cutoffs corresponding to sleep period will be derived from
the algorithm sleep prediction equation developed by Sadeh et al., 1994 and sleep period
detection option created by Tudor-Locke et al, 2013 to calculate each epoch as asleep or awake.
9.0 Background characteristics by intervention group
For some maternal and child variables measured, the available values at the time of screening,
recruitment or enrolment in the initial study (e.g. baseline maternal BMI, education), will be
considered as background characteristics. For other variables, the available values at time of
enrollment into the current follow-up study (child age, child height etc.) will be considered as
background characteristics and will be presented in a table, by the three treatment groups. Group
characteristic comparisons will be described based on several socio-demographic variables, using
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frequencies and percentages to summarize categorical variables and mean and standard
deviations for continuous variables. We will compare children fitted with accelerometers during
follow-up with those unavailable for accelerometer fitting even though they were randomly
selected for this sub-study, on sociodemographic characteristics.
10.0 Main effect of intervention
For all outcomes, an ANCOVA model, following intention-to-treat principles will be used to
examine the effects of the LNS intervention on mean VMCPM, MVPA and sedentary behavior.
We will adjust for potential covariates listed below. We will first test the null hypothesis of no
difference between the three intervention groups using ANCOVA for continuous outcomes and
logistic regression for binary outcomes. For all analyses, post-hoc pairwise comparisons of the
three intervention groups will be performed using Tukey-Kramer adjustment for continuous or
binary variables. We will define significant pairwise comparisons as p-value < 0.05. If there are
no significant differences between the IFA and MMN groups, we will combine the groups into a
single control (non-LNS) group to estimate two-group comparisons (LNS vs control).
We will compare groups with two models: one model unadjusted for covariates and the second
model will be minimally adjusted any baseline, follow-up or other factors listed below in section
12 that are statistically significantly associated at the p<0.1 level with each of the outcomes. For
any covariates that were collected after baseline, we will first check whether they are different
between groups before including in the model since they could be potential mediators. Tests will
either be one‐sided (main outcome comparisons) or two‐sided (baseline comparisons) and at 5%
level of significance, except as otherwise stated.
11.0 Exploratory analysis
Besides the overall averages in all outcomes we will also assess the differences in VMCPM,
MVPA and SED time between groups separately on:
1. Weekdays (Monday through Friday)
2. Weekends (Saturday and Sunday)
12.0 Potential covariates
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The following covariates are to be included in the ANCOVA or logistic regression models when
they show a statistically significant association with the outcome (P<0.1):
Factors collected at baseline:
1. Birth order
2. Maternal age
3. Maternal education
4. Household asset index
5. Household food insecurity index
Factors collected at follow-up:
1. Child age
2. Child sex
3. Preschool attendance
4. Season of activity measurement

13.0. Potential effect modifiers
The following variables will be examined as potential effect modifiers with an interaction term in
the ANCOVA model:
Factors collected at baseline:
1. Child sex
2. Maternal age
3. Maternal education
4. Primiparity
5. Household asset index
Factors collected at follow-up:
6. Home stimulation composite score
7. Maternal depression
8. Child LAZ
9. Child WLZ
8
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We will test the interaction between the effect modifiers and intervention groups. Significant
interactions (p < 0.1) will be further examined with stratified analyses, estimation of separate
regression lines, or estimation of adjusted means at key points of the covariate, in order to
understand the nature of the effect modification.
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N Pregnant women screened
*N Not eligible
*N Not recruited
N Pregnant women recruited
*N Not enrolled
N Pregnant women enrolled

N assigned to LNS

N not eligible for follow-up at 4-6 y

N assigned to IFA

N assigned to MMN

N not eligible for follow-up at 4-6 y

N not eligible for follow-up at 4-6 y

N eligible for follow-up at age 4-6 y

N LNS

N MMN

N IFA

N Randomized into PA sub-sample
(LNS Group)

N Randomized into PA sub-sample
(Non-LNS Group)

N Not consented

N Not consented

N Consented

N Consented

N Not fitted with
accelerometer

N Not fitted with
accelerometer

N fitted and included in analysis

N fitted and included in analysis

FIGURE 1 Study profile.
LNS, lipid-based nutrient supplement; IFA, iron and folic acid; MMN, multiple micronutrients.
LNS group, women received 20 g LNS daily during pregnancy and 6 mo lactation. Infants received 20 g LNS daily from 6-18 mo of age; Non-LNS
group, women received either IFA during pregnancy and placebo for 6 mo postpartum or MMN capsules during pregnancy and 6 mo postpartum.
Infants did not receive any supplement.
*Details reported in Adu-afarwuah et al., 2015
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Table 1: Selected characteristics of women and children by intervention group at baseline & follow-up

Variable

LNS

Non-LNS

n

n

Mean ± SD [n] or % [n/total]

Mean ± SD [n] or % [n/total]

P-value

Baseline maternal age (y)

xx.x ± x.x [xxx]

xx.x ± x.x [xxx]

x.xxx

Baseline maternal education (y)

xx.x ± x.x [xxx]

xx.x ± x.x [xxx]

x.xxx

Baseline household asset score1

x.xx ± x.xx [xxx]

x.xx ± x.xx [xxx]

x.xxx

Primiparous (%)

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Child male (%)

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Birth wt (kg)

x.xx ± x.xx [xxx]

x.xx ± x.xx [xxx]

x.xxx

Age at follow-up (y)

x.xx ± x.xx [xxx]

x.xx ± x.xx [xxx]

x.xxx

LAZ @ 6mo

x.xx ± x.x [xxx]

x.xx ± x.x [xxx]

x.xxx

WLZ @ 6mo

x.xx ± x.x [xxx]

x.xx ± x.x [xxx]

x.xxx

Child Hb @ 6mo (g/L)

xxx.x x.x [xxx]

xxx.x x.x [xxx]

x.xxx

LAZ @ 4-6y

x.xx ± x.x [xxx]

x.xx ± x.x [xxx]

x.xxx

WLZ @ 4-6y

x.xx ± x.x [xxx]

x.xx ± x.x [xxx]

x.xxx

Child Hb @ 4-6y

xxx.x x.x [xxx]

xxx.x x.x [xxx]

x.xxx

Season 1

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Season 2

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Season 3

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Season 4

xx.x [xxx/xxx]

xx.x [xxx/xxx]

x.xxx

Home stimulation score at 4-6y

x.xx ± x.x [xxx]

x.xx ± x.x [xxx]

x.xxx

Season of physical activity measurement (%)

LNS=Lipid-based Nutrient Supplement. Non-LNS= Iron & folic acid +multiple micronutrient capsules (control group).
1Proxy

indicator for household socioeconomic status ; higher value represents higher socioeconomic status

Hb= Hemoglobin level. LAZ = Length-forage z score. WLZ= weight-for-length z score
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Table 2: Physical activity at 4-6 years by intervention group
Treatment group

Comparison between groups

LNS

Non-LNS

n=

n=

Mean (SD)

Mean (SD)

Vector magnitude (counts/min)

xxx (xx)

xxx (xx)

Time in MVPA (%)

xxx (xx)

Time in SED (%)

xxx (xx)

Variables

Unadjusted Pvalue

P-value
adjusted for
baseline and
other covariates

x(x to x )

x.xxx

x.xxx

xxx (xx)

x (x to x )

x.xxx

x.xxx

xxx (xx)

x (x to x )

x.xxx

x.xxx

Mean (95% CI)

LNS=Lipid-based Nutrient Supplement. Non-LNS= Iron & folic acid +multiple micronutrient capsules (control group)
MVPA= moderate-to-vigorous physical activity. SED= Sedentary behavior
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