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Abstract

Objective: The World Health Organization recommends that complementary foods that are
adequate, safe, and appropriate be introduced to infants at age six months. Using an innovative
modeling technique, we examine patterns of nutrient intake in HIV-exposed and -uninfected
(HEU) infants and establish their relationship with growth.

Methods: Single-day dietary recalls and anthropometrics were collected every two to three
months from 543 infants living in Kigali, Rwanda and attending clinics for the prevention of
mother-to-child HIV transmission. A common weaning food index (CWFI) was calculated in
grams and nutrient density for infants to reflect the extent to which the infants consumed the
weaning foods typical of this population at ages 6-10, 11-15, and 16-20 months. Regressions
among the CWFI, length-for-age z-scores (LAZ), and weight-for-length z-scores (WLZ) were
conducted to estimate the relationship between the dietary patterns and growth.

Results: Mean absolute intake of zinc and calcium from complementary foods was insufficient.
Increasing CWFI was related to increasing cow milk consumption. The density CWFI showed a
decrease in the density of iron and folate as infants consume more of the weaning foods typical of
this population. Density CWFI, breastfeeding, and caloric intake act on early LAZ and WLZ and
interact with one another. Among breastfed infants, those who consume little of the common
weaning foods and have a high caloric intake develop deficits in LAZ and have an elevated WLZ.

Conclusions: A diet that is more dominated by the typical weaning foods of this population may
support a healthy growth pattern.
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Introduction

The World Health Organization (WHO) recommends that safe, adequate, and appropriate
complementary foods be introduced to infants at six months of age. Current WHO
guidelines for feeding HIV-exposed and -uninfected (HEU) infants recommend exclusive
breastfeeding until age six months at which time complementary foods should be introduced
and breastfeeding should continue along with appropriate antiretroviral (ARV) treatment of
the mothers (World Health Organization, 2016). Dietary patterns from six to 24 months are
expected to have a significant impact on infant growth outcomes (Arpadi et al., 2009;
Prendergast, Humphrey, Prendergast, & Humphrey, 2017). Many infants develop linear
growth deficits at this time (Prendergast et al., 2017; Stewart, lannottie, Dewey, Michaelsen,
& Onyango, 2013). The weaning diet may affect weight immediately and later in life (Ong,
Emmett, Noble, Ness, & Dunger, 2006; Pearce & Langley-evans, 2013; Scaglioni et al.,
2000; Tang & Krebs, 2014). Early stunting (low length-for-age) predicts increased morbidity
and mortality, reduced cognitive and behavioral skills, and poor long-term health (Black et
al., 2013; Dewey & Begum, 2011; Goldberg & Short, 2016; Onis & Branca, 2016;
Prendergast et al., 2017). Individuals with faster linear growth and weight gain in the first
two years of life tend to complete more years of schooling and have a lower risk of school
failure in low- and middle-income countries (Martorell et al., 2010). Among HEU infants,
stunting and wasting are associated with decreased psychomotor and mental development
(McDonald et al., 2013). Some populations of HEU infants in sub-Saharan Africa show a
growth pattern characterized by low average length-for-age z-scores (LAZ) but slightly
elevated weight-for-length z-scores (WLZ) (Flax et al., 2013; Jumare et al., 2019; Lane,
Bobrow, Ndatimana, Nadyisaba, & Adair, 2019).

HEU infants may be particularly vulnerable to poor developmental outcomes due to a unique
set of harmful exposures. They experience increased risk of maternal illness and death,
deleterious socioeconomic factors that co-vary with HIV infection, and exposure to HIV and
antiretroviral drugs (Brennan et al., 2016; Evans, Jones, & Prendergast, 2016; Filteau, 2009;
Goldberg & Short, 2016; Pierre et al., 2016; Slogrove, 2016). There is some indication that
HEU infants may have metabolic differences from their unexposed counterparts, thereby
modifying the relationship between diet and growth in this unique population (Jao &
Abrams, 2014; Jao et al., 2017).

A number of specific nutrients have been identified as important for infant health and
adequate growth in the general population. Some nutrients have specific metabolic functions
and a deficiency produces a specific set of clinical symptoms. For example, iron deficiency
results in anemia, and iodine deficiency causes goiter. Deficits in nutrients such as protein
and zinc may result in growth retardation before producing clinical symptoms (Golden
1995). The relationship between these nutrients and growth in length and weight is now well
established (Berger et al., 2006; Black et al., 2013; Koletzko et al., 2009; Lind et al., 2004;
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Pearce & Langley-evans, 2013; Salgueiro et al., 2002; Scaglioni et al., 2000; Tang & Krebs,
2014; Umeta, West, Haidar, Deurenberg, & Hautvast, 2000).

In the last decade, work has shifted from focusing on specific nutrients to analyzing diets as
a whole using a variety of novel approaches (Hu, 2002; Tucker, 2010). Analytic methods
focusing on dietary or nutrient patterns are an improvement over methods focusing on single
nutrients or foods because nutrients are derived from foods which are typically consumed in
combinations that together determine the overall adequacy or quality of a diet. Any
underlying patterns in adequate/inadequate nutrient intake that arise within a population are
the result of these nutrients being found in adequate or inadequate amounts in the foods
typically consumed within the population. For example, a healthy dietary pattern, high in
vegetables, fruit, meat, and fish at age six months is related to better child cognitive
outcomes because these foods provide the nutrients needed to support healthy brain
development (Gale et al., 2009). However, very few studies have looked longitudinally at
how nutrient intake patterns during complementary feeding relate to growth (Agostoni et al.,
2008).

Much of the reason for the lack of research on this topic is the technical difficulty related to
analyzing an infant’s diet over time. Diet tends to change rapidly over the first two years of
life. Therefore, diet must be considered as an evolving trait with distinct features and
potentially different consequences at different times. Effects of diet may be age-specific, but
may also reflect persistence of an underlying pattern, with important long-term
consequences for child health. Our goal is to use a structural equation modeling technique
borrowed from behavioral research to examine the common weaning diet in this population
of HEU infants and establish the relationship of this pattern to growth. Similar structural
equation models are used in behavioral research to quantify latent (not directly measured)
traits which are measured by a set of observed factors that change over time. This approach
is often used in quantifying persistent traits such as behavior problems, academic skills, and
measures of wellbeing (Breslau, Breslau, Miller, & Raykov, 2011; Tremblay, Masse,
Leblanc, Schwartzman, & Ledingham, 2005; Wiesner, 2003). Like diet, these are abstract
concepts that are the aggregate of a set of underlying factors and develop over time.

Through structural equation modeling, we first employ a data-driven approach to
characterize the nutrient pattern represented in the complementary foods commonly
consumed by a sample of HEU infants from the Kabeho study of the prevention of mother-
to-child transmission of HIV in Kigali, Rwanda. We focus on nutrients known to be
associated with growth. This approach uses data on the diet actually consumed within this
population to characterize the local diet rather than applying an external metric. We then
assess how adherence to this common pattern is related to growth. The analysis allows us to
determine whether consumption of the usual 6 weaning diet is an explanation for the pattern
of linear growth faltering and elevated relative weight observed in Kabeho infants.

Previous work has characterized the Rwandan weaning diet as high in sorghum, maize,
potatoes, beans, and green leafy vegetables (National Institute of statistics, Ministry of
Health, ICF International, National Institute of statistics, & ICF International, 2015;
Uwiringiyimana, Ocké, Amer, & Veldkamp, 2019). Often, these foods are consumed in the
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form of porridges, which do not supply sufficient fiber, vitamin A, vitamin E, calcium, and
zinc (Grosshagauer et al., 2019). The consumption of commercially produced infant
formulas and complementary foods is rare in Rwanda; however, during the early phase of
weaning, animal milk consumption is common (National Institute of statistics, et al., 2015).
Egg consumption is limited (National Institute of statistics, et al., 2015). At about one year
of age, only 16% of infants received both the minimum dietary diversity and meal frequency
recommended by the WHO (National Institute of statistics, et al., 2015). This work, while
invaluable from a descriptive standpoint, is unable to quantify the extent to which infants
follow this characteristic pattern or link that pattern to relevant health outcomes. Our data-
driven approach creates a latent variable which scores infants on the extent to which they
follow the characteristic pattern of nutrient intake from complementary foods observed
within this population and relates it to growth.

Methods

Participants

The Kigali Antiretroviral and Breastfeeding Assessment for the Elimination of HIV
(Kabeho) Study enrolled HIV-positive, pregnant and postpartum women participating in
prevention of mother-to-child transmission programs in selected high-volume health
facilities in Kigali, Rwanda. The women were required to have documented HIV infection,
plan on remaining in the Kigali area following delivery, and provide consent. Women
received lifelong antiretroviral therapy under Option B+ (World Health Organization, 2012).
During infant clinic visits at six, eight, 11, 14, 17, 21, and 24 months, the women were asked
to report all foods the infant had consumed in the last 24 hours. This dietary assessment
protocol required 20-25 minutes to administer. Standard size utensils and visual aids were
used to assist mothers in estimating portion sizes. Energy and nutrient intakes from
complementary foods were estimated using the Uganda food composition table (FCT)

(Hotz, Lubowa, Sison, Moursi, & Loechl, 2012), updated to include foods consumed by
Kabeho infants but missing from the FCT. In the absence of a Rwandan FCT, we chose the
Ugandan FCT because weaning foods fed to infants are very similar in these two settings,
and because of the high quality of the Ugandan FCT which was recently produced by
Harvest Plus. Similar to Rwanda and our sample, cow milk, beans, fish, potatoes, maize, soy,
leafy vegetables, and banana are common early weaning foods in Uganda (Bekele &
Turyashemererwa, 2019; Ekesa, Nabuuma, & Kennedy, 2019; Kikafunda, Walker, &
Tumwine, 2003; Ssemukasa & Kearney, 2014). Breastfeeding was defined as a binary
variable (yes/no) based on maternal report. During each visit, trained nurses took duplicate
measures of infant length to the nearest 0.1 centimeter using Shorr boards, and weight to the
nearest 10 grams using UNICEF scales. If mothers did not present at a study visit, attempts
were made to contact them and data were collected during the next possible opportunity.
Only data from infants ages six months to 25 months were included in the analysis. The
repeat measurements within visits for infant length and weight were averaged at each time
point. Z-scores were calculated using the WHO standard (World Health Organization, 2011).
Stunting was defined as a LAZ less than -2, and wasting was defined as a WLZ less than
-2.
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Recruitment took place from April 2013 to January 2014. Initially, 608 women were
recruited for the study; however, 34 mothers left the study before the six-week visit. In
addition, there were seven sets of twins, resulting in a total of 577 mother-infant pairs
enrolled in the study at six weeks of age (Figure 1). Dietary data are available on 543
infants. Mean nutrient intake from complementary foods was calculated for infants ages six
to seven months, nine to ten months, 13 to 15 months, 16 to 18 months, and 23 to 25
months. These values were compared with recommended nutrient intakes from
complementary foods for breastfeeding infants compiled in 2003 by Dewey and Brown from
WHO, UNICEF, and the United States Institute of Medicine. (Dewey & Brown, 2003).

Ethical approvals were obtained from the Rwandan National Ethics Committee, the Rwanda
National Health Research Committee, and the George Washington University Institutional
Review Board. The protocol is registered with the United States National Institutes of Health
at https://clinicaltrials.gov (NCT02295800).

Data analysis

Given our objective of learning how dietary patterns characterized by different nutrient
profiles over time relate to growth, we need to take several key issues into consideration.
First, with the introduction of complementary foods, infant diets change rapidly in the
relative contribution of breastfeeding and in the amounts and types of foods consumed.
Second, we want to focus on the nutrient profiles that characterized the usual weaning diet
over time in this population, with a focus on nutrients deemed most relevant for growth. The
nutrients we consider (zinc, protein, calcium, thiamin, riboflavin, retinol, and folate) are
important for healthy growth and development and have recommendations for intake levels
to support healthy growth and development (Dewey & Brown, 2003; Golden, 1995). Finally,
because diet can have long term effects on growth, our measure of diet must allow for some
persistence, with previous measures of diet affecting later values. This allows us to quantify
diet uyp foa given age rather than simply afthat age.

To address the set of challenges outlined above, we use a data-driven method, thereby
preventing the introduction of biases related to cultural differences or scientific
preconceptions regarding these nutrients. We develop a structural equation model with latent
variables measured by nutrient intake and representing a data-derived quantification of the
common weaning nutrient profile (Figure 2). We posit that any underlying (latent) patterns
in nutrient intake that are observed in this population must arise from these nutrients being
present in a certain pattern in the common weaning foods of this culture. Therefore, a latent
variable defined by nutrients represents the extent to which an infant’s weaning diet is
dominated by this set of common weaning foods. We refer to this latent variable as the
common weaning foods index (CWFI). A high CWFI value represents consuming even
more of these common foods than typical; whereas, a low value represents consuming less
of these foods than is typical. The estimated weights between the CWFI and the nutrients it
is measured by reflect the extent to which intake of that nutrient is determined by intake of
these common weaning foods or other foods. A high weight means that most of the intake of
that nutrient is determined by intake of the set of common weaning foods. To allow for the
CWFI to have a persistence component, we specify that the CWFI at one period influences
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the CWFI at the subsequent period. Therefore, the CWFI does not simply represent the
extent to which an infant’s weaning diet is currently dominated by the common weaning
foods; it also reflects the extent to which the infant’s weaning diet has been dominated by
these common foods up to the specified time point. CWFI values were estimated for each
infant at ages six to ten months, 11 to 15 months, and 16 to 20 months. CWFI values were
not estimated at 23-25 months because diet at this time was overly co-linear with diet at 16
to 20 months.

Separate CWFI values were estimated using nutrient intake in grams, termed absolute
CWFI, and nutrient density per 1,000 kilocalories, termed density CWFI. These two
measures were used because larger infants are expected to eat more, introducing the
possibility of reverse causation in the relationship between absolute intake and growth.
However, higher nutrient density does not mean sufficient intake if energy intake is
insufficient, so nutrient density may not directly relate to growth. As such, these two
measures capture different aspects of diet, both of which may be relevant to our outcome of
interest. Data were standardized to be normal with a mean of zero and a standard deviation
(SD) of one so that all data were on the same scale and coefficients were comparable. CWFI
values were also defined to have a mean of zero and a standard deviation of one.
Calculations were conducted in Mplus using random analysis (Muthen & Muthen, n.d.).

After estimating CWFI values for each infant, multilevel models were used to establish the
relationship of the CWFI to growth outcomes, defined as LAZ and WLZ. The average
number of observations per infant per period was 1.5+0.55. Regressions were specified
using CWFI values and growth outcomes at the same period and alternately as CWFI values
at one period and growth at the following period to account for reverse causation.
Breastfeeding was represented as a binary variable. Nutrient intake from breastfeeding was
not available. As a result, this model is only appropriate for estimating the association of the
complementary diet patterns with growth. It does not reflect the relationship between total
nutrient intake and growth. Infant baseline characteristics (infant sex, maternal education,
parity, and maternal age) were included as additional controls.

Three interactions were built into the models: CWFI by energy intake, CWFI by
breastfeeding, and breastfeeding by energy intake. The first was included because the effect
of diet is modulated by the amount of food consumed, especially for the density model.
Similarly, the effect of diet depends on the amount of nutrients consumed through
breastmilk, necessitating the second interaction. The third interaction is a proxy for nutrients
received through breastfeeding. As infants are weaned, they receive more energy from
complementary foods and the importance of breastfeeding diminishes.

The average LAZ at age six months was —1.02 and it declined steadily over most of the
study period, reaching —1.52 by age 24 months (Table 1). By contrast, the average WLZ at
age six months was 0.62 and declined to 0.42 by age 24 months. At age 24 months, 28
(29%) infants were stunted and no infants were wasted. At three to four months of age, 80%
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of infants were exclusively breastfed, and this was reduced to 22% by six months. Only 5%
of infants continued to receive breastmilk at 24 months.

The most frequently consumed complementary foods were ingredients in porridges and
stews (“imvanges” or mixtures made from what is on hand in the household each day).
Porridges were typically made from sorghum, maize, wheat, and/or soy flours using single
grains, home-made mixtures of these flours or a commercial product called “SOSOMA” (a
fortified mixture of soy, sorghum, and maize flours) to which sugar is added. Imvanges are
usually a mixture of cassava or other flours, kidney or other beans, tubers, other vegetables,
oil, and sometimes dried fish. Infants were frequently given cow milk from local dairies.
Other than milk, fish was by far the most common animal source food consumed, with other
meats being very rare.

At the first recall, when infants were approximately five months of age, the most frequently
reported food was cow milk, followed by different types of porridge. By approximately
seven months and thereafter, nearly all infants were fed porridges and imvanges. As infants
aged, other foods, mostly porridges, surpassed cow milk as the most frequently consumed.
Variation in the quality of the infant diet largely reflects the type of grain included in the
porridges and ingredients in the imvange recipes, including, for example, what vegetables,
legumes, and animal source foods are included.

Mean nutrient intake and nutrient density often fell well below recommended intake for
infants engaged in a moderate amount of breastfeeding (Table 2) (Dewey & Brown, 2003).
Mean zinc, retinol, and calcium intake and zinc density were generally below the
recommended values. Protein intake and density were above the recommended intake at all
time periods.

CWFI development — patterns in nutrient and food intake

All nutrients except riboflavin weighted heavily onto to the CWFlIs at all time points (Table
3). Therefore, the same underlying factor which represents the set of common weaning
foods used in this culture, is driving consumption of all these nutrients. Higher absolute
CWFI is associated with higher nutrient intake across all nutrients (Table 4). Infants with
larger absolute CWFIs simply eat more, so they have larger nutrient intakes. However,
higher density CWFI is associated with lower density of folate and iron. Eating more of the
common weaning foods is, therefore, associated with lower folate and iron per 1,000
kilocalories. The common weaning foods must therefore have less folate and iron per 1,000
kilocalories than other, less commonly consumed foods. CWFI at one time period
significantly influenced scores at the next period. Absolute and density CWFI had a
correlation of 0.48, 0.42, and 0.29 at six to ten months, 11 to 15 months, and 16 to 20
months respectively.

To establish the relationship between the CWFI and actual foods consumed, we considered
the intake in grams of food groups consumed across thirds of the distribution of CWFI.
Figure 3 (Supp 1) shows a striking pattern in increasing consumption of cow milk and cow
milk products across tertiles of CWFI at all time points, indicating that milk and milk
products are likely the dominant factor driving the underlying pattern in nutrient intake.
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While cow milk was a ubiquitous weaning food, infants with a high CWFI consumed more
milk than those with lower scores. Although the amount of cow milk consumed by the upper
tertile of absolute and density CWFI were similar, the amount of cow milk consumed by the
lowest tertile of density CWFI was much lower than that consumed by the lowest tertile of
absolute CWFI.

The association of the common diet with growth

Breastfed infants were slightly shorter than non-breastfed infants at six to 10 months and
became heavier by 11 to 15 months (Table 5). A higher density CWFI was associated with
an elevated WLZ from six to 15 months. Over this period, there was a significant interaction
between the CWFI and caloric intake on linear growth. As a result, among breastfed infants
with low density CWFI, a high caloric intake is related to 0.40 SD lower LAZ and a 0.51 SD
higher WLZ compared to a low caloric intake at 11 months (Figure 4). Similarly, among
breastfed infants with high caloric intake, those with a high density CWFI had a 0.40 SD
higher LAZ and but 0.17 SD lower in WLZ at 11 months. There was no significant effect of
absolute CWIF on growth outcomes (Table 6). When diet at one time period is regressed on
growth at the subsequent period, these results become non-significant.

Discussion

A variety of dietary indicators, such as breastfeeding and dietary diversity metrics, are
already established as predictors of infant growth (Jones et al., 2014). Among HEU infants,
poor diet patterns have been shown to increase the risk of low length and weight-for-age
(Becquet et al., 2006). However, such external metrics that quantify dietary quality make
assumptions about which aspects of diet influence health outcomes. These assumptions may
not hold across contexts. For example, the health consequences of added sugar provided to
an infant in the form of a cookie in a calorie rich environment are likely to be different than
those of added sugar in fortified, soy-based porridge given to an infant living in a low
resource setting. In addition, external metrics created for a Western population may not be
designed to score non-Western foods. In contrast to approaches that quantify diet relative to
an external metric, our approach to the characterization of the weaning diet is unique in that
it uses the available data to objectively identify the pattern of nutrient intake actually
observed in the population. We make no a priori assumption about the health effects of this
pattern; rather, we use the identified pattern to determine how the nutrient profile of the
usual weaning diet relates to infant growth. This is useful as it allows us to determine the
extent to which common weaning practices are meeting the nutritional needs of these HEU
infants, who are believed to be at increased risk of early morbidity and mortality. Our CWFI
reflects the extent to which infants consume the common weaning foods used within this
population. The scores are largely driven by the consumption of cow milk, with higher
scores indicating the consumption of more milk products. Although cow milk is not the most
commonly consumed food, the more commonly consumed foods do not provide our
nutrients of interest. Cow milk is the most commonly consumed food that contains our
nutrients of interest and is therefore driving our score. As such, this approach reflects both
nutrient intake and real foods consumed without making any assumptions about patterns of
consumption or which factors will be most important for health outcomes.
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Many of the infants participating in the Kabeho study did not achieve the recommended
nutrient intake for zinc, retinol, or calcium yet they exceeded the recommended intake of
protein. This is consistent with a cow milk-based weaning diet. One cup of whole milk
contains 7.6 g of protein and 1 mg of zinc. As such, while protein and zinc tend to be
consumed together, two cups of milk a day would result in excess protein intake but
insufficient zinc intake. Both the WHO and the American Academy of Pediatrics
recommend against feeding infants under the age of one year whole cow milk (American
Academy of Pediatrics, 1992; Martin, Ling, & Blackburn, 2016; Saadeh, Prinzo, Gegout, &
Kunal, 2014). Much of the reason for these recommendations is that whole cow milk does
not provide the necessary amount of iron, folate and other nutrients to support healthy infant
development (Leung & Sauve, 2003; Seper et al., 2015). High protein density of early food
is related to increased weight status in infants and young children, but the relationship
between absolute protein intake and future body mass index remains unclear (Gunther,
Buyken, & Kroke, 2007; Koletzko et al., 2009; Scaglioni et al., 2000).

Intake of nearly all nutrients considered weighted heavily onto the absolute CWFI. This is as
expected because infants eating larger quantities of nutrients are expected to eat more of all
nutrients. However, it is surprising that this quantification of diet was not related to growth.
One possible explanation for this is that the absolute CWFI is less related to cow milk
consumption than is the density CWFI. The difference in cow milk consumed by the highest
and lowest tertile of CWFI is much less than the difference in the amount consumed by the
highest and lowest tertile of density CWFI. The absolute CWFI therefore reflects different
aspects of the weaning diet than the density CWFI, and these are influential in determining
growth outcomes. This is one of the major drawbacks of our data driven approach: we
identify dietary patterns that are observed in the population, but we do not know a priori if
these patterns are related to health outcomes.

In contrast, the density CWFI shows that the common weaning foods have more zinc,
protein, calcium, thiamine, and retinol per 1,000 kilocalories than less common foods but
less folate and iron. This too is consistent with the use of milk as a common weaning food.
The inverse relationship between the density CWFI and iron reflects the concern of the
WHO and the American Academy of Pediatrics that cow milk may not meet infants’
nutritional needs.

However, among breastfed infants, those with a low density CWFI, i.e. those consuming less
cow milk, and high caloric intake develop the most severe growth deficits by 11 months.
Although LAZ among the other three combinations of density CWFI and caloric intake
levels are similar, WLZ is close to the WHO standard for those who have low caloric intake,
regardless of CWFI at this time.

We must acknowledge one major limitation to this study; there is no comparator with
unexposed infants. Mothers in the Kabeho study began weaning their infants about a month
earlier than the Rwandan average (Lane et al., 2019). Similarly, in Uganda, HI\V-positive
women breastfed their infants less than HIV-negative women (Okong et al., 2010). This
likely reflects concern regarding HIV transmission via breastmilk; however, there is no
reason to believe that there were any other differences in the weaning diet of these infants
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relative to other Rwandan infants. The foods consumed by Kabeho infants are similar to
those which characterize the Rwandan weaning diet as reported in the DHS (National
Institute of statistics, et al., 2015). In other east African populations, beans and porridge are
also common weaning foods (Ekesa et al., 2019; Poggensee et al., 2004). Therefore, we
believe that patterns of nutrient intake and CWFI scores identified here could likely be
replicated in an unexposed, Rwandan population. Nonetheless, there is considerable
variation in the weaning diet across much of east Africa with 59% of Kenyan infants at six
to eight months but only 26% of Tanzanian infants consuming dairy (Gewa & Leslie, 2015).
Cereal and tuber consumption is also highly variable being only 55% in Kenya and 83% in
Tanzania at this time (Gewa & Leslie, 2015). Uganda fell in between these extremes for both
values.

This study has some additional limitations. First, we compare the mean nutrient intake in
this population to the recommendations in Dewey and Brown REF). Their recommendations
are for a population with a moderate level of breastfeeding and we do not measure breast
milk consumption. However, the main purpose of this paper is not to compare intake relative
to an external reference and these values are never used in any formal tests. This comparison
is simply used for descriptive purposes. As such, we consider it to be acceptable. Second,
the model assumes that measurement error is constant over time. Mothers may have learned
that reporting more foods increased their burden when participating in 24-hour recalls.

Consequently, they may have decreased their reporting accuracy over time. Third, this data-
driven approach to identifying patterns of nutrient intake only reflects what is observed in
the population. It does not necessarily highlight all of the nutrients that are most closely
related to growth outcomes. Nevertheless, we believe that the identification of the true
pattern of nutrient intake seen in this population and the determination of its relationship to
growth is of value. We show that infants who follow the standard diet may have worse
growth outcomes early in life, whereas those who continue to rely on breastmilk may have
better outcomes. Finally, our dietary measures may be related with other prenatal or
postnatal factors that could also be influencing growth outcomes.

In the future, policy makers should continue supporting the use of healthy, culturally
appropriate weaning foods that are related to improved infant growth outcomes. Research
should continue to identify culturally acceptable weaning foods that support healthy growth
and development. Efforts to understand the effects of the dietary patterns consumed by real
individuals, rather than dietary patterns developed by nutrition researchers, need to be
strengthened.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Women enrolled in the cohort = 608

. Women terminated before delivery = 8
- Lost after enrollment = 3
- Non-pregnant = 1
| - Mental health issues = 1
- Determined to be HIV-negative = 1
- Consent withdrawn =1
Women at delivery = 600 | - Transferred out of Kigali= 1
1—' . Sets of twins =7
Live-born Infants born = 597 . Live-born infants who died within 2 hours of
birth =3
. Infants who died before 6 weeks = 8
. Transferred out of Kabeho sites = 2
. Consent withdrawn =3
. LTFU =4
Children at ~6 weeks = 577
(96-6%)
. Infants who died before 9 months =9
. Transferred out of Kabeho sites = 11
. LTFU =10
Children at ~9 months = 547
(91-6%)
. Infants wo died before 18 months = 6
. Transferred out of Kabeho sites = 21
. LTFU=6
Children at ~18 months = 514
(86:1%)
. Transferred out of Kabeho sites =5
. Consent withdrawn =9
- . LTFU =47

Children at ~24 months = 453
(75.9%)

Figure 1:
CONSORT diagram of participant recruitment and follow-up.
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Baseline

Maternal Maternal Zinc, Kcal, Protein, Calcium,
age education

Riboflavin, Thiamin, Retinol,

Zinc, Kcal, Protein, Calcium; Zinc, Kcal, Protein, Calcium,

Riboflavin, Thiamin, Retinol, Folate, Riboflavin, Thiamin, Retinol, Folate,

Zinc; Kcaly Protein; Calcium,

Riboflaving Thiaming Retinol; Folate;

Figure 2:
Model for latent variable construction
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Figure 3.

Description of the foods consumed by tertile of CWFI.
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Expected LAZ among non-breastfed infants
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Figure 4.
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Page 18

Patterns in growth by density CWFI, breastfeeding, and caloric intake. Estimated values are
for a male infant whose mother was 29 years old, had 2.4 children, and completed primary
school. High values were defined as the 90th percentile while low values were the 10th.
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TABLE 1

Demographic characteristics of study participants

Characteristic No. (%) or mean (sd)
No. of infants 543
No. of female infants 282 (52%)
Moaternal education
Did not complete primary school 169 (16%)
Completed primary school 653 (61%)
Completed secondary school 253 (24%)
Parity 2.41 (1.45)
Maternal age (years) 29.5(6.1)
LAZ at 6 mo. -1.02 (1.1)
LAZ at 24 mo. -1.52 1(1.0)
WLZ at 6 mo. 0.62 (1.2)
WLZ at 24 mo. 0.42 (1.02)
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Nearly all nutrients weight heavily and positively onto the absolute CWFI, but folate and iron weight
negatively onto the density CWFI.

Table 3:

6-10 mo 11-15 mo 16-20 mo
P- P- P-

Est. value Est. value Est. value
absolute CWFI
Zinc 0.757 <0.001 0918 <0.001 0.931 <0.001
Protein 0.937 <0.001 0975 <0.001 1.000 <0.001
Calcium 0.875 <0.001 0.771 <0.001 0.640 <0.001
Thiamine 0.892 <0.001 0.775 <0.001 0.701 <0.001
Riboflavin  0.253 0.001 0.104 0.013 -0.021  0.623
Retinol 0.790 <0.001 0.629 <0.001 0.544 <0.001
Folate 0.656 <0.001 0.722 <0.001 0.683 <0.001
Iron 0.510 <0.001 0.702 <0.001 0.675 <0.001

CFl1onCFl 2: CFl120onCFI 3:
0.519 0.254
P<0.001 P<0.001
densiy CWFI
Zinc 0.538 <0.001 0.502 <0.001 0.359 <0.001
Protein 0.705 <0.001 0579 <0.001 0447 <0.001
Calcium 0.999 <0.001 0.960 <0.001 1.000 <0.001
Thiamine 0.440 <0.001 0.358 <0.001 0.550 <0.001
Riboflavin  0.017 0.677 0.233 <0.001 0413 <0.001
Retinol 0.893 <0.001 0.871 <0.001 0.771 <0.001
Folate -0.165 <0.001 -0.128 <0.001 -0.137 <0.001
Iron -0.369 <0.001 -0.365 <0.001 -0.405 <0.001
CFl1onCFl 2: CFl20on CFI 3:
0.353 0.440
P<0.001 P<0.001
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