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ABSTRACT 

 
Background 
 
Adequate nutrition during infancy is essential to the development of each child’s full potential 
later in life. The window between birth and two years of age is well known to be a critical 
period for the physical and cognitive growth of infants. As of 2020, among children under the 
age of five, undernutrition has been associated with up to 45% of deaths and 38.3 million 
children are overweight or obese. Suboptimal breastfeeding and complementary feeding 
practices, when combined with infectious diseases, are the leading causes of malnutrition 
during these first two years of life and continue to be highly prevalent, especially in low-and 
middle-income countries (LMICs).  
 
The World Health Organization (WHO) recommends feeding a variety of complementary foods, 
including fruits and vegetables (FV), animal-source foods (ASF), and nuts, pulses, and seeds 
(NPS) in order to meet nutritional demands during this period of rapid growth and 
development. The daily consumption of FV and NPS in particular have been recommended due 
to their association with health benefits. More specifically, FV have been found to be an 
important food group in reducing vitamin A deficiencies, as well as many other vitamin needs. 
NPS offer a significant source of protein and iron (when combined with vitamin C-rich foods) 
and are particularly important in LMICs where ASF that tend to be costly are not as accessible.  
 
This review aims to assess the health, development, and dietary effects of more frequent or 
more varied consumption of FV and/or more frequent or greater amounts of NPS, compared to 
less frequent, varied, or lower amounts of consumption, during the complementary feeding 
period.  
 

Objectives 
 
Primary objectives: To compare i) the effect of more frequent versus less frequent consumption 
of fruits, ii) the effect of more frequent versus less frequent consumption of vegetables, iii) the 
effect of more frequent versus less frequent consumption of NPS, iv) the effect of more varied 
versus less varied consumption of fruits, and v) the effect of more varied versus less varied 
consumption of vegetables, and vi) the effect of more amounts versus less amounts of NPS 
consumption among infants 6-23 months on dietary and health outcomes later in life. 
 
Secondary objective: To determine differences between processed/commercial versus 
fresh/home-prepared fruits and vegetables on dietary and health outcomes. 
 

Search Methods 
 
The search strategy was formulated using the PICO methodology based on medical subject 
headings and key words and run in the following electronic databases: MEDLINE, Embase, 
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CINAHL, African Index Medicus, LILACS, Cochrane CENTRAL, and eLENA (WHO). Searches were 
also conducted for non-indexed, grey literature using Google Scholar and select organizational 
websites, as well as reference lists of all relevant systematic reviews captured in the search 
strategy. All search results were screened in duplicate. 
 

Selection Criteria 
 
The criteria for considering studies into this review were as follows: healthy male and female 
children aged 6-23 months from any LMIC or high-income country; consumption of FV and/or 
NPS that has been reported in terms of frequency, variety, or amount; and the study must have 
measured a primary or secondary outcome of interest.  
 
Exclusion criteria: recruitment of “unhealthy” child populations; and qualitative studies or 
reviews.   

 
Data collection and analysis 
 
Four review authors extracted data into a piloted excel sheet and completed risk of bias 
assessments for each included study (in duplicate). Any disagreements were resolved through 
discussion or by a third reviewer. Individual studies were critically appraised using the Cochrane 
Risk of Bias-2 (ROB-2) tool for randomized controlled trials and cluster-randomized controlled 
trials, the NIH tool for observational cohort and cross-sectional studies, and the ROBINS-I Tool 
for non-randomized studies.  
 
All experimental and observational study data were analyzed separately. Conducting meta-
analysis was not possible for any outcome, given the heterogeneity across studies in food group 
item consumed, outcome metrics, and frequency categories. As such, a narrative synthesis was 
conducted across all exposures and outcomes. 

 
Results 
 
Study characteristics: We included six studies that analyzed data from 23,346 children that 
ranged from 6 months to 23 months of age at time of enrollment. The included studies took 
place in Senegal, Brazil, Indonesia, China, and Norway (n=2). All of the included studies were 
observational by design, where five of the included studies were cross-sectional studies and 
one was a longitudinal cohort study, and thus we were unable to establish causal inference 
with outcomes. All six studies looked at frequency of consumption of vegetables, five studies 
looked at frequency of consumption of fruits, and two studies looked at frequency of 
consumption of NPS. It should be noted that none of our included studies looked at the 
association between differing varieties or amounts of FV or NPS on dietary and health 
outcomes. Furthermore, no studies have looked at NPS consumption beyond legumes. The 
following outcomes were reported: wasting, underweight, stunting, linear growth, height-for-
age z-score (HAZ), iron status, anemia, and changes and stability in FV intake later in life.  
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Certainty of evidence: Overall, we rated all six studies as having a very low certainty of 
evidence.  

Key results: We found one very low certainty cross-sectional study conducted in 3 sub-districts 
of Aceh Besar District, Indonesia that reported no association between varying frequencies of 
consumption of dark green leafy and orange vegetables, fruits, or legumes and wasting, 
underweight, and stunting. We found one very low certainty cross-sectional study conducted in 
a mixture of urban and rural locations in China, that demonstrated an association between less 
frequent consumption of FV and greater prevalence of stunting and underweight. We found 
one very low certainty cross-sectional study conducted in rural Senegal that points to an 
association between lower HAZ and less frequent consumption of vegetables/leaves and fruit. 
The same study reported that more frequent fruit consumption was positively associated with 
linear growth. However, contrary to our expectation, this study also showed that frequent 
consumption of vegetables had an inverse relationship with linear growth. We found one very 
low certainty cross-sectional study conducted in urban Norway that reported an association 
between greater consumption of vegetables and greater likelihood of having low ferritin values 
(<20μg/L). However, these findings were inconsistent, as this relationship was not seen for 
those eating vegetables at an even higher frequency, and there was no significant relationship 
observed between the feeding frequency of vegetables and the likelihood of having very low 
iron stores (ferritin <15μg/L). We found one very low certainty cross-sectional study conducted 
in urban Brazil that reported no association between consumption of dark green vegetables, 
fruit (consumption in past 24 hours vs not) or beans and anemia prevalence. However, when a 
different frequency metric was used for fruits, specifically daily vs less than daily, less fruit 
consumption was associated with higher anemia prevalence. Lastly, one very low certainty 
longitudinal study conducted in a mixture of urban and rural locations in Norway demonstrated 
that overall FV consumption at 18 months was positively associated with overall FV 
consumption at both 36 months and 7 years of age.  

Author’s conclusions 
 
The findings from this systematic review aimed to inform the development of the updated 
WHO infant and young child feeding guidelines along with country-specific policies and 
programmes relating to complementary feeding. However, this review found a lack of relevant 
and good quality data, where no causal relationship could be established between the 
exposures and outcomes reported, on which to base practice and policy at this time. Instead, it 
has highlighted a major gap in the evidence, underscoring the need for more research of higher 
quality to be conducted related to this topic.  
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BACKGROUND 

 

The Problem, Condition, or Issue 
 
Adequate nutrition during infancy is essential to the development of each child’s full potential 
later in life.1 The period between birth and two years of age is known as a “critical window” as it 
is one of the most important periods of physical and cognitive growth for infants and a time 
where their development is exceptionally vulnerable to insults such as those resulting from 
poor diet and disease.1,2 Longitudinal studies have consistently shown that poor diet during 
these formative years can lead to morbidity, mortality, and delayed motor and mental 
development in the short-term.1,3 In the long-term, impaired intellectual performance, work 
capacity, poor reproductive and overall health outcomes can lead to significant loss of human 
capital in the later years of life.1,4,5  
 
Malnutrition in children is comprised of both undernutrition (stunting and wasting) and 
overnutrition (overweight and obesity). Both under- and overnutrition may be associated with 
micronutrient deficiencies. Undernutrition is associated with up to 45% of deaths among 
children under the age of 5; as of 2020, 47 million children under the age of 5 are wasted, 14.3 
million are severely wasted, and 144 million are stunted.6  Additionally, 38.3 million children 
under the age of 5 are overweight or obese.6 Of the major micronutrient deficiencies, vitamin 
A, zinc, iron, and iodine are of most concern, as they have been linked to the largest 
proportions of years of life lost and disability adjusted life years.7,8  
 
Poor breastfeeding and complementary feeding practices, in combination with infectious 
diseases, are the principal causes of malnutrition during the first two years of life.1 Exclusive 
breastfeeding is recommended until an infant is 6 months of age. Complementary feeding 
refers to the period in which breastmilk only is no longer considered sufficient to meet the 
nutritional requirements of the growing infant and thus other foods and liquids are needed 
alongside breastmilk to achieve optimal growth and development.1 There are two types of 
complementary foods: specially prepared foods and typical family foods that have been 
modified for the infant.9 For example, a caregiver may specially prepare a porridge dish for the 
infant, while the rest of the family consumes a nut stew. When the infant is a bit older, the 
caregiver may mash the nut stew into a different consistency and texture, making it easier for 
the infant to consume the family food.9 Although breastfeeding may continue past 2 years of 
age, complementary feeding is typically targeted to infants from 6 to 23 months, after which 
they are expected to consume family foods. While the numerous benefits of continued 
breastfeeding (>6 months) are well understood, suboptimal complementary feeding practices 
are still highly prevalent, especially in low- and middle-income countries (LMICs).10-14  
 

The Intervention 
 
Based on an average intake of breastmilk among healthy infants, the energy needs from 
complementary foods are estimated to be about 200 kcal per day for infants aged 6-8 months, 
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300 kcal per day for infants 9-11 months, and 550 kcal per day for infants 12-23 months.1 This 
translates into a meal frequency of 2-3 times per day for the youngest infants (6-8 months) and 
3-4 times per day through the rest of the complementary feeding period.1 For non-breastfed 
infants, the energy needs from complementary foods are estimated to be about 600 kcal per 
day for infants 6-8 months, 700 kcal per day for infants 9-11 months, and 900 kcal per day for 
infants 12-23 months.15 For non-breastfed infants, the meal frequency is defined as 4-5 times 
per day throughout the entire complementary feeding period (6-23 months)15,16 However, 
needs will vary depending on breastmilk intake, growth rates, and other factors, such as illness 
and environmental conditions. The World Health Organization (WHO) also recommends feeding 
a variety of complementary foods, including fruits and vegetables (FV), animal source foods 
(e.g., meat, poultry, dairy products, eggs), as well as nuts, pulses, and seeds (NPS) in order to 
meet nutritional demands during this period of rapid growth and development.1,17  
 
Complementary foods need to provide enough energy, protein, and micronutrients to ensure 
that in combination with breast milk, the infant is meeting all their energy and nutrient needs 
for optimal growth and health. Given the low quantity of foods that are typically consumed, it is 
especially important that they are nutrient-dense. While vegetarian diets are not advised 
because of their inability to provide adequate amounts of some micronutrients, the daily 
consumption of FV and NPS is recommended due to its association with health benefits.1,18 
Notably, vitamin A-rich fruits and vegetables are important for reducing vitamin A deficiencies 
in infants and have been found to meet many other vitamin needs.1,19 Similarly, NPS can offer a 
significant source of iron when consumed with vitamin C-rich foods.18  
 
Typically, an infant will consume a staple food (e.g., cereals, roots, or starchy fruits) that 
provides them with most of their energy needs. In addition to this staple, a mixture of foods 
such as NPS, foods from animals, dark-green leaves or orange-coloured FV, and oils, fats, and 
sugars need to be consumed in order to fill the remaining energy and nutrient requirements. FV 
in particular play a major role in filling this nutrient gap. For example, an infant 6-23 months old 
only needs to consume 1 tablespoon of sweet potato in order to meet their vitamin A needs for 
one day.9  
 
It is important that consumption of any complementary food, including FV and NPS, is not 
excessive to the point that breastfeeding frequency is reduced. For example, a social marketing 
campaign in Guatemala found that promoting complementary feeding 5 times per day had the 
unintended consequence of displacing necessary breastfeeding, whereby average daytime 
breastfeeding reduced from 6.9 feedings to 3.7 feedings from pre-intervention to post-
intervention time points (p=0.01).20 In addition, food preparation and feeding a young infant 5 
times per day takes a considerable amount of effort and time from the caregiver, leading them 
to potentially use the same prepared food from one meal to the next. This may increase the risk 
of microbial contamination, as well as reduce dietary diversity, and needs to be considered 
when discussing appropriate meal frequency during complementary feeding.1   
 
This review assesses whether more frequent or more varied consumption of FV and/or more 
frequent or greater amounts of NPS, compared to less frequent, varied, or amounts of 
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consumption, is beneficial for the growth and development of an infant during the 
complementary feeding period.  
 

How the intervention might work  
 
FV are an essential source of nutrients and vitamins that are vital to health and growth, such as 
potassium, folate, fiber, vitamin A, vitamin C, vitamin K, and many phytochemicals.21-22 For this 
reason, caregivers are recommended to offer FV when complementary foods are introduced to 
a milk-based diet.23 Repeated exposure to FV during infancy has been associated with better 
acceptance and improved intake later in childhood.17,24-28 A prospective longitudinal study from 
England with 7,821 participants showed that exposure to home-prepared FV during the early 
stages of complementary feeding was positively associated with increased frequency and 
variety of intake of these foods later in life at age 7.29 Similarly, data from another longitudinal 
study carried out in the US with 1,542 participants found that infrequent consumption of FV 
during the first year of life was associated with low FV intake at 6 years of age.23   
 
Despite our understanding of the benefits of consuming FV during this critical window, several 
studies have shown that at the population-level, FV intake during the complementary feeding 
period remains low.23,30-31 Instead, FV are replaced with high energy, nutrient-poor, and 
processed items such as sweet foods and sugary drinks.23,30-31 This is not only associated with 
negative consequences on short and long-term health and nutrition outcomes, as low FV intake 
is a major risk factor for micronutrient deficiencies, mortality, and chronic diseases (e.g., 
cardiovascular disease, cancers, and type-2 diabetes),32 but may also reduce the acceptance of 
these foods and negatively influence eating behaviors later in life.24-28   
 
NPS provide important macronutrients (energy, protein, essential fats, and fiber) and 
micronutrients (e.g., iron, zinc, etc.). Iron is the largest nutrient gap in infants 6-23 months old, 
where 43% (273 million) of children globally less than 5 years old were found to be anemic in 
2011.33 Iron, especially bioavailable iron, is most abundant in animal sourced foods such as 
meat, poultry, or fish. However, NPS are another important source of iron when combined with 
other foods rich in vitamin C that allow for improved absorption of iron by the body.18 In 
addition to an infant’s iron needs, NPS are also a good source of protein, an important 
macronutrient. NPS are a particularly important food group in low-income populations, as they 
can add nutritional value to diets when animal source foods, which tend to be costly, are not 
accessible. Their long storage life and relatively low cost make them a key source of protein, 
energy, and micronutrients, particularly in low and middle-income countries.  
 
Concerns around allergies can be a reason why commonly allergenic foods, such as nuts (e.g., 
peanuts), are not introduced early to a child. However, there is accumulating evidence to 
suggest that delays in introduction may actually promote the development of, versus prevent, 
the allergy.17,34 Another common concern around the provision of NPS to infants includes 
choking; though, parents are advised to puree or mash the nut or seed into a paste, thereby 
allowing the child to consume the food safely while receiving the nutritional value that NPS 
provides.  
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Why it is important to do this review  
 
Complementary feeding is a critical time of transition for an infant, and inappropriate 
complementary feeding practices are associated with adverse short- and long-term health and 
nutrition outcomes. Studies from across the globe consistently show that most infants do not 
consume the recommended amounts of FV and NPS, contributing to widespread nutrient and 
vitamin deficiencies.10-14, 35-37 However, to date, there have been no reviews assessing the effect 
of more frequent or varied consumption of FV and/or more frequent and greater amounts of 
NPS, compared to less frequent, varied, or amounts of consumption, during the complementary 
feeding period on dietary and health outcomes. What literature does exist reports on incidence 
of FV and/or NPS intake, or interventions to improve consumption of these foods during the 
complementary feeding period (e.g., educational interventions aimed at improving 
complementary feeding practices). Specific guidance around the optimal frequency and 
variation in types of FV and NPS that should be consumed is lacking. We therefore seek to 
assess the dietary and health outcomes that are associated with more versus less frequent, 
varied, and amounts of consumption of these food groups. Findings from this review will help 
to inform the development of the updated WHO Infant and Young Child Feeding (IYCF) 
guidelines, along with future policies and programmes that relate to complementary feeding. 
This will have important implications for the health and wellbeing of infants, with lasting effects 
throughout the life course. 
 

OBJECTIVES 

 
The primary objectives of this systematic review are to compare: i) the effect of more frequent 
versus less frequent consumption of fruits, ii) the effect of more frequent versus less frequent 
consumption of vegetables, iii) the effect of more frequent versus less frequent consumption of 
NPS, iv) the effect of more varied versus less varied consumption of fruits, and v) the effect of 
more varied versus less varied consumption of vegetables, and vi) the effect of more amounts 
versus less amounts of NPS consumption among infants 6-23 months on dietary and health 
outcomes later in life. 
 
Secondary objectives of this review are to determine differences between 
processed/commercial versus fresh/home-prepared fruits and vegetables on dietary and health 
outcomes. 

 

METHODS 
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PICO Criteria for considering studies for this review  
 
 
Types of Participants 
 
Healthy male and female children aged 6-23 months, living in any low-, middle-, or high-income 
country. Studies were excluded if the infant population was considered unhealthy and infants 
were recruited based on this criterion. This includes, but is not limited to, infants with acute or 
chronic conditions/diseases, such as malnutrition, diarrhea or human immunodeficiency virus 
(HIV), and infants born preterm, small-for-gestational age (SGA) or low birthweight (LBW). 
Though our aim was to include healthy infants under two years of age, given the high burden of 
some of these conditions in certain populations globally, we recognize that malnourished 
infants and infants born preterm, SGA, or LBW are most likely included in the overall sample.  
  
Types of Interventions & Comparators 
 
Studies were eligible for inclusion if they: i) measured and reported data on consumption 
practices (reported as frequency, variety, and/or amount of food consumed) during the 
complementary feeding period; ii) examined consumption of FV or NPS (e.g., legumes, beans, 
lentils, peas); and iii) reported a relevant primary or secondary outcome (noted below). 
 
We aimed to define frequency, variety and amount exposures for FV and NPS as follows:  

● Frequency: none, once daily, 2-3 times per day, 3-4 times per day, >4 times per day, 1-3 

times weekly, 4-6 times weekly, served either as meals or snacks.  

● Variety: one type of food item per day, 2 different types per day, 3 different types per 

day or, >3 different types per day. These same variety exposures were evaluated on a 

per week basis as well.  

● Amount, based on energy requirements by age: 

o 6-8 months: <137 grams (g) per day, 137-187 g/day, >187 g/day, OR 

<200kcal/day, ≥200 kcal/day 

o 9-11 months: <206 g/day, 206-281 g/day, >281 g/day, OR 9-11 months: <300 

kcal/day, ≥300 kcal/day 

o 12-23 months: <378 g/day, 378-515 g/day, >515 g/day, OR <550 kcal/day, ≥550 

kcal/day 

The type of milk provided during the complementary feeding period was not a consideration for 
study selection (e.g., breast milk, animal milk, infant formula, or mixed).  
 
The comparison for frequency, variety, and amount exposures for FV and NPS foods were as 
follows:  

● Less frequent or varied consumption of fruits and/or vegetables 
● Less frequent consumption or lower amounts of nuts, pulses, and/or seeds 
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Types of Outcome Measures 
 
Primary outcomes: 
 

1. Subsequent consumption of food items across the two food groups at 1 year, 2 years, 3 

years, 4 years, 5 years, and beyond 5 years of age. 

2. Nutrient adequacy (e.g., protein intake and quality, micronutrient intake, choline and 

essential fatty acids) or nutrient excess (e.g., saturated fat, protein, sodium, 

fibre/phytate by type, fats), as reported by the study authors. 

3. Nutrient status at study endline (blood concentration of vitamin A, vitamin C, vitamin D, 

vitamin E, B vitamins, zinc, iron, folate, selenium, lutein, carotenoids, iodine, fatty acids 

(omega 3 and 6); anemia; antioxidants. 

4. Anthropometric outcomes, including stunting (height-for-age z-score < -2 SD), wasting 

(weight-for-age < -2 SD), overweight (weight-for-height > 2 SD), and obesity (weight-for-

height > 3 SD), as defined by the WHO Growth Standards.38  

5. Anthropometric indices as continuous outcomes were also included and evaluated.  

6. Child development (as defined by authors). 

7. Contaminants within foods consumed (e.g., aflatoxins), as reported by the study 

authors. 

8. Displacement of other foods/dietary adequacy, as reported by study authors. 

Secondary outcomes: 
 

1. Food/taste preferences later in life. 

2. Markers of lipid profiles (e.g., total cholesterol, triglyceride, low-density lipoprotein, 

high-density lipoprotein) at endline or latest follow up. 

3. Markers of inflammation (e.g., C-reactive protein, plasminogen activator inhibitor-1) at 

study endline or latest follow-up. 

4. Markers of gut health (e.g., Bifidobacterium, Clostridia, short chain fatty acids, 

environmental enteric dysfunction, microbiome) at study endline or latest follow-up. 

5. Adverse effects, as reported by the study authors. 

6. Morbidity (infectious). 

7. Food-borne illness (not related to storage and handling). 

8. Bone health, as defined by authors. 

9. Oral health, as defined by authors. 

10. Adverse events (e.g., choking). 

According to the GRADE framework, eight highest ranked outcomes were included and 
considered for quality of evidence and strength of recommendation. 
 
Table 1. Relative Importance of Study Outcomes 

Outcome Score Importance 
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Wasting 8 Critical 

Underweight 8 Critical 

Stunting 8 Critical 

Anemia 8 Critical 

HAZ 7 Critical 

% Stability and change in 
vegetable/fruit consumption 

7 Critical 

Linear growth 5 Important 

Ferritin <20μg/L 5 Important 

 
Types of Settings 
 
All settings within any low-, middle-, or high-income country were considered for this review.  
 
Types of Studies  
 
The types of studies included were primary studies of experimental design and observational 
design. Eligible study designs included randomized controlled trials (RCTs; cluster or individually 
randomized), non-randomized controlled trials, cohort studies (prospective and retrospective), 
cross-sectional studies, and case-control studies. Qualitative studies and reviews were excluded 
from this review.  

 
Search Methods for Identification of Studies 
 
Reporting and Protocol 
The protocol for this review was registered with the International Prospective Register of 
Systematic Reviews (PROSPERO#: 203655).  
 
Electronic searches 
 
Our search strategy was formulated using the PICO methodology based on medical subject 
headings (MeSH) and key words (see appendix A for Medline search strategy). The search 
strategy was designed to capture studies evaluating the two food groups of interest (FV and 
NPS), along with animal-source foods (ASF).  Studies were screened together until the analysis 
stage, at which point included studies were analyzed separately for each food group. This 
report will focus on the FV and NPS. Synthesis and findings from the ASF studies will be 
reported in a separate report.  
 
Electronic searches were conducted in the following databases:  

● MEDLINE 
● Embase 
● CINAHL 
● African Index Medicus (AIM) 
● LILACS 
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● The Cochrane Central Register of Controlled Trials (CENTRAL) 
● eLENA (WHO) 

 
Searches were also conducted in non-indexed, grey literature using Google Scholar and select 
organizational websites including UNICEF, Nutrition International, the Global Alliance for 
Improved Nutrition, Helen Keller International, and the CDC. These organizations were chosen 
based on their relevant work in the areas of infant and child diet and nutrition. There were no 
restrictions on publication date or language. The date of the final search was October 7, 2020.  
 
Searching other sources 
 
We searched the reference lists of all relevant systematic reviews captured during our 
electronic search for other studies that may not have been captured through this search 
strategy. In addition, the WHO’s Guideline Development Group reviewed our list of included 
studies and provided suggestions for additional studies to screen.  
 

Data Collection and Analysis 
 
Selection of studies 
 
Studies for title and abstract screening and full-text screening were managed using Covidence, 
a web-based software platform for systematic reviews. At both title/abstract and full-text 
screening stages, four review authors (CO, KC, KR, LH) independently scanned and screened all 
records retrieved by the searches for relevance based on selection criteria (see Table 2). Any 
disagreements were resolved through discussion or by a fifth review author when necessary. 
The selection process can be viewed in a flow diagram (see Figure 1).  
 
Table 2. Inclusion and Exclusion Criteria 
 

Inclusion Criteria 

● Low-, middle-, or high-income country 

● Healthy male and female children aged 6-23 months who have consumed 
fruits/vegetables, or nuts/pulses/seeds 

● Types of interventions 
o Consumption must have been reported in terms of frequency or variety for 

fruits/vegetables; and frequency/amount for nuts/pulses/seeds 

● Relevant study designs:  
o Randomized controlled trials (RCTs) 
o Non-randomized controlled trials (NRTs) 
o Cohort studies 
o Case-control studies 
o Cross-sectional studies 

● Study measures a primary or secondary outcome of interest 
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Exclusion Criteria 

● Recruitment of “unhealthy” child populations, including but not limited to acute 
or chronic conditions/diseases, genetic diseases, malnutrition, diarrhea, or HIV 

● Irrelevant study designs: reviews, qualitative studies 

 
 
Data extraction and management  
 
Four review authors (CO, KC, KR, LH) independently extracted data from each included study 
onto a standardized data extraction form in Excel that had been piloted. All studies were 
matched between the four review authors, and any disagreements or discrepancies were 
resolved through discussion, or by a fifth independent reviewer.  
 
We extracted the following information from each included study: source (e.g., contact details); 
study characteristics (e.g., study design, location of study, years of data collection, etc.); 
population characteristics (e.g., age, sample size, nutritional information at baseline, 
breastfeeding status, etc.); intervention/comparison characteristics (e.g., exposure, tools used 
for measurement, etc.); outcomes (e.g., food frequency data, methods/tools used, age at 
outcome assessment, etc.); data analysis methods; control of confounding; funding obtained, 
and any conflict of interests.  
 
Non-English language studies that were included in this review were translated from 
Portuguese (n=1) and Chinese (n=1) to English. Where any information was unclear, seemed 
incorrect, or missing, we contacted the authors for missing details (n=3).  
 
Assessment of risk of bias in included studies  
 
Quality assessments of included studies were conducted independently by four review authors 
(CO, KC, KR, LH). Any discrepancies between reviewers were resolved through discussion or by 
a fifth reviewer. Individual studies were critically appraised using the Cochrane Risk of Bias-2 
(ROB-2) tool for randomized controlled trials and cluster-randomized controlled trials,39 the NIH 
tool for observational cohort and cross-sectional studies,40 and the ROBINS-I Tool for non-
randomized studies.41   
 
The Cochrane Risk of Bias-2 tool assesses RCT studies for risk of bias in the following domains: 
randomization process, deviations from the intended interventions, missing outcome data, 
outcome measurement, and the selection of the reported results. An overall risk of bias 
judgement was given to each study (low, high, some concerns).  
 
Using the NIH tool, observational studies were rated good, fair, or poor, based on fourteen 
criteria covering the research question, participant population, analyses, timeframe, 
independent and dependent variables, attrition, and control of confounding variables.  
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The ROBINS-I tool assessed non-randomized trials in the following domains: bias due to 
confounding, bias in selection of study participants, bias in classification of interventions, bias 
due to deviations from intended interventions, bias due to missing data, bias in measurement 
of outcomes, and bias in selection of the reported results. Each study was given an overall risk 
of bias judgement (low, moderate, serious, critical). See Appendix B for further details about 
the quality assessment tools utilized in this review.  
 
Grading Certainty of Evidence 
 
The GRADE tool was used to assess the certainty of evidence for selected outcomes. The 
following outcomes were graded: wasting, underweight status, stunting, anemia, HAZ, % 
stability and change in vegetable and fruit consumption, linear growth, and ferritin <20μg/L.  
 
The certainty of evidence was rated (very low, low, moderate, high) for each outcome in 
accordance with the GRADE framework. Evidence was downgraded based on five factors: risk of 
bias, inconsistency, indirectness, imprecision and publication bias. The criteria and reasons for 
downgrading were provided in explanatory footnotes in the GRADE tables. GRADE assessments 
are summarized in the Appendix C: Table C1: GRADE table for vegetables, Table C2: Grade table 
for fruit, Table C3 GRADE table for legumes and beans and Table C4 GRADE table for fruit and 
vegetables combined.  
 
 
Data Synthesis 
 
All experimental and observational study data were analyzed separately. Conducting meta-
analysis was not possible for any outcome, given the heterogeneity across studies, including 
food group item, outcome metrics, and frequency categories. As such, a narrative synthesis was 
conducted for the FV and NPS food groups. Subgroup analyses according to age groups (6-8 
months, 9-11 months and 12-23 months) was also not possible given the sparse and 
heterogeneous data.  
 

RESULTS  

 

Description of Studies 
 
Results of the Search 
 
Our searches generated 31,124 records, of which 6 studies could not be retrieved from the 
CINAHL database. After removal of duplicates, we title/abstract screened 21,609 records, of 
which 535 studies were found to be potentially eligible for inclusion. Of these, 6 studies met 
our inclusion criteria for the FV/NPS review.  See Figure 1 for study flow diagram.  
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Figure 1. Study flow diagram  

 
Included Studies 
 
We included six studies that analyzed data from 23,346 children from Senegal, Brazil, Indonesia, 
China, and Norway (n=2).42-47  
 
See Appendix D for Study Demographics Table for further detail.  
 
Study Design 
 
Five of the included studies were cross-sectional studies 42-46 and one was a longitudinal cohort 
study.47  
 
Location 
 
Four studies were conducted in the following LMICs: Senegal, Brazil, Indonesia, and China.42,44-46 
Two studies were conducted in Norway.43,47 One study was conducted in a rural location,45 two 
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studies were conducted in urban locations,43,46 two studies were conducted in a mix of urban 
and rural locations,44,47 and one study did not report on setting.42  
 
Participants  
 
There were a total of 23,346 children in the included studies that ranged from 6 months to 7 
years of age. Children were 6 to 23 months of age at the time of enrollment.  
 
Description of Intervention  
 
All six studies looked at frequency of consumption of vegetables.42-47 Five studies looked at 
frequency of consumption of fruits.42,44-47 One study looked at frequency of consumption of 
pulses46 and one study looked at frequency of consumption of legumes.42  
 
Frequency was defined differently in all 6 studies (for more detail see Appendix E for Detailed 
Study Characteristics of Included Studies Table). No studies reported on variety of FV or amount 
of NPS consumption.  
 
In two of the studies, 24hr recalls were used to assess frequency of consumption of foods,42,45 
while another two used a food frequency questionnaire (FFQ) to assess frequency of 
consumption of foods over a week.43,47 In one of the studies, both a 24hr recall and a FFQ that 
assessed food consumption over a week, were used.46 In one study, no detail was provided on 
what tool was used to measure the exposure.44  
 
Outcomes 
 
Wasting, Underweight, and Stunting 
 
One study reported wasting, underweight, and stunting prevalence based on body weight and 
recumbent length measurements.42 Using the WHO definitions, underweight was defined as a 
weight-for-age z-score (WAZ) more than 2 standard deviation (SD) below the median (e.g., <-2 
SD), wasting as a weight-for-length/height z-score (WLZ or WHZ) more than 2 SD below the 
median, and stunting as a length/height-for-age z-score (LAZ or HAZ) more than 2 SD below the 
median.  
 
Another study reported the association between varying frequencies of FV consumption with 
stunting and underweight.44 Stunting and underweight were defined based on WHO definitions, 
as described above.  
 
HAZ and Linear growth 
 
One study reported mean HAZ and linear growth based on recumbent height measurements.45  
 
Anemia 
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One study reported anemia prevalence, defined as hemoglobin <11 g/dL,46 WHO-defined 
hemoglobin cut-off for children 6 - 59 months.48  
 
Iron Stores 
 
One study reported on iron stores based on serum ferritin levels.43  
 
Changes and stability in tracking FV intake 
 
One study reported on stability and changes (increase and decrease) in FV consumption from 
18 months to 36 months and 18 months to 7 years old in the same group of children.47  
 
Excluded Studies 
 
We excluded 493 studies. The most common reason for exclusion was that frequency, variety, 
or amount were not measured or reported in the data (n=259). 123 studies were excluded as 
they were abstracts only, 55 studies did not include our population of interest (e.g., children 
were unhealthy or not within the correct age range), 24 did not report outcomes or were not 
outcomes of interest, 12 studies provided an intervention that was not of interest, 12 were the 
wrong study design (e.g., qualitative), 4 turned out to be duplicates, and there were 2 ongoing 
trials.   
 
Studies awaiting classification  
 
We assessed two ongoing registered clinical trials as potentially eligible for inclusion 
(NCT0263474949 and PACTR20190681996055450). 
 
Two additional studies met our inclusion criteria, but we were unable to extract data in a usable 
form, as it was represented in graphs and could only be extracted as approximate values. 
Primary authors of both studies were contacted for data.51,52 
 

Risk of Bias in Included Studies 
 
Overall, we rated four of the included studies as having a high risk of bias/poor quality,43-44,46-47 

one study was rated as having a medium risk of bias/fair quality,45 and one study was rated as 
having a low risk of bias/good quality42 for internal validity based on the fourteen key concepts 
described below.  
 
See Appendix F for risk of bias ratings for each included study. 
 
Research question 
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In all six studies, the authors clearly described and defined their goal in conducting their 
research. Thus, there was a low risk of bias detected in all studies relating to the research 
question.42-47  
 
Study population 
 
In two of our included studies, the study population was clearly defined, and the participation 
rate of eligible persons was at least 50%.42,45 These two studies had low risk of bias relating to 
the study population.  
 
In one study, the study population was not specified or clearly defined, however the 
participation rate did appear to be at least 50% of eligible persons.43 The remaining three 
studies both had unspecified study populations that were never clearly defined and did not 
have at least 50% of eligible persons participate, or were unclear.44,46-47 For the three studies 
without 50% of eligible persons participating, there is increased risk of bias that the study 
population does not adequately represent the target population. Furthermore, for all four 
studies with unspecified target populations or study populations that were never clearly 
defined, it would be challenging to re-conduct these studies given the limited information on 
who to recruit, therefore we have scored them as having a high risk of bias.   
 
Groups recruited from the same population and uniform eligibility criteria 
 
For four of our included studies, the same eligibility criteria appeared to be applied for all 
subjects involved and the criteria included recruitment from the same population where 
applicable.42-43,45-46 These four studies have a low risk of bias in this domain. For the remaining 
two studies, almost no detail is given on the study populations. For one study, the only detail 
provided on eligibility criteria was, “Any pregnant women recruited during the data collection 
timeframe”.47 For the second study, there was no detail provided on eligibility criteria.44 These 
two studies present a high risk of bias in this domain.  
 
Sample size justification  
 
Only one study provided a sample size justification,42 while the remaining five did not.43-47 
However, given the observational design of these studies and their exploratory analyses, this 
was not considered a significant limitation or major source of bias.  
 
Exposure assessed prior to outcome measurement 
 
Given five of these studies are cross-sectional by design, the majority of our included studies 
did not assess the exposure prior to measurement of the outcome but rather this was done 
simultaneously.42-46 Although this does not increase risk of bias, it does provide overall weaker 
evidence and for these five studies no causal relationship can be described between the 
exposure and outcome. The remaining study was a longitudinal cohort that did successfully 
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assess the exposure prior to measurement of the outcome,47 resulting in a low risk of bias for 
this domain.  
 
Sufficient timeframe to see an effect 
 
Once again, given that the majority of our included studies are cross-sectional by design, these 
five studies did not allow time to see an effect but rather measured the exposure and outcome 
simultaneously.42-46 The remaining study allotted a timeframe from 18 months to 7 years of age 
to detect an effect in changes and stability of FV consumption.47 This is a sufficient and lengthy 
timeframe for an effect to be observed and thus presents low risk of bias in this domain.  
 
Different levels of the exposure of interest  
 
One of the eligibility criteria for this review was consumption of FV and/or NPS reported in 
terms of frequency, variety, or amount. Because of this, all six studies report different levels 
(different frequencies) of the exposure of interest.42-47 Thus, there is low risk of bias for all 
included studies in this domain.  
 
Exposure measures and assessment  
 
For three of our included studies, the exposure measure was clearly defined, valid, reliable, and 
implemented consistently across all study participants using either a 24hr recall or a FFQ.42-43,45 
For these studies, there is low risk of bias in this domain. In two of the studies, both a FFQ and 
24hr recall were used to assess the exposure, however, no details were provided on the validity 
or reliability of these tools.46-47 The remaining study did not provide any detail on the exposure 
measures.44 Thus, without detailed information on these tools it must be assumed that they are 
not valid or accurate, and so we conclude a high risk of bias for these three studies in this 
domain.  
 
Repeated exposure assessment 
 
For two of our included studies the exposure was assessed at three different time points.42,47 
This allowed for a more detailed look at changes in the exposure over time and more robust 
findings from the analyses conducted, providing a low risk of bias for these two studies in this 
domain. For four of the studies, the exposure was only assessed at one time point as these 
studies were cross-sectional by design.43-46 Thus, this was not considered a significant limitation 
or major source of bias.  
 
Outcome measures 
 
For four of our included studies, the outcome measures were clearly defined, valid, reliable, 
and implemented consistently across all study participants.42-43,45-46 For these studies, there is a 
low risk of bias in this domain. For the remaining two studies, there were limited details 
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provided on the outcome measure and it was challenging to determine whether there was 
validity.44,47 Given the lack of detail provided, this study was rated as high risk in this domain.  
 
Blinding of outcome assessors  
 
In all six studies, no details are provided in the methodology of the paper in regard to potential 
blinding or masking of outcome assessors.42-47 For this reason, it must be assumed that there is 
no blinding. This could be a major concern for those completing the data analysis portion of the 
study, as it is possible that bias could arise from knowing the exposure status of the study 
participant while looking for relationships with the outcome.  Hence, these studies were rated 
as medium to high risk of bias in this domain.  
 
Follow up rate 
 
Bias arising due to loss to follow-up was not applicable for five of our included studies, given 
they were cross-sectional by design.42-46 For the longitudinal cohort study, those lost to follow-
up was significantly greater than 20%.47 However, given the long timeframe of this study (5.5 
years) this is to be expected. As the sample size at the final time point is still well over 1000 
study participants, we characterized the risk of bias as low to medium for this study in this 
domain.  
 
Statistical analyses  
 
Two of our included studies reported that they accounted for confounding variables.45-46 
However, of the relevant data that we extracted, only one study actually adjusted its models for 
confounding variables.45 This study was rated as low risk of bias for statistical analysis. The 
remaining four studies did not control for any confounding variables throughout their 
analyses.42-44,47 Thus, these four studies, as well as the first study given that the data we 
extracted was not controlled for, were all rated as high risk of bias for statistical analysis.  
 

Narrative Synthesis of Results  
 
We included six studies that reported on the following outcomes: wasting, underweight, 
stunting, linear growth, HAZ, iron status, anemia, and changes and stability in FV intake later in 
life. All six of the included studies looked at the association between varying frequencies of FV 
or NPS consumption. None of our included studies looked at differing varieties or amounts of 
FV or NPS on dietary and health outcomes.  
 
See Tables 3-6 for further detail below.
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Table 3. Narrative Synthesis Table for Vegetables  

Food 
Group  

Study 
Design 

Outcome 
Study 
Name 

No. 
Participants 

Age 
range 

Country Narrative Synthesis 
Other 
notes 

V CS Wasting Ahmad 201842 392 

 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating green leafy and 

orange vegetables was not associated 

with wasting. 20.5% (n=31), 25.2% 

(n=31), and 22% (n=26) of those who 

consumed green leafy and orange 

vegetables ≥4 times/week, 1-3 times/ 

week, and never were wasted, 

respectively (p=0.542 between groups).  

 

V CS Underweight Ahmad 201842 392 

 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating green leafy and 

orange vegetables was not associated 

with being underweight. 25.8% (n=39), 

26% (n=32), and 27.1% (n=32) of those 

who consumed green leafy and orange 

vegetables ≥4 times/week, 1-3 times/ 

week, and never were underweight, 

respectively (p=0.969 between groups). 

 

V CS Stunting Ahmad 201842 392 

 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating green leafy and 

orange vegetables was not associated 

with stunting. 29.1% (n=44), 30.1% 

(n=37), and 23.7% (n=28) of those who 

consumed green leafy and orange 

vegetables ≥4 times/week, 1-3 times/ 

week, and never were stunted, 

respectively (p=0.491 between groups). 

 

V CS 
Height-for-age 

Z-score 
Ntab 200545 165 

 

 

 

6-42 

months 

 

 

 

 

Senegal 

In breastfed children aged 9-23 months, 

those who consumed vegetables/ leaves 

0-2 days/ week and ≥ 3 days/week had a 

mean HAZ of -1.01 (SD=0.93) and -0.58 

(SD=0.92), respectively. In age-adjusted 

models, mean HAZ was -1.01 (p=0.052) 

and -0.59 (p<0.06), respectively, 

demonstrating a trend that points to lower 

HAZ with less vegetable consumption.  

Adjusted 

model by 

child age.  
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V CS Linear Growth Ntab 200545 165 

 

 

 

 

 

6-42 

months 

 

 

 

 

 

 

Senegal 

 

Frequent consumption of vegetables had 

an inverse relationship to linear growth 

(means: 8.3cm and 7.4cm height 

increment over the preceding 7 months 

for rare and frequent consumption, 

respectively, p=0.041). 

Adjusted 

model by 

child age, 

sex, malaria 

study 

intervention 

group, 

maternal 

height, BMI, 

schooling, 

and number 

of children 5 

y old. 

V CS Ferritin >20μg/L 
Wandel 

199643 
90 

 

 

 

 

 

 

 

1 year 

old 

 

 

 

 

 

 

 

Norway 

Those who consumed vegetables 

once/day, compared to <once/day, were 

significantly more likely to have low iron 

stores (ferritin values <20μg/L) (Reg 

coefficient= -2.7, p=0.02). Although the 

results suggest a negative effect of 

feeding vegetables once/day, findings 

were inconsistent as this relationship was 

not seen for those eating vegetables more 

frequently (several times/day) compared 

to <once/day. Additionally, there was no 

significant relationship observed between 

the feeding frequency of vegetables and 

the likelihood of having very low iron 

stores (ferritin <15μg/L). 

 

V CS Anemia Silva 200746 205 

 

 

 

 

6-12 

months 

 

 

 

 

 

Brazil 

Consumption of dark green vegetables 

was not associated with anemia 

prevalence. For those who did not 

consume dark green vegetables in the 

past 24 hours, compared to those who 

did, the odds of having anemia were 1.21 

times greater (95% CI: 0.67-2.21, 

p=0.502). 55.6% (n=65) and 60.2% 

(n=53) of those who consumed dark 

green vegetables in the past 24 hours did 

not have anemia, respectively. 

Anemia= 

Hemoglobin 

<11 g/dL. 

 

Exclusive 

breastfeeding 

time (Days) 

≥60: 62 

(anemia); 52 

(non-anemia) 
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<60: 56 

(anemia); 35 

(non-anemia) 

V Cohort 

% Stability and 

Change in 

Vegetable 

Consumption 

Bjelland 

201347 
1,783 

 

 

 

 

 

 

18 

months 

to 7 

years 

old 

 

 

 

 

 

 

 

 

Norway 

From 18 months to 36 months of age, 0% 

of boys decreased, 75.3% remained 

stable, and 24.7% increased their 

vegetable consumption from low (≤ 5 

times/week). From 18 months to 7 years 

of age, 0% of boys decreased, 63% 

remained stable, and 37% increased their 

vegetable consumption from low (≤ 5 

times/week).  

 

Overall 

vegetable 

consumption 

at 18 months 

was 

positively 

associated 

with overall 

vegetable 

consumption 

at 36 months 

(spearman’s 

rho=0.36) 

and at 7 years 

of age 

(spearman’s 

rho=0.28). 

V Cohort 

% Stability and 

Change in 

Vegetable 

Consumption 

Bjelland 

201347 
1,075 

 

 

18 

months 

to 7 

years 

old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

55.1% of boys decreased, 32.7% 

remained stable, and 12.3% increased 

their vegetable consumption from 

medium (5.1-7 times/week). From 18 

months to 7 years of age, 42.6% of boys 

decreased, 21.2% remained stable, and 

36.2% increased their vegetable 

consumption from medium (5.1-7 

times/week). 

 

V Cohort 

% Stability and 

Change in 

Vegetable 

Consumption 

Bjelland 

201347 
1,649 

 

 

18 

months 

to 7 

years 

old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

74% of boys decreased, 26% remained 

stable, and 0% increased their vegetable 

consumption from high (>7 times/week). 

From 18 months to 7 years of age, 51.2% 

of boys decreased, 48.8% remained 

stable, and 0% increased their vegetable 

consumption from high (>7 times/week). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Overall 

vegetable 
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V 

 

 

Cohort 

 

% Stability and 

Change in 

Vegetable 

Consumption 

 

 

Bjelland 

201347 

 

 

1,677 

 

18 

months 

to 7 

years 

old 

 

 

Norway 

From 18 months to 36 months of age, 0% 

of girls decreased, 73.3% remained 

stable, and 26.7% increased their 

vegetable consumption from low (≤ 5 

times/week). From 18 months to 7 years 

of age, 0% of girls decreased,59.8 % 

remained stable, and 40.2% increased 

their vegetable consumption from low (≤ 

5 times/week). 

consumption 

at 18 months 

was 

positively 

associated 

with overall 

vegetable 

consumption 

at 36 months 

(spearman’s 

rho=0.37) 

and at 7 years 

of age 

(spearman’s 

rho=0.31). 

V Cohort 

% Stability and 

Change in 

Vegetable 

Consumption 

Bjelland 

201347 
1,012 

 

 

18 

months 

to 7 

years 

old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

54.2% of girls decreased, 34.3% 

remained stable, and 11.5% increased 

their vegetable consumption from 

medium (5.1-7 times/week). From 18 

months to 7 years of age, 40.5% of girls 

decreased, 19.5% remained stable, and 

40% increased their vegetable 

consumption from medium (5.1-7 

times/week). 

 

V Cohort 

% Stability and 

Change in 

Vegetable 

Consumption 

Bjelland 

201347 
1,600 

 

 

18 

months 

to 7 

years 

old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

72.3% of girls decreased, 27.7% 

remained stable, and 0% increased their 

vegetable consumption from high (>7 

times/week). From 18 months to 7 years 

of age, 43.9% of girls decreased, 56.1% 

remained stable, and 0% increased their 

vegetable consumption from high (>7 

times/week). 
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Table 4. Narrative Synthesis Table for Fruits  

Food 
Group  

Study 
Design 

Outcome 
Study 
Name 

No. 
Participants 

Age 
range 

Country Narrative Synthesis 
Other 
notes 

 

F 

 

CS 

 

Wasting 

 

Ahmad 

201842 

 

392 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating fruits was not 

associated with wasting. 19.9% (n=28), 

26.1% (n=42), and 20% (n=18) of those 

who consumed fruits ≥3 times/week, 1-2 

times/ week, and never were wasted, 

respectively (p=0.356 between groups).  

 

F CS Underweight 
Ahmad 

201842 
392 

 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating fruits was not 

associated with being underweight. 26.2% 

(n=37), 26.1% (n=42), and 26.7% (n=24) 

of those who consumed fruits ≥3 

times/week, 1-2 times/ week, and never 

were underweight, respectively (p=0.995 

between groups).  

 

F CS Stunting 
Ahmad 

201842 
392 

 

 

6-23 

months 

 

 

Indonesia 

Frequency of eating fruits was not 

associated with stunting. 30.5% (n=43), 

25.5% (n=41), and 27.8% (n=25) of those 

who consumed fruits ≥3 times/week, 1-2 

times/ week, and never were stunted, 

respectively (p=0.623 between groups).  

 

F CS 
Height-for-

age Z-score 
Ntab 200545 165 

 

 

 

6-42 

months 

 

 

 

 

Senegal 

In breastfed children aged 9-23 months, 

those who consumed fruit 0-2 days/ week 

and ≥ 3 days/week had a mean HAZ of -

1.02 (SD=0.93) and -0.75 (SD=0.94), 

respectively. In age-adjusted models, mean 

HAZ was -1.04 (p=0.051) and -0.71 

(p=0.059), respectively, demonstrating a 

trend that points to lower HAZ with less 

fruit consumption.  

Adjusted 

model by 

child age.  

F CS 
Linear 

Growth 
Ntab 200545 165 

 

 

 

 

6-42 

months 

 

 

 

 

Senegal 

Fruit consumption was positively 

associated with linear growth in fully 

adjusted models (means: 7.9cm and 8.7cm 

height increment over the preceding 7 

months for rare and frequent consumption, 

respectively, p=0.027). 

Adjusted 

model by 

child age, 

sex, malaria 

study 

intervention 

group, 

maternal 
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height, BMI, 

schooling, 

and number 

of children 5 

y old. 

F CS Anemia Silva 200746 205 

 

 

 

 

 

 

 

 

 

 

 

6-12 

months 

 

 

 

 

 

 

 

 

 

 

 

Brazil 

Fruit consumption was not significantly 

associated with anemia prevalence when 

considering consumption in the past 24 

hours. For those who did not consume fruit 

in the past 24 hours, compared to those 

who did, the odds of having anemia were 

1.24 times greater (95% CI: 0.25-6.75, 

p=0.537). 57.4% (n=113) and 62.5% (n=5) 

of those who consumed fruit in the past 24 

hours and not, had anemia, respectively.  

When looking at daily vs < than daily 

frequencies, fruit consumption was 

significantly associated with anemia 

prevalence. For those who consumed fruit 

< daily, compared to daily, the odds were 

2.29 times greater (1.29-4.06, p=0.004) of 

having anemia. In the adjusted model, 

those who consumed fruit < daily, 

compared to daily, had 1.88 (95% CI:1.03-

3.42, p=0.003) greater odds of having 

anemia. 48.7% (n=55) and 68.5% (n=63) 

of those who consumed fruit daily and 

<daily had anemia, respectively.  

Anemia= 

Hemoglobin 

<11 g/dL. 

 

Adjusted 

model by 

family 

income per 

capita and 

consumption 

of medicated 

iron 

supplements. 

 

Exclusive 

breastfeeding 

time (Days) 

≥60: 62 

(anemia); 52 

(non-anemia) 

<60: 56 

(anemia); 35 

(non-

anemia).  

F Cohort 

% Stability 

and Change 

in Fruit 

Consumption 

Bjelland 

201347 
1,659 

 

 

 

 

18 

months 

to 7 

years old 

 

 

 

 

 

 

Norway 

From 18 months to 36 months of age, 0% 

of boys decreased, 37.6% remained stable, 

and 62.4% increased their fruit 

consumption from low (≤ 5 times/week). 

From 18 months to 7 years of age, 0% of 

boys decreased, 42.2% remained stable, 

and 57.8% increased their fruit 

consumption from low (≤ 5 times/week). 

Overall fruit 

consumption 

at 18 months 

was 

positively 

associated 

with overall 

fruit 

consumption 

at 36 months 

(spearman’s 
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rho=0.36) 

and at 7 years 

of age 

(spearman’s 

rho=0.23). 

F Cohort 

% Stability 

and Change 

in Fruit 

Consumption 

Bjelland 

201347 
2,535 

 

 

18 

months 

to 7 

years old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

12.8% of boys decreased, 39% remained 

stable, and 48.2% increased their fruit 

consumption from medium (5.1-13.9 

times/week). From 18 months to 7 years of 

age, 24.7% of boys decreased, 59.8% 

remained stable, and 15.5% increased their 

vegetable consumption from medium (5.1-

13.9 times/week). 

 

F Cohort 

% Stability 

and Change 

in Fruit 

Consumption 

Bjelland 

201347 
290 

 

 

18 

months 

to 7 

years old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

24.8% of boys decreased, 75.2% remained 

stable, and 0% increased their fruit 

consumption from high (>14 times/week). 

From 18 months to 7 years of age, 67.9% 

of boys decreased, 32.1% remained stable, 

and 0% increased their fruit consumption 

from high (>14 times/week). 

 

F Cohort 

% Stability 

and Change 

in Fruit 

Consumption 

Bjelland 

201347 
1,601 

 

 

 

 

18 

months 

to 7 

years old 

 

 

 

 

 

 

Norway 

 

From 18 months to 36 months of age, 0% 

of girls decreased, 36.3% remained stable, 

and 63.7% increased their fruit 

consumption from low (≤ 5 times/week). 

From 18 months to 7 years of age, 0% of 

girls decreased, 38.4% remained stable, 

and 61.6% increased their fruit 

consumption from low (≤ 5 times/week). 

Overall fruit 

consumption 

at 18 months 

was 

positively 

associated 

with overall 

fruit 

consumption 

at 36 months 

(spearman’s 

rho=0.36) 

and at 7 years 

of age 

(spearman’s 

rho=0.24). 

F Cohort 
% Stability 

and Change 

Bjelland 

201347 
2,375 

 

 

 

 

From 18 months to 36 months of age, 

11.8% of girls decreased, 41.3% remained 
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in Fruit 

Consumption 

18 

months 

to 7 

years old 

Norway stable, and 46.9% increased their fruit 

consumption from medium (5.1- 13.9 

times/week). From 18 months to 7 years of 

age, 20.3% of girls decreased, 62.3% 

remained stable, and 17.4% increased their 

fruit consumption from medium (5.1-13.9 

times/week). 

F Cohort 

% Stability 

and Change 

in Fruit 

Consumption 

Bjelland 

201347 
271 

 

 

18 

months 

to 7 

years old 

 

 

 

 

Norway 

From 18 months to 36 months of age, 

23.6% of girls decreased, 76.4% remained 

stable, and 0% increased their fruit 

consumption from high (>14 times/week). 

From 18 months to 7 years of age, 66.8% 

of girls decreased, 33.2% remained stable, 

and 0% increased their fruit consumption 

from high (>14 times/week). 

 

 
 
Table 5. Narrative Synthesis Table for Legumes and Beans  

Food 
Group  

Study 
Design 

Outcome 
Study 
Name 

No. 
Participants 

Age 
range 

Country Narrative Synthesis 
Other 
notes 

Legumes CS Wasting Ahmad 201842 392 

 

 

6-23 

months 

 

 

Indonesia 

Frequency of eating legumes was not 

associated with wasting. 25.9% (n=15), 

24% (n=37), and 20% (n=36) of those 

who consumed legumes ≥3 times/week, 

1-2 times/ week, and never were wasted, 

respectively (p=0.542 between groups).  

 

Legumes CS Underweight Ahmad 201842 392 

 

 

6-23 

months 

 

 

Indonesia 

Frequency of eating legumes was not 

associated with being underweight. 

36.2% (n=21), 25.3% (n=39), and 23.9% 

(n=43) of those who consumed legumes 

≥3 times/week, 1-2 times/ week, and 

never were underweight, respectively 

(p=0.174 between groups).  

 

Legumes CS Stunting Ahmad 201842 392 

 

 

6-23 

months 

 

 

 

Indonesia 

Frequency of eating legumes was not 

associated with stunting. 32.8% (n=19), 

27.9% (n=43), and 26.1% (n=47) of those 

who consumed legumes ≥3 times/week, 
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1-2 times/ week, and never were stunted, 

respectively (p=0.618 between groups).  

Beans CS Anemia Silva 200746 205 

 

 

 

 

 

6-12 

months 

 

 

 

 

 

 

Brazil 

Consumption of beans was not 

significantly associated with anemia 

prevalence. For those who consumed 

beans < daily, compared to daily, the 

odds of having anemia were 0.8 times 

less (95% CI: 0.36-1.78, p=0.550). 58.5% 

(n=100) and 52.9% (n=18) of those who 

consumed beans daily and <daily had 

anemia, respectively.  

Anemia= 

Hemoglobin 

<11 g/dL. 

 

Exclusive 

breastfeeding 

time (Days) 

≥60: 62 

(anemia); 52 

(non-anemia) 

<60: 56 

(anemia); 35 

(non-anemia) 

 
Table 6. Narrative Synthesis for FV combined 

Food 
Group  

Study 
Design 

Outcome 
Study 
Name 

No. 
Participants 

Age 
range 

Country Narrative Synthesis 
Other 
notes 

F + V CS Stunting Chang 200744 13,107 

 

 

 

6-24 

months 

 

 

 

China 

Frequency of eating vegetables and fruits 

was associated with stunting prevalence. 

For those who consumed vegetables and 

fruits weekly, monthly, and < once per 

month or none, compared to daily, the 

odds of being stunted were 1.739 (p=0.00), 

1.698 (p=0.03), and 1.768 (p=0.00) times 

greater, respectively. 

 

F + V CS Underweight Chang 200744 13,107 

 

 

 

6-24 

months 

 

 

 

China 

Frequency of eating vegetables and fruits 

was associated with underweight 

prevalence. For those who consumed 

vegetables and fruits weekly, monthly, and 

< once per month or none, compared to 

daily, the odds of being underweight were 

1.908 (p=0.00), 1.566 (p=0.10), and 1.478 

(p=0.01) times greater, respectively. 

 



 0 

Wasting, Underweight, and Stunting 
 
Two studies reported on anthropometric outcomes based on varying frequencies of FV or NPS 
consumption. However, given the high heterogeneity of the two studies (different food group 
items and frequency categories), we were unable to pool the data and instead a narrative 
synthesis is described below.   
 
One study with a total of 392 children aged 6-23 months evaluated the association of fruit, 
vegetable, and legume consumption at different frequencies with wasting, underweight, and 
stunting prevalence.42  
 
This study did not find an association between less frequent consumption of green leafy and 
orange vegetables and wasting, underweight, or stunting among children. Frequency was 
categorized as ≥4 times/week, 1-3 times/week, and never. 20.5% (n=31), 25.2% (n=31), and 
22% (n=26) of those who consumed green leafy and orange vegetables ≥4 times/week, 1-3 
times/ week, and never were wasted, respectively (p=0.542 between groups). 25.8% (n=39), 
26% (n=32), and 27.1% (n=32) of those who consumed green leafy and orange vegetables ≥4 
times/week, 1-3 times/ week, and never were underweight, respectively (p=0.969 between 
groups). 29.1% (n=44), 30.1% (n=37), and 23.7% (n=28) of those who consumed green leafy and 
orange vegetables ≥4 times/week, 1-3 times/ week, and never were stunted, respectively 
(p=0.491 between groups). 
 
This study also did not find an association between less frequent consumption of fruits and 
wasting, underweight, or stunting. Frequency was categorized as ≥3 times/week, 1-2 times/ 
week, and never. 19.9% (n=28), 26.1% (n=42), and 20% (n=18) of those who consumed fruits ≥3 
times/week, 1-2 times/ week, and never were wasted, respectively (p=0.356 between groups). 
26.2% (n=37), 26.1% (n=42), and 26.7% (n=24) of those who consumed fruits ≥3 times/week, 1-
2 times/ week, and never were underweight, respectively (p=0.995 between groups). 30.5% 
(n=43), 25.5% (n=41), and 27.8% (n=25) of those who consumed fruits ≥3 times/week, 1-2 
times/ week, and never were stunted, respectively (p=0.623 between groups). 
 
Lastly, this study did not find an association between less frequent consumption of legumes and 
wasting, underweight, or stunting. Frequency was defined as ≥3 times/week, 1-2 times/week, 
and never. 25.9% (n=15), 24% (n=37), and 20% (n=36) of those who consumed legumes ≥3 
times/week, 1-2 times/ week, and never were wasted, respectively (p=0.542 between groups). 
36.2% (n=21), 25.3% (n=39), and 23.9% (n=43) of those who consumed legumes ≥3 times/week, 
1-2 times/week, and never were underweight, respectively (p=0.174 between groups). 32.8% 
(n=19), 27.9% (n=43), and 26.1% (n=47) of those who consumed legumes ≥3 times/week, 1-2 
times/ week, and never were stunted, respectively (p=0.618 between groups). 
 
We were unable to present these results in a forest plot as only p-values were reported in the 
paper.  
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A second study, with a total of 13,107 children aged 6-24 months evaluated the association of 
FV consumption at different frequencies with stunting and underweight prevalence.44  
 
This study found an association between less frequent consumption of FV and stunting and 
underweight prevalence among children. Frequency was categorized as daily, weekly, monthly, 
and less than once per month or none. For those who consumed vegetables and fruits weekly, 
monthly, and less than once per month or none, compared to daily, the odds of being stunted 
were 1.739 (p=0.00), 1.698 (p=0.03), and 1.768 (p=0.00) times greater, respectively. Similarly, 
for those who consumed vegetables and fruits weekly, monthly, and less than once per month 
or none, compared to daily, the odds of being underweight were 1.908 (p=0.00), 1.566 
(p=0.10), and 1.478 (p=0.01) times greater, respectively. 
 
Figure 2. Forest plot demonstrating association between weekly vs daily FV consumption and 
stunting prevalence  

 
 
Figure 3. Forest plot demonstrating association between monthly vs daily FV consumption and 
stunting prevalence  

 
 
Figure 4. Forest plot demonstrating association between < than once per month or no vs daily 
FV consumption and stunting prevalence  
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Figure 5. Forest plot demonstrating association between weekly vs daily FV consumption and 
underweight prevalence 

 
 
Figure 6. Forest plot demonstrating association between monthly vs daily FV consumption and 
underweight prevalence  

 
 
Figure 7. Forest plot demonstrating association between < than once per month or no vs daily 
FV consumption and underweight prevalence  
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HAZ and Linear growth 
 
One study with a total of 165 children aged 9-23 months evaluated the association of frequent 
versus infrequent fruit and vegetable consumption with HAZ and linear growth based on 
recumbent height measurements.45  
 
For the outcome of HAZ, frequency was defined as 0-2 days/week and ≥ 3 days/week. In 
breastfed children aged 9-23 months, those who consumed vegetables/leaves 0-2 days/week 
and ≥ 3 days/week had a mean HAZ of -1.01 (SD=0.93) and -0.58 (SD=0.92), respectively. In age-
adjusted models, mean HAZ was -1.01 (p=0.052) and -0.59 (p<0.06), respectively (SD was not 
reported for any adjusted models). In breastfed children aged 9-23 months, those who 
consumed fruit 0-2 days/week and ≥ 3 days/week had a mean HAZ of -1.02 (SD=0.93) and -0.75 
(SD=0.94), respectively. In age-adjusted models, mean HAZ was -1.04 (p=0.051) and -0.71 
(p=0.059), respectively. Based on these results for both vegetable and fruit consumption, there 
is a trend that points to lower HAZ among children who consume vegetables and fruits less 
frequently. 
 
For linear growth, frequency was defined as rare or frequent consumption; however, no further 
details were provided on a more specific definition of what was considered rare or frequent 
consumption. Among children who consumed fruit rarely versus frequently over the preceding 
7 months, their linear growth increased by a mean of 8.3cm versus 7.4cm, respectively 
(p=0.041). However, in the fully adjusted model, fruit consumption was positively associated 
with linear growth, with means of 7.9cm and 8.7cm height increments over the preceding 7 
months among children who consumed fruit rarely and frequently, respectively (p=0.027). The 
model was adjusted for child age, sex, malaria study intervention group (this study was nested 
into the Intermittent Preventive malaria Treatment in children (IPTc) study, where children 
were randomized into receiving artesunate plus sulfadoxine pyromethamine or a placebo), 
maternal height, BMI, schooling, and number of children 5yrs old in the household.  
 
Anemia 
 
One study with a total of 205 children aged 6-12 months evaluated the association of 
vegetable, fruit, and bean consumption with anemia prevalence. Anemia was defined as 
hemoglobin <11 g/dL.46 
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For vegetables, frequency was defined as consumption of the food item in the previous 24 
hours versus no consumption in the previous 24 hours. 55.6% (n=65) and 60.2% (n=53) of those 
who consumed dark green vegetables in the past 24 hours and did not consume dark green 
vegetables in the past 24 hours had anemia, respectively. Authors found that lack of 
consumption of dark green vegetables was not associated with higher anemia prevalence. For 
those who did not consume dark green vegetables in the past 24 hours, compared to those who 
did, the odds of being anemic were 1.21 times greater (95% CI: 0.67-2.21, p=0.502), though 
results were not statistically significant.  
 
Figure 8. Forest plot demonstrating association between dark green vegetable consumption in 
past 24 hours vs not and anemia prevalence  

 
 
For fruit, frequency was defined in one model as consumption of the food item in the previous 
24 hours versus no consumption in the previous 24 hours. Additionally, a second model defined 
frequency as consumption of the food item daily versus less than daily. When looking at the 
metric of past 24 hours, 57.4% (n=113) of all children who consumed fruit were anemic and 
62.5% (n=5) of those who did not consume fruit in the past 24 hours were anemic. 
Furthermore, lack of fruit consumption was not significantly associated with higher anemia 
prevalence. For those who did not consume fruit in the past 24 hours, compared to those who 
did, the odds of being anemic were 1.24 times greater (95% CI: 0.25-6.75, p=0.537) but did not 
reach statistical significance.  
 
Figure 9. Forest plot demonstrating association between fruit consumption in past 24 hours vs 
not and anemia prevalence  
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When looking at the metric of daily versus less than daily consumption of fruits and anemia 
prevalence, 48.7% (n=55) of all children who consumed fruit daily were anemic and 68.5% 
(n=63) of those who did not consume fruit daily were anemic. Conversely to the 24 hour metric, 
there was a statistically significant association when using the daily versus less than daily 
metric. For those who consumed fruit less than daily, compared to daily, the odds of being 
anemic were 2.29 times greater (95% CI: 1.29-4.06, p=0.004). When adjusted, those who 
consumed fruit less than daily, compared to daily, had 1.88 times greater odds (95% CI: 1.03-
3.42, p=0.003) of being anemic. The model was adjusted by family income per capita and for 
consumption of iron supplements.  
 
Figure 10. Forest plot demonstrating association between < daily vs daily fruit consumption and 
anemia prevalence 

 
 
For beans, frequency was defined as consumption of the food item daily versus less than daily. 
58.5% (n=100) and 52.9% (n=18) of those who consumed beans daily and less than daily had 
anemia, respectively. Lower consumption of beans was not significantly associated with a 
higher anemia prevalence. For those who consumed beans less than daily, compared to daily, 
the odds of being anemic were 0.8 times less (95% CI: 0.36-1.78, p=0.550).  
 
Figure 11. Forest plot demonstrating association between < daily vs daily bean consumption 
and anemia prevalence  

 
 
Iron Stores 
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One study with a total of 90 children aged 12 months old evaluated the association of vegetable 
consumption with iron stores based on serum ferritin levels.43 Frequency was defined as 
consumption several times per day, once per day, and less than once per day.  
 
Those who consumed vegetables once per day, compared to less than once per day, were 
significantly more likely to have ferritin values below the cut-off point of 20μg/L (Reg 
coefficient= -2.7, p=0.02). However, although the results suggest a negative association with   
feeding vegetables once per day, the findings were inconsistent given that this relationship was 
not seen for those eating vegetables more frequently (several times per day) compared to less 
than once per day. Additionally, there was no significant relationship observed between the 
feeding frequency of vegetables and the likelihood of having very low iron stores (ferritin 
15μg/L). 
 
Figure 12. Forest plot demonstrating association between vegetable consumption once per day 
vs < once per day and low iron stores (ferritin <20μg/L) 

 
 
Changes and stability in tracking FV intake 
 
One cohort study with a total of 9,490 children aged 18 months at baseline evaluated the 
association between vegetable and fruit consumption with stability and changes (increase and 
decrease) in vegetable and fruit consumption at 36 months and 7 years of age.47 Frequency was 
categorized into 3 levels: low, medium, and high.  For vegetables, low consumption was defined 
as ≤ 5 times/week, medium was defined as 5.1-7 times/week, and high was defined as >7 
times/week. For fruits, low consumption was defined as ≤ 5 times/week, medium was defined 
as 5.1-13.9 times/week, and high was defined as >14 times/week. 
 
Vegetables 
 
In boys from 18 months to 36 months of age, 75.3% remained stable and 24.7% increased their 
vegetable consumption from low (≤ 5 times/week). From 18 months to 36 months of age, 
55.1% of boys decreased, 32.7% remained stable, and 12.3% increased their vegetable 
consumption from medium (5.1-7 times/week). From 18 months to 36 months of age, 74% of 
boys decreased and 26% remained stable in their vegetable consumption from high (>7 
times/week). Overall vegetable consumption at 18 months was positively associated with 
overall vegetable consumption at 36 months (spearman’s rho=0.36).  
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In boys from 18 months to 7 years of age, 63% remained stable and 37% increased their 
vegetable consumption from low (≤ 5 times/week). From 18 months to 7 years of age, 42.6% of 
boys decreased, 21.2% remained stable, and 36.2% increased their vegetable consumption 
from medium (5.1-7 times/week). From 18 months to 7 years of age, 51.2% of boys decreased 
and 48.8% remained stable in their vegetable consumption from high (>7 times/week). Overall 
vegetable consumption at 18 months was positively associated with overall vegetable 
consumption at 7 years of age (spearman’s rho=0.28). 
 
In girls from 18 months to 36 months of age, 73.3% remained stable and 26.7% increased their 
vegetable consumption from low (≤ 5 times/week). From 18 months to 36 months of age, 
54.2% of girls decreased, 34.3% remained stable, and 11.5% increased their vegetable 
consumption from medium (5.1-7 times/week). From 18 months to 36 months of age, 72.3% of 
girls decreased, and 27.7% remained stable in their vegetable consumption from high (>7 
times/week). Overall vegetable consumption at 18 months was positively associated with 
overall vegetable consumption at 36 months (spearman’s rho=0.37).  
 
In girls from 18 months to 7 years of age, 59.8 % remained stable and 40.2% increased their 
vegetable consumption from low (≤ 5 times/week). From 18 months to 7 years of age, 40.5% of 
girls decreased, 19.5% remained stable, and 40% increased their vegetable consumption from 
medium (5.1-7 times/week). From 18 months to 7 years of age, 43.9% of girls decreased and 
56.1% remained stable in their vegetable consumption from high (>7 times/week). Overall 
vegetable consumption at 18 months was positively associated with overall vegetable 
consumption at 7 years of age (spearman’s rho=0.31). 
 
Fruit 
 
In boys from 18 months to 36 months of age, 37.6% remained stable and 62.4% increased their 
fruit consumption from low (≤ 5 times/week). From 18 months to 36 months of age, 12.8% of 
boys decreased, 39% remained stable, and 48.2% increased their fruit consumption from 
medium (5.1-13.9 times/week). From 18 months to 36 months of age, 24.8% of boys decreased 
and 75.2% remained stable in their fruit consumption from high (>14 times/week). Overall fruit 
consumption at 18 months was positively associated with overall fruit consumption at 36 
months (spearman’s rho=0.36).  
 
In boys from 18 months to 7 years of age, 42.2% remained stable and 57.8% increased their 
fruit consumption from low (≤ 5 times/week). From 18 months to 7 years of age, 24.7% of boys 
decreased, 59.8% remained stable, and 15.5% increased their vegetable consumption from 
medium (5.1-13.9 times/week). From 18 months to 7 years of age, 67.9% of boys decreased 
and 32.1% remained stable in their fruit consumption from high (>14 times/week). Overall fruit 
consumption at 18 months was positively associated with overall fruit consumption at 7 years 
of age (spearman’s rho=0.23). 
 
In girls from 18 months to 36 months of age, 36.3% remained stable and 63.7% increased their 
fruit consumption from low (≤ 5 times/week). From 18 months to 36 months of age, 11.8% of 
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girls decreased, 41.3% remained stable, and 46.9% increased their fruit consumption from 
medium (5.1- 13.9 times/week). From 18 months to 36 months of age, 23.6% of girls decreased 
and 76.4% remained stable in their fruit consumption from high (>14 times/week). Overall fruit 
consumption at 18 months was positively associated with overall fruit consumption at 36 
months (spearman’s rho=0.36). 
 
In girls from 18 months to 7 years of age, 38.4% remained stable and 61.6% increased their fruit 
consumption from low (≤ 5 times/week). From 18 months to 7 years of age, 20.3% of girls 
decreased, 62.3% remained stable, and 17.4% increased their fruit consumption from medium 
(5.1-13.9 times/week). From 18 months to 7 years of age, 66.8% of girls decreased and 33.2% 
remained stable in their fruit consumption from high (>14 times/week). Overall fruit 
consumption at 18 months was positively associated with overall fruit consumption at 36 
months (spearman’s rho= 0.24).  

DISCUSSION 

 
Summary of Main Results 
 
Our review aimed to assess the effects of differing frequencies and varieties of FV and differing 
frequencies and amounts of NPS on dietary and health outcomes, though available data did not 
allow us to establish causality. We found six relevant studies, five of which were cross-sectional 
studies and one of which was a longitudinal cohort study. The longitudinal cohort study 
duration was 5.5 years, with children ranging in age from 18 months to 7 years. Two studies 
assessed the same outcome of stunting and underweight,42,44 however there was high 
methodological and clinical heterogeneity between the two studies and so we were unable to 
pool results. The remaining four studies all assessed different outcomes, and frequencies of 
food consumption were reported differently throughout. Outcomes reported included: wasting, 
underweight, stunting, linear growth, HAZ, iron status, anemia, and changes and stability in FV 
intake later in life. For studies that reported on vegetable consumption, three of the studies did 
not describe further what type of vegetables were consumed, one study grouped green leafy 
and orange vegetables together, another study grouped vegetables and leaves together, and 
the final study described dark green vegetables. For studies that reported on fruit, no study 
described in more detail what fruits were consumed. For studies that reported on NPS, one 
study reported legume consumption and one study reported bean consumption. Of important 
note, only two studies adjusted models in their analyses for confounding variables, which needs 
to be considered when discussing the following results.  The total sample size was 23,346 
between the six studies of children ranging from 6 to 23 months of age at time of enrollment.  
 
It is uncertain whether varying frequencies of consumption of dark green leafy and orange 
vegetables, fruits, or legumes reduces the prevalence of wasting, underweight, or stunting 
because the certainty of this evidence is very low.42 This study reported no association between 
varying frequencies of consumption of dark green leafy and orange vegetables, fruits, or 
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legumes and wasting, underweight, or stunting. These findings were contrary to our 
expectation, as we would expect different frequencies of FV and NPS to correlate with 
nutritional status, and may be reflective of the limited number of studies that were identified. 
Given that these foods provide important sources of vitamins and minerals, one would assume 
that consuming them in greater frequencies would be associated with improved micronutrient 
(and protein, in the case of legumes) status which could translate into a decrease in wasting, 
underweight, and stunting prevalence. While Ahmad42 did not demonstrate an association, 
Chang 200744 did find that less frequent consumption of FV was associated with a greater 
prevalence of stunting and underweight. However, once again, the certainty of this evidence 
was very low and thus we cannot determine if this result is close to the truth or not. To our 
knowledge, no other study to date has looked specifically at frequency of FV or NPS 
consumption and its association with nutritional status in infants. Although none of our 
included studies reported on differing varieties of FV or amounts of NPS, previous research in 
this area shows that complementary feeding practices (e.g., increased variety of FV, NPS, and 
other important food groups) are significantly correlated with nutritional status in infants.53-55 
These studies, though answering a similar research question, could not be included in our 
review because of lack of extractable data for outcomes or non-eligible exposure variables.  
 
It is uncertain whether varying frequencies of consumption of vegetables/leaves or fruit 
improves HAZ or linear growth because the certainty of this evidence is very low.45 This study 
demonstrated that less frequent consumption of vegetables/leaves and fruit were both 
associated with lower HAZ and more frequent fruit consumption was positively associated with 
linear growth. These findings are in line with current evidence and recommendations, as we 
know that FV provide important micronutrients (e.g., vitamin A) for growth and development in 
children. That being said, contrary to our expectation and findings for vegetables/leaves and 
HAZ, the same study found that frequent consumption of vegetables/leaves had an inverse 
relationship with linear growth. The study concludes that this relationship may be due to the 
feeding norms of the included population of rural, breastfed Senegalese infants. In this setting, 
mothers have been educated to provide better feeding – including more breastmilk and diverse 
diets – to ill or poorly growing children. Thus, if the ill or malnourished children were provided 
with more breastmilk and better diets, it’s possible that any positive effects on growth and 
nutritional status have been obscured.45  
 
It is uncertain whether varying frequencies of consumption of vegetables reduces the likelihood 
of having low ferritin values (<20μg/L) because the certainty of this evidence is very low.43  
This study found an association between greater consumption of vegetables and greater 
likelihood of having low ferritin values (<20μg/L).43 However, these findings were inconsistent 
as this relationship was not seen for those eating vegetables at an even higher frequency. 
Additionally, there was no significant relationship observed between the feeding frequency of 
vegetables and the likelihood of having very low iron stores (ferritin <15μg/L). Given these 
inconsistencies and the low quality of the data, the results should be taken with caution. 
Nonetheless, it is possible that these results were observed given that vegetables provide non-
heme iron, which is less easily absorbed by the body unless combined with vitamin C.56 If the 
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infants in this study were consuming a diet lacking in vitamin C, then their inability to absorb 
the iron found in the vegetables could explain the inverse relationship observed.  
 
It is uncertain whether varying frequencies of consumption of dark green vegetables, fruit, or 
beans reduces the prevalence of anemia because the certainty of this evidence is very low.46 

This study reported no association between consumption of dark green vegetables, fruit 
(consumption in past 24 hours vs not) or beans and anemia prevalence.46 However, when a 
different frequency metric was used for fruits specifically (daily vs < daily), less fruit 
consumption was associated with higher anemia prevalence. The lack of relationship seen for 
vegetables and beans can once again be explained by these foods’ poor bioavailability when not 
consumed in combination with foods high in vitamin C, despite their iron content. In contrast, 
the observed relationship between fruit consumption and anemia prevalence is likely related to 
fruits’ high content of vitamin C, or ascorbic acid, allowing for iron to be properly absorbed by 
the body,57 causing a lower likelihood of anemia prevalence.58 Furthermore, it is important to 
note the difference in association observed for fruit consumption and anemia prevalence when 
different measurement tools were used. Currently, the gold standard for undertaking 
quantitative dietary assessments is a weighed food record. Both FFQs and 24-hr recalls have 
major limitations, in particular recall bias as the participant needs to rely on their memory of 
past events. In this case, it may have been more appropriate to use the FFQ (daily vs < daily 
metric), as this provides a day-to-day account of typical food consumption, compared to a brief 
snapshot of foods consumed over the previous day alone. When using a 24-hr recall, it is 
recommended to be used at multiple time points, however this study only collected data 
through a 24-hr recall at one time point.  A single 24-hr recall fails to capture irregular 
consumption of foods and can therefore underestimate the intake of some nutrients. It is likely 
that the use of these different tools contributed to a difference in reported associations for 
fruit consumption and anemia prevalence.  
 

It is uncertain whether varying frequencies of consumption of FV improves consumption of FV 
later in life because the certainty of this evidence is very low.47 This study examined higher 
versus lower frequency of FV consumption and changes in FV consumption later in life.47 At 
both follow-up points, 36 months and 7 years of age, boys and girls showed a downward trend 
in vegetable consumption from 18 months of age. There was an upward trend in consumption 
of fruit for boys and girls between 18 and 36 months. However, at 7 years old there was no 
consistent trend for fruit consumption, where those who consumed lower frequencies of fruit 
increased their frequency of consumption, those consuming medium frequencies remained 
stable, and those consuming higher frequencies decreased. Overall, vegetable and fruit 
consumption at 18 months was positively associated with overall vegetable and fruit 
consumption at both 36 months and 7 years of age. These findings are consistent with the 
literature, where multiple studies have found that stability and tracking changes in eating habits 
persist beyond infancy,59-63 suggesting the importance of setting healthy habits (e.g., frequent 
consumption of FV) during infancy.  
 
In our six included studies, it was not explicitly mentioned whether study participants were 
food secure. However, based on sociodemographic characteristics, such as location, we believe 
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at least two of the included studies contained food insecure populations, if not more. This is an 
important point of distinction as food insecurity would play a major role in these reported 
health and dietary outcomes, though we have no means to assess food security status within 
the study populations.  
 
There was no evidence to assess the association of differing varieties of FV or amounts of NPS 
with any of our primary outcomes. Furthermore, there was no evidence to assess the 
association between differing frequencies and varieties of FV or differing frequencies and 
amounts of NPS with any of our secondary outcomes: overweight/obesity, food/taste 
preferences later in life, markers of inflammation, markers of gut health, or adverse effects as 
reported by authors. Additionally, there was no evidence to assess our secondary objectives of 
this review, to determine differences between processed/commercial versus fresh/home-
prepared fruits and vegetables regarding dietary and health outcomes.  
 
Overall Completeness and Applicability of Evidence 
 
In this review, we sought to determine the effects of differing frequencies, varieties, and 
amounts of FV and NPS consumed during the complementary feeding period on dietary and 
health outcomes. Our secondary objective was to review the effects of processed/commercial 
foods versus fresh/home prepared foods on dietary and health outcomes. Overall, we found 
limited and very low certainty evidence to examine the association between differing 
frequencies of FV intake with nutritional status, anemia prevalence, and changes/stability in FV 
intake later in life, and data could not establish causality. Similarly, we found limited and very 
low certainty evidence to examine the association between differing frequencies of NPS intake 
with nutritional status and anemia prevalence. We found no evidence that addressed our 
question of the link between processed/commercial foods versus fresh/home prepared foods 
and dietary and health outcomes.  
 
Most studies were excluded on the basis of their consumption data not being reported in terms 
of frequency, variety or amount (n=259). However, it should be noted that there were a 
substantial number of studies that did report frequency, variety, or amount data for FV and NPS 
consumption, but the data were not linked to any health or dietary outcomes (n=24). This left 
us with only six included studies. Given the heterogeneity of these six studies – differing 
outcomes measured and metrics of frequency – the results were highly inconsistent, and we 
were unable to meta-analyze any of the findings. None of our included studies provided high 
certainty evidence in support of greater frequencies, varieties, and/or amounts of FV and NPS 
on dietary and health outcomes, owing partly to the fact that the vast majority were 
observational in nature.  
 

Certainty of the Evidence 
 
Overall, there is a lack of relevant and good certainty data to answer our research question. 
There were only six studies that met our eligibility criteria for this review, and all were 
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observational by design, thereby increasing the likelihood of bias. In addition to being 
observational in nature and the limitations that arise with this type of study design (e.g., 
inability to make causal conclusions), there were many methodological problems, or lack of 
detail provided in the methods, that led to poor certainty data. External generalizability of our 
findings was low to moderate based on the lack of included studies overall (n=6), but the fact 
that they covered most world regions, including South-East Asia, Europe, Africa, the Americas, 
and Western Pacific. Study sample sizes by region ranged from 205 up to 13,107 children.   
 
Four of the studies were missing important details in their methods on factors like study 
population characteristics, sample size justifications, definitions and explanations on the 
exposure assessed (e.g., frequencies defined), and how many children were lost to follow-up. 
Only two studies included adjusted models in their analyses, while the remaining four did not 
adjust for any potential confounding variables in the relationship. This is particularly 
problematic for our research question as there are many potential confounding variables that 
could significantly affect the relationship between FV and/or NPS consumption with health and 
dietary outcomes. Some potential confounding variables that would have been important to 
control for include socioeconomic status, maternal education, food security, household 
environments (e.g., access to clean water and sanitation), breastfeeding status, access to health 
care, and childhood illness. Furthermore, there was consistently a lack of description of the 
types of foods consumed (e.g., use of the term vegetables and fruits rather than more specific 
food items) or lack of reasoning behind grouping of food. For example, one study grouped 
green leafy vegetables together with orange-coloured vegetables,42 each of which provide a 
different set of micronutrients. Another study described frequency of FV consumption using the 
terms rare and frequent, but no definition was provided for what was considered rare or 
frequent consumption.45  
 
Our rating of the overall certainty of the evidence as very low, as indicated by our GRADE 
Evidence Profiles, could potentially be improved upon if more studies of quasi-experimental 
design were conducted to answer this research question. In the instance where observational 
studies are most appropriate to answer the research question, it is essential that the methods 
employed are rigorous, including the consideration of confounding variables.  

 
Limitations and Potential Biases in the Review Process 
 
A key limitation in this review process was the very small sample of studies we found to include 
in our review (n=6). A second limitation was the lack of standardized metrics for frequency, as 
each author defined frequency in their own way. Given the small sample size, and lack of 
consistent outcomes measured, and frequency metrics used, we were unable to meta-analyze 
the findings, resulting in minimal to no evidence to answer our research questions.  
 
Another limitation arose from the use of different measurement tools to determine 
consumption patterns of FV and/or NPS. Currently, the gold standard for such assessments is 
the use of a weighed food record, however these tools are labour intensive and costly, 
requiring many more resources. In our included studies, 24-hr recalls and FFQs were the 
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methods used to collect information on infants FV and NPS consumption. These tools have 
significant limitations, in particular they increase the risk of recall bias. The use of these tools 
could have led to mixed results and biased findings.  
 
Of note, while importing references from the database CINAHL into Endnote, six of the 
identified references would not import. A number of tactics were attempted in order to recover 
these six studies (e.g., splitting the set of references up into smaller chunks for importation, 
etc.) however we were unsuccessful in doing so. Given that we searched a large number of 
databases, including CINAHL, it is likely that these six studies were captured by another 
database. Nonetheless, it’s possible that these studies were missed and could have biased our 
findings. We were also unable to retrieve full texts from 12 studies that may have qualified for 
inclusion into this review.  
 
Given our search strategy was comprehensive (it consisted of a complex mixture of keywords 
and MeSH terms, and it was run in multiple databases with no language restrictions, and grey 
literature was searched) it is very unlikely that location or language bias occurred in our review. 
Furthermore, a detailed and defined selection criterion was outlined and decided prior to 
beginning this review, thus selection bias is also unlikely to have occurred.  

 
Although publication bias is hard to avoid, several of our included studies reported inconsistent 
findings with the literature or no association (no statistical relevance) was found between 
exposure and outcome. For this reason, it seems relatively unlikely that there is major risk of 
publication bias in this review.  

 
Agreements and Disagreements with Other Studies or Reviews  
 
To our knowledge, this is the first study to systematically review the association between 
differing frequencies, varieties, and/or amounts of FV or NPS consumption with dietary and 
health outcomes.  
 
Our review found evidence for an association between less frequent consumption of FV and 
greater prevalence of stunting and underweight.44 Similarly, we found evidence for an 
association between less frequent consumption of FV and lower HAZ score, and more frequent 
consumption of fruit with increased linear growth.45 We also found evidence for an association 
between less fruit consumption and greater prevalence of anemia.46 We could not find any 
other studies that have examined any of these relationships, however in all four cases these 
finding were in line with our expectations, as we know that fruits and vegetables provide 
important sources of nutrients in the diet (e.g., potassium, folate, fiber, vitamin A, vitamin C, 
vitamin K, etc.), thus if consumed less frequently could be associated with higher prevalence of 
poor dietary and health outcomes (e.g., stunting, underweight, anemia, and HAZ). The inverse 
situation is also true, in which more frequently consumed FV could be associated with 
improved dietary and health outcomes (e.g., linear growth). Furthermore, we found evidence 
that overall FV consumption at 18 months of age was positively associated with overall FV 
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consumption later in life (36 months and 7 years of age).47 This finding is consistent with other 
studies that have found that eating habits early in infancy persist well into later years of life, 
highlighting the importance of setting healthy habits at an early age.59-63  
 
Four findings from our review were unexpected with regards to our understanding of these 
topics. Firstly, Ahmad 201842 found no association between varying frequencies of consumption 
of FV or NPS on the prevalence of wasting, stunting, and underweight. Secondly, Ntab 200545 
found an inverse relationship between more frequent consumption of vegetables and linear 
growth. We were unable to find any previous studies that have examined this relationship, 
however, the study concludes that this finding may be due to the feeding norms of the included 
population, where caregivers have been told to feed more breastmilk and diverse diets when 
their child is ill. In this case, it’s possible that any positive effects of growth and nutritional 
status in the study participants were obscured by the child’s ill health status.  
 
Wandel 199643 demonstrated inconsistent findings when examining the association between 
vegetable consumption and ferritin concentration. An inverse relationship was observed, where 
greater consumption of vegetables was associated with a greater likelihood of having a low 
ferritin concentration (<20μg/L). However, this relationship did not hold when looking at even 
greater frequencies of vegetable consumption, nor when looking at the likelihood of having 
very low iron stores (<15μg/L). Similarly, Silva 200746 found no association between 
consumption of FV and NPS with the prevalence of anemia. In both cases, it is possible that 
these results were impacted by the fact that vegetables and NPS provide non-heme iron, which 
is less easily absorbed by the body unless combined with vitamin C,56 despite their iron content.  
 

AUTHOR’S CONCLUSIONS 

 

Implications for Practice and Policy 
 
The aim of this review was to determine the optimal frequency, variety, or amounts of FV 
and/or NPS consumption for beneficial dietary and health outcomes. The findings were planned 
to inform the development of the updated WHO IYCF guidelines, in addition to future potential 
policies and programmes relating to complementary feeding. However, overall we have found a 
lack of relevant and good quality data for there to be implications for practice and policy at this 
time. Instead, this review has highlighted a major gap in the evidence, and more research is 
required.  

 
Implications for Research  
 
This review highlights the need for much more research to be conducted that examines various 
frequencies, varieties, and amounts of FV and NPS consumption during the complementary 
feeding period and their association with dietary and health outcomes. Ideally, such research 
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would take the shape of good quality experimental and quasi-experimental studies (e.g., 
controlled before-after studies), or longitudinal cohort studies whereby the internal 
comparator groups could be used to properly assess outcomes across groups. Furthermore, it is 
imperative that potential confounders are addressed in the study analyses.  
 
Given the nutrition transition that has now reached a global scale, it is also crucial that future 
research addresses our secondary objective of determining the health or nutrition effects of 
processed/commercial versus fresh/home-prepared foods in the context of optimal frequency, 
variety, or amounts of complementary foods, including FV and NPS).
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APPENDICES 

  
Appendix A- Medline Search Strategy  
 

Search 
Number 

Search Terms 

Search 
Set 1 

Child Terms 

1 exp Infant, Newborn/ 

2 exp Infant/ 

3 child/ or child, preschool/ 

4 (infan* or babies or baby or newborn? or neonat* or toddler? or child*). tw,kf. 

5 or/1-4 

Search 
Set 2 

Complementary Feeding Terms 

6 Weaning/ 

7 Infant Nutritional Physiological Phenomena/ 

8 Feeding Behavior/ 

9 Eating/ 

10 complementary feed*. tw,kf. 

11 
(feed* or food? or diet* or eat* or wean* or consume? or consuming or 
consumption). tw,kf.  

12 or/6-11 

Search 
Set 3 

Food Terms 

13 Fruit/ 

14 Vegetables/ 

15 
meat/ or meat products/ or exp meat proteins/ or exp poultry/ or exp red meat/ or 
exp seafood/  

16 dairy products/ or exp cultured milk products/ or exp milk/  

17 nuts/ or seeds/ 

18 Fabaceae/ or Phaseolus/  
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19 or/13-18 

20 (frequen* or quantit* or regular* or amount* or variet* or divers* or type*).tw,kf. 

21 19 and 20  

22 
((leafy or vitamin-A rich or vitamin A rich or nutrient dense or nutrient-dense or 
nutrient rich or nutrient-rich) adj5 (frequen* or quantit* or amount* or variet* or 
divers* or type*)).tw,kf. 

23 
((fruit? or vegetable? or greens or broccoli or apricot* or papaya* or avocado* or 
cabbage* or squash* or banana* or orange* or carrot* or mango*) adj5 (frequen* 
or quantit* or amount* or variet* or divers* or type*)).tw,kf.  

24 

((meat* or beef or pork or lamb or goat* or game or poultry or chicken* or camel? 
or venison or egg* or insect* or caterpillar* or spider* or beetle* or termite* or 
ant or ants or animal-source? or flesh-food? or flesh food?) adj5 (frequen* or 
quantit* or amount* or variet* or divers* or type*)).tw,kf. 

25 
((seafood or sea-food or shellfish* or fish* or marine*) adj5 (frequen* or quantit* 
or amount* or variet* or divers* or type*)).tw,kf.  

26 
((dairy or milk or cheese or yogurt or butter or kefir or kephir or bulgaros) adj5 
(frequen* or quantit* or amount* or variet* or divers* or type*)).tw,kf.  

27 
((legume? or pulse? or nut? or seed? or bean? or lentil? or chickpea? or pea? or 
cowpea? or soybean* or chestnut*) adj5 (frequen* or quantit* or amount* or 
variet* or divers* or type*)).tw,kf. 

28 or/21-27 

29 5 and 12 and 28  
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Appendix B- NIH, ROB-2, and ROBINS-I Tools for Quality Assessments 
 

A. NIH Tool for Observational Cohort and Cross-Sectional Studies  
 

 
 

B. ROB-2 Tool for Randomized-Controlled Trials  
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C. ROBINS-I Tool for Non-Randomized Controlled Trials 
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 Appendix C- GRADE Evidence Profiles 
 
Table C1: GRADE table for vegetables 
 

Question: Should more frequent consumption of vegetables compared to less frequent consumption of vegetables be used for better dietary and health outcomes later in life?  
  

Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Wasting (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg and measurement of recumbent length using an 
infant length board with a precision of 0.1cm. Wasting was defined as weight for length z-score less than 2 SD below the mean and was determined using WHO Anthro 
2005 v.2.0.4 software).  

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none Frequency of eating green leafy and orange 
vegetables was not associated with wasting. 
20.5% (n=31), 25.2% (n=31), and 22% (n=26) 
of those who consumed green leafy and 
orange vegetables ≥4 times/week, 1-3 times/ 
week, and never were wasted, respectively 
(p=0.542 between groups). g 

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Underweight (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg. Age was determined through interview with 
the infant’s mother. Underweight was defined as a weight for age z-score less than 2 SD below the mean and was determined using WHO Anthro 2005 v.2.0.4 software). 

1 a   observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none Frequency of eating green leafy and orange 
vegetables was not associated with being 
underweight. 25.8% (n=39), 26% (n=32), and 
27.1% (n=32) of those who consumed green 
leafy and orange vegetables ≥4 times/week, 1-
3 times/ week, and never were underweight, 
respectively (p=0.969 between groups). g 

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Stunting (Assessed with: measurement of recumbent length using an infant length board with a precision of 0.1cm. Age was determined through interview with the 
infant’s mother. Stunting was defined as length for age less than -2 and was determined using WHO Anthro 2005 v.2.0.4 software).  

1 a  observational 
studies b  

not 
serious 

c   

serious d  not serious e  serious f  none Frequency of eating green leafy and orange 
vegetables was not associated with stunting. 
29.1% (n=44), 30.1% (n=37), and 23.7% 
(n=28) of those who consumed green leafy and 
orange vegetables ≥4 times/week, 1-3 times/ 
week, and never were stunted, respectively 
(p=0.491 between groups). g 

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  
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Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Height-for-age Z-score (Follow up: 7 months; Assessed with: measurement of recumbent length to the nearest mm by trained staff using a measuring board. 
Recumbent length was measured in September 2002, and then again 7 months later during the survey administration. Age was determined using the IPTc trial 
database of the study area).  

1 h observational 
studies i 

serious 
j  

serious k not serious l   serious m none In breastfed children aged 9-23 months, those 
who consumed vegetables/ leaves 0-2 days/ 
week and ≥ 3 days/week had a mean HAZ of -
1.01 (SD=0.93) and -0.58 (SD=0.92), 
respectively. In age-adjusted models, mean 
HAZ was -1.01 (p=0.052) and -0.59 (p<0.06), 
respectively, demonstrating a trend that points 
to lower HAZ with less vegetable consumption. 
n  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Linear Growth (Follow up: 7 months; Assessed with: measurement of recumbent length to the nearest mm by trained staff using a measuring board in September 
2002. Followed by a second measurement 7 months later during the survey administration, this time measured as standing height. Height increments were computed 
as the difference between measurements taken during the survey and in September 2002, divided by the precise duration and multiplied by 7 months (i.e., the average 
duration of the interval under study). No adjustment was made for the change in measuring technique (I.e., standing height instead of recumbent length).   

1 h  observational 
studies i  

serious 
j 

serious k  not serious l  serious m  none Frequent consumption of vegetables had an 
inverse relationship to linear growth (means: 
8.3cm and 7.4cm height increment over the 
preceding 7 months for rare and frequent 
consumption, respectively, p=0.041). o 
 

⨁◯◯◯ 

VERY 
LOW 

IMPORTANT  

Ferritin <20μg/L (Assessed with: venous blood samples that were obtained before 12am and haematological tests were carried out within 6 hours using Technicon H*1. 
Serum ferritin was analyzed using a immunological method (Orion Hitachi 704)). 

1 p  observational 
studies q  

very 
serious 

r 

serious s  not serious t   serious u  none  Those who consumed vegetables once/day, 
compared to <once/day, were significantly 
more likely to have low iron stores (ferritin 
values <20μg/L) (Reg coefficient= -2.7, 
p=0.02). Although the results suggest a 
negative effect of feeding vegetables once/day, 
findings were inconsistent as this relationship 
was not seen for those eating vegetables more 
frequently (several times/day) compared to 
<once/day. Additionally, there was no 
significant relationship observed between the 
feeding frequency of vegetables and the 
likelihood of having very low iron stores (ferritin 
<15μg/L). v 

⨁◯◯◯ 

VERY 
LOW  

IMPORTANT  
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Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Anemia (Assessed with: blood samples obtained through heel or ring finger puncture. Capillary blood was collected in a microcube and the hemoglobin measurement 
was obtained by direct reading on a portable hemoglobinometer (Hemocue ®). A hemoglobin concentration of 11g/dL was adopted as the cut-off point for the 
diagnosis of anemia).  

1 w  observational 
studies x  

very 
serious 

y  

serious z  not serious 
aa  

serious bb  none  Consumption of dark green vegetables was not 
associated with anemia prevalence. For those 
who did not consume dark green vegetables in 
the past 24 hours, compared to those who did, 
the odds of having anemia were 1.21 times 
greater (95%CI: 0.67-2.21, p=0.502). 55.6% 
(n=65) and 60.2% (n=53) of those who 
consumed dark green vegetables in the past 
24 hours did not have anemia, respectively. cc 

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

% Stability and Change in Vegetable Consumption (Follow up: 5.5 years; Assessed with: a questionnaire at 3 time points (18 months, 36 months, and 7 years of child 
age), reported by a parent). 

1 dd  observational 
studies ee  

very 
serious 

ff  

serious gg  not serious 
hh  

serious ii  none  For boys, overall vegetable consumption at 18 
months was positively associated with overall 
vegetable consumption at 36 months 
(spearman’s rho=0.36) and at 7 years of age 
(spearman’s rho=0.28). 
For girls, overall vegetable consumption at 18 
months was positively associated with overall 
vegetable consumption at 36 months 
(spearman’s rho=0.37) and at 7 years of age 
(spearman’s rho=0.31). jj 

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

Explanations 
a. Ahmad A, Madanijah S, Dwiriani CM, & Kolopaking R. Complementary feeding practices and nutritional status of children 6-23 months old: formative study in 

Aceh, Indonesia. Nutrition Research and Practice. 2018; 12(6): 512-520. This cross-sectional study took place in 3 sub-districts in Aceh Besar District, Indonesia with 
392 healthy children aged 6-23 months.   

b. This was a cross-sectional observational study conducted between May-June 2016. Mother’s provided detail on frequency of FV, ASF, and NPS consumption through 3 
repeated 24hr recalls. Frequency for vegetable consumption was defined as ≥4 times/week, 1-3 times/ week, and never.  

c. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a low risk of selection bias, information bias, and measurement bias and has been 
rated as good quality for internal validity of cross-sectional studies.  

d. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

e. This study provides direct evidence on population group, exposure, and outcomes of interest.   
f. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is relatively small 

(n=392). We have downgraded the certainty of evidence for this outcome by 1 level.    
g. Study did not adjust for confounding variables. 
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h. Ntab B, Simondon KB, Milet J, Cissé B, Sokhna C, Boulanger D, et al. A Young Child Feeding Index Is Not Associated with Either Height-for-Age or Height 
Velocity in Rural Senegalese Children. The Journal of Nutrition. 2004; 135(3): 457-464. This cross-sectional study took place in rural Senegal with 543 children aged 6-
42 months who were included in the Intermittent Preventive Malaria Treatment in children (IPTc) trial.  

i. This was a cross-sectional observational study conducted between April-May 2003. Measurements of height and weight were obtained in September 2002 and again 7 
months later during survey administration. Height and weight measurements were taken by trained staff using a measuring board and a Seca baby scale, respectively. 
Caregivers provided detail on frequency of FV and ASF consumption by 24hr recall. Additionally, the number of days each food group had been consumed during the 
preceding week was also assessed. Frequency was defined as 0-2 days/week and ≥ 3 days/week. A second definition for frequency was characterized as rare and frequent 
consumption but was never further defined in the paper. 

j. NIH tool for observational cohort and cross-sectional studies used. Overall, this study presents some concerns for bias. Firstly, it should be noted that data on food 
consumption was attained from April to May 2003, while height increment was measured in 2002 and 2003. As food consumed in 2003 does not necessarily mean the child 
had consumed the same food back in 2002, this may lead to inaccuracies in the association between frequency of food consumption and height increment. Secondly, 7 
months may not be long enough to cause a significant change in height. Caution should be taken when interpreting results from this study.  

k. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level. 

l. This study provides direct evidence on population group, exposure, and outcomes of interest.   
m. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is relatively small 

(n=543).  We have downgraded the certainty of evidence for this outcome by 1 level.    
n. Adjusted model by child age.  
o. Adjusted model by child age, sex, malaria study intervention group, maternal height, BMI, schooling, and number of children 5 years old.  
p. Wandel M, Fagerli RA, Olsen PT, Borch-Iohnsen B, & Ek J. Iron status and weaning practices among Norwegian and immigrant infants. Nutrition Research. 1996; 

16(2): 251-265. This cross-sectional study included 74 healthy infants born between 1 January 1991 and 31 March 1992, who were brought at 1 year of age to Fjell Health 
Clinic in Drammen, Norway.     

q. This was a cross-sectional observational study conducted between January 1992-March 1992. Frequency of FV and ASF consumption were measured using a FFQ through 
dietary interviews by a primary health care nurse. The FFQ was constructed based on dietary results from a pilot study of a small sample of Norwegian and immigrant 
children belonging to the same health center. Frequency of consumption of FV was defined as several times per day, once per day, and less than once per day. 

r. NIH tool for observational cohort and cross-sectional studies used. This study reported relatively little methodology and what methods are reported are unclear at times, in 
addition to a very small sample size. Because of this, it’s extremely challenging to evaluate whether there was bias introduced or not and ultimately whether the study has 
internal validity.  

s. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

t. This study provides direct evidence on population group, exposure, and outcomes of interest.   
u. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is very small (n=74), 

however the certainty of the evidence has already been rated as very low based on the very poor-quality risk of bias rating and thus could not be further downgraded.  
v. Study did not adjust for confounding variables. 
w. Silva DG, Priore SE, & Franceschini SCC. Risk factors for anemia in infants assisted by public health services: the importance of feeding practices and iron 

supplementation. J Pediatr. 2007; 83(2): 149-156. This cross-sectional study included 205 children aged 6-12 months living in the municipality of Vicosa, Minas Gerais, 
Brazil.  

x. This was a cross-sectional observational study conducted between July 2002-April 2003. Frequency of FV, ASF, and NPS were measured using a FFQ and 24hr recall. 
Frequency of FV was defined as consumption of food item in previous 24hrs versus no consumption in previous 24hrs. Anemia was defined as hemoglobin <11 g/dL. 

y. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a poor to fair rating. Firstly, there is very limited detail provided on the methodology 
which makes it challenging to evaluate if there is internal validity. Some considerations to note include lack of sample size justification and no details are provided on 
participation rate of eligible participants. Furthermore, there is a small sample size with no details provided for baseline characteristics of study sample.  

z. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level. 

aa. This study provides direct evidence on population group, exposure, and outcomes of interest.   
bb. The confidence interval around the effect is relatively wide (OR=1.21; 95%CI: 0.67-2.21) and the sample size is small (n=205) thus we have downgraded the certainty of 

evidence for this outcome by 1 level. However, it should be noted that this study already has a certainty rating of very low based on the very poor-quality risk of bias rating.   
cc. Study did not adjust for confounding variables. 
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dd. Bjelland M, Brantsaeter AL, Haugen M, Meltzer HM, Nystad W, & Andersen LF. Changes and tracking of fruit, vegetables and sugar-sweetened beverages intake 
from 18 months to 7 years in the Norwegian mother and child cohort study. BMC Public Health. 2013; 13:793. This longitudinal cohort study took place in a mixture or 
urban and rural locations in Norway with 9,025 mother infant pairs.  

ee. This was a longitudinal cohort study using data from the nation-wide Norwegian Mother and Child Cohort Study, conducted between 1999-2008, with data collection 
occurring at three time points over 5.5 years (18 months, 36 months, and 7 years of age). Frequency of FV was measured using a questionnaire at the 3 time points. 
Frequency was categorized into 3 variables: low, medium, and high. For vegetables, low consumption was defined as ≤ 5 times/week, medium was defined as 5.1-7 
times/week, and high was defined as >7 times/week.  

ff. NIH tool for observational cohort and cross-sectional studies used. Overall, study has a rating of poor and lacks internal validity. Hard to determine whether information bias 
has occurred due to missing methods and detail in the report. For example, study population, exposure measures, and outcome measures are never clearly defined. 
Additionally, the study does not report accounting for any confounding variables, and it appears that measurement bias could have occurred. Results should be interpreted 
with caution.  

gg. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

hh. This study provides direct evidence on population group, exposure, and outcomes of interest.   
ii. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should be noted that the sample size is large (n=9,025 mother 

infant pairs), however given the lack of confidence intervals provided we have downgraded the certainty of evidence for this outcome by 1 level.    
jj. Study did not adjust for confounding variables. 
 

 
Table C2: GRADE table for fruit 
 

Question: Should more frequent consumption of fruit compared to less frequent consumption of fruit be used for better dietary and health outcomes later in life?  
  

Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Wasting (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg and measurement of recumbent length using an 
infant length board with a precision of 0.1cm. Wasting was defined as weight for length z-score less than 2 SD below the mean and was determined using WHO Anthro 
2005 v.2.0.4 software).   

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none  Frequency of eating fruits was not associated 
with wasting. 19.9% (n=28), 26.1% (n=42), and 
20% (n=18) of those who consumed fruits ≥3 
times/week, 1-2 times/ week, and never were 
wasted, respectively (p=0.356 between 
groups). g  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Underweight (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg. Age was determined through interview with 
the infant’s mother. Underweight was defined as a weight for age z-score less than 2 SD below the mean and was determined using WHO Anthro 2005 v.2.0.4 software). 

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none Frequency of eating fruits was not associated 
with being underweight. 26.2% (n=37), 26.1% 
(n=42), and 26.7% (n=24) of those who 
consumed fruits ≥3 times/week, 1-2 times/ 
week, and never were underweight, 
respectively (p=0.995 between groups). g  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  
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Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Stunting (Assessed with: measurement of recumbent length using an infant length board with a precision of 0.1cm. Age was determined through interview with the 
infant’s mother. Stunting was defined as length for age less than -2 and was determined using WHO Anthro 2005 v.2.0.4 software). 

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f   none  Frequency of eating fruits was not associated 
with stunting. 30.5% (n=43), 25.5% (n=41), and 
27.8% (n=25) of those who consumed fruits ≥3 
times/week, 1-2 times/ week, and never were 
stunted, respectively (p=0.623 between 
groups). g 

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Height-for-age Z-score (Follow up: 7 months; Assessed with: measurement of recumbent length to the nearest mm by trained staff using a measuring board. 
Recumbent length was measured in September 2002, and then again 7 months later during the survey administration. Age was determined using the IPTc trial 
database of the study area). 

1 h  observational 
studies i  

serious 
j  

serious k  not serious l  serious m  none  In breastfed children aged 9-23 months, those 
who consumed fruit 0-2 days/week and ≥ 3 
days/week had a mean HAZ of -1.02 
(SD=0.93) and  
-0.75 (SD=0.94), respectively. In age-adjusted 
models, mean HAZ was  
-1.04 (p=0.051) and -0.71 (p=0.059), 
respectively, demonstrating a trend that points 
to lower HAZ with less fruit consumption. n  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Linear Growth (Follow up: 7 months; Assessed with: measurement of recumbent length to the nearest mm by trained staff using a measuring board in September 
2002. Followed by a second measurement 7 months later during the survey administration, this time measured as standing height. Height increments were computed 
as the difference between measurements taken during the survey and in September 2002, divided by the precise duration and multiplied by 7 months (I.e., the average 
duration of the interval under study). No adjustment was made for the change in measuring technique (I.e., standing height instead of recumbent length).   

1 h  observational 
studies i  

serious 
j  

serious k  not serious l  serious m  none  Fruit consumption was positively associated 
with linear growth in fully adjusted models 
(means: 7.9cm and 8.7cm height increment 
over the preceding 7 months for rare and 
frequent consumption, respectively, p=0.027). o 

⨁◯◯◯ 

VERY 
LOW 

IMPORTANT  

Anemia (Assessed with: blood samples obtained through heel or ring finger puncture. Capillary blood was collected in a microcube and the hemoglobin measurement 
was obtained by direct reading on a portable hemoglobinometer (Hemocue ®). A hemoglobin concentration of 11g/dL was adopted as the cut-off point for the 
diagnosis of anemia). 



 6 

Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

1 p  observational 
studies q  

very 
serious 

r  

serious s  not serious t  serious u  none  Fruit consumption was not significantly 
associated with anemia prevalence when 
considering consumption in the past 24 hours. 
For those who did not consume fruit in the past 
24 hours, compared to those who did, the odds 
of having anemia were 1.24 times greater (95% 
CI: 0.25-6.75, p=0.537). 57.4% (n=113) and 
62.5% (n=5) of those who consumed fruit in the 
past 24 hours and not, had anemia, 
respectively.  
When looking at daily vs < than daily 
frequencies, fruit consumption was significantly 
associated with anemia prevalence. In the 
adjusted model, those who consumed fruit < 
daily, compared to daily, had 1.88 (95% CI: 
1.03-3.42, p=0.003) greater odds of having 
anemia. 48.7% (n=55) and 68.5% (n=63) of 
those who consumed fruit daily and < daily had 
anemia, respectively. v  

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

% Stability and Change in Fruit Consumption (Follow up: 5.5 years; Assessed with: a questionnaire at 3 time points (18 months, 36 months, and 7 years of child age), 
reported by a parent). 

1 w  observational 
studies x  

very 
serious 

y  

serious z  not serious 
aa  

serious bb  none  For boys, overall fruit consumption at 18 
months was positively associated with overall 
fruit consumption at 36 months (spearman’s 
rho=0.36) and at 7 years of age (spearman’s 
rho=0.23). 
For girls, overall fruit consumption at 18 
months was positively associated with overall 
fruit consumption at 36 months (spearman’s 
rho=0.36) and at 7 years of age (spearman’s 
rho=0.24). cc 

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

Explanations 
a. Ahmad A, Madanijah S, Dwiriani CM, & Kolopaking R. Complementary feeding practices and nutritional status of children 6-23 months old: formative study in 

Aceh, Indonesia. Nutrition Research and Practice. 2018; 12(6): 512-520. This cross-sectional study took place in 3 sub-districts in Aceh Besar District, Indonesia with 
392 healthy children aged 6-23 months.   

b. This was a cross-sectional observational study conducted between May-June 2016. Mother’s provided detail on frequency of FV, ASF, and NPS consumption through 3 
repeated 24hr recalls. Frequency for fruit consumption was defined as ≥3 times/week, 1-2 times/ week, and never. 

c. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a low risk of selection bias, information bias, and measurement bias and has been 
rated as good quality for internal validity of cross-sectional studies.  
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d. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

e. This study provides direct evidence on population group, exposure, and outcomes of interest.   
f. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is relatively small 

(n=392). We have downgraded the certainty of evidence for this outcome by 1 level.    
g. Study did not adjust for confounding variables. 
h. Ntab B, Simondon KB, Milet J, Cissé B, Sokhna C, Boulanger D, et al. A Young Child Feeding Index Is Not Associated with Either Height-for-Age or Height 

Velocity in Rural Senegalese Children. The Journal of Nutrition. 2004; 135(3): 457-464. This cross-sectional study took place in rural Senegal with 543 children aged 6-
42 months who were included in the Intermittent Preventive Malaria Treatment in children (IPTc) trial.  

i. This was a cross-sectional observational study conducted between April-May 2003. Measurements of height and weight were obtained in September 2002 and again 7 
months later during survey administration. Height and weight measurements were taken by trained staff using a measuring board and a Seca baby scale, respectively. 
Caregivers provided detail on frequency of FV and ASF consumption by 24hr recall. Additionally, the number of days each food group had been consumed during the 
preceding week was also assessed. Frequency was defined as 0-2 days/week and ≥ 3 days/week. A second definition for frequency was characterized as rare and frequent 
consumption but was never further defined in the paper. 

j. NIH tool for observational cohort and cross-sectional studies used. Overall, this study presents some concerns for bias. Firstly, it should be noted that data on food 
consumption was attained from April to May 2003, while height increment was measured in 2002 and 2003. As food consumed in 2003 does not necessarily mean the child 
had consumed the same food back in 2002, this may lead to inaccuracies in the association between frequency of food consumption and height increment. Secondly, 7 
months may not be long enough to cause a significant change in height. Caution should be taken when interpreting results from this study.  

k. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

l. This study provides direct evidence on population group, exposure, and outcomes of interest.   
m. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is relatively small 

(n=543). We have downgraded the certainty of evidence for this outcome by 1 level.    
n. Adjusted model by child age.  
o. Adjusted model by child age, sex, malaria study intervention group, maternal height, BMI, schooling, and number of children 5 years old.  
p. Silva DG, Priore SE, & Franceschini SCC. Risk factors for anemia in infants assisted by public health services: the importance of feeding practices and iron 

supplementation. J Pediatr. 2007; 83(2): 149-156. This cross-sectional study included 205 children aged 6-12 months living in the municipality of Vicosa, Minas Gerais, 
Brazil.  

q. This was a cross-sectional observational study conducted between July 2002-April 2003. Frequency of FV, ASF, and NPS were measured using a FFQ and 24hr recall. 
Frequency of FV was defined as consumption of food item in previous 24hrs versus no consumption in previous 24hrs. Additionally for fruit, frequency was defined as 
consumed daily versus less than daily. Anemia was defined as hemoglobin <11 g/dL. 

r. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a poor to fair rating. Firstly, there is very limited detail provided on the methodology 
which makes it challenging to evaluate if there is internal validity. Some considerations to note include lack of sample size justification and no details are provided on 
participation rate of eligible participants. Furthermore, there is a small sample size with no details provided for baseline characteristics of study sample.  

s. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

t. This study provides direct evidence on population group, exposure, and outcomes of interest.   
u. The confidence interval around the effect is relatively wide (OR=1.88; 95%CI: 1.03-3.42) and the sample size is small (n=205) thus we have downgraded the certainty of 

evidence for this outcome by 1 level. However, it should be noted that this study already has a certainty rating of very low based on the very poor-quality risk of bias rating.   
v. Adjusted model by family income per capita and consumption of medicated iron supplements.  
w. Bjelland M, Brantsaeter AL, Haugen M, Meltzer HM, Nystad W, & Andersen LF. Changes and tracking of fruit, vegetables and sugar-sweetened beverages intake 

from 18 months to 7 years in the Norwegian mother and child cohort study. BMC Public Health. 2013; 13:793. This longitudinal cohort study took place in a mixture or 
urban and rural locations in Norway with 9,025 mother infant pairs.  

x. This was a longitudinal cohort study using data from the nation-wide Norwegian Mother and Child Cohort Study, conducted between 1999-2008, with data collection 
occurring at three time points over 5.5 years (18 months, 36 months, and 7 years of age). Frequency of FV was measured using a questionnaire at the 3 time points. 
Frequency was categorized into 3 variables: low, medium, and high. For fruits, low consumption was defined as ≤ 5 times/week, medium was defined as 5.1-13.9 
times/week, and high was defined as >14 times/week. 

y. NIH tool for observational cohort and cross-sectional studies used. Overall, study has a rating of poor and lacks internal validity. Hard to determine whether information bias 
has occurred due to missing methods and detail in the report. For example, study population, exposure measures, and outcome measures are never clearly defined. 
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Additionally, the study does not report accounting for any confounding variables, and it appears that measurement bias could have occurred. Results should be interpreted 
with caution.  

z. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.  

aa. This study provides direct evidence on population group, exposure, and outcomes of interest.   
bb. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should be noted that the sample size is large (n=9,025 mother 

infant pairs), however given the lack of confidence intervals provided we have downgraded the certainty of evidence for this outcome by 1 level.    
cc. Study did not adjust for confounding variables. 

 
 

Table C3: GRADE table for legumes and beans 
 

Question: Should more frequent consumption of legumes and beans compared to less frequent consumption of legumes and beans be used for better dietary and health outcomes 
later in life?  
  

Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Wasting (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg and measurement of recumbent length using an 
infant length board with a precision of 0.1cm. Wasting was defined as weight for length z-score less than 2 SD below the mean and was determined using WHO Anthro 
2005 v.2.0.4 software).   

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none  Frequency of eating legumes was not associated 
with wasting. 25.9% (n=15), 24% (n=37), and 
20% (n=36) of those who consumed legumes ≥3 
times/week, 1-2 times/ week, and never were 
wasted, respectively (p=0.542 between groups). g  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Underweight (Assessed with: measurement of body weight using a portable Tanita digital scale with a precision of 0.1kg. Age was determined through interview with 
the infant’s mother. Underweight was defined as a weight for age z-score less than 2 SD below the mean and was determined using WHO Anthro 2005 v.2.0.4 software). 

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none  Frequency of eating legumes was not associated 
with being underweight. 36.2% (n=21), 25.3% 
(n=39), and 23.9% (n=43) of those who 
consumed legumes ≥3 times/week, 1-2 times/ 
week, and never were underweight, respectively 
(p=0.174 between groups). g  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  

Stunting (Assessed with: measurement of recumbent length using an infant length board with a precision of 0.1cm. Age was determined through interview with the 
infant’s mother. Stunting was defined as length for age less than -2 and was determined using WHO Anthro 2005 v.2.0.4 software). 

1 a  observational 
studies b  

not 
serious 

c  

serious d  not serious e  serious f  none  Frequency of eating legumes was not associated 
with stunting. 32.8% (n=19), 27.9% (n=43), and 
26.1% (n=47) of those who consumed legumes 
≥3 times/week, 1-2 times/ week, and never were 
stunted, respectively (p=0.618 between groups). 
g  

⨁◯◯◯ 

VERY 
LOW 

CRITICAL  
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Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Anemia (Assessed with: blood samples obtained through heel or ring finger puncture. Capillary blood was collected in a microcube and the hemoglobin measurement 
was obtained by direct reading on a portable hemoglobinometer (Hemocue ®). A hemoglobin concentration of 11g/dL was adopted as the cut-off point for the 
diagnosis of anemia). 

1 h  observational 
studies i  

very 
serious 

j  

serious k  not serious l  serious m  none  Consumption of beans was not significantly 
associated with anemia prevalence. For those 
who consumed beans < daily, compared to daily, 
the odds of having anemia were 0.8 times less 
(95% CI: 0.36-1.78, p=0.550). 58.5% (n=100) 
and 52.9% (n=18) of those who consumed beans 
daily and <daily had anemia, respectively. n  

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

Explanations 
a. Ahmad A, Madanijah S, Dwiriani CM, & Kolopaking R. Complementary feeding practices and nutritional status of children 6-23 months old: formative study in 

Aceh, Indonesia. Nutrition Research and Practice. 2018; 12(6): 512-520. This cross-sectional study took place in 3 sub-districts in Aceh Besar District, Indonesia with 
392 healthy children aged 6-23 months.   

b. This was a cross-sectional observational study conducted between May-June 2016. Mother’s provided detail on frequency of FV, ASF, and NPS consumption through 3 
repeated 24hr recalls. Frequency for NPS consumption was defined as ≥3 times/week, 1-2 times/ week, and never. 

c. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a low risk of selection bias, information bias, and measurement bias and has been 
rated as good quality for internal validity of cross-sectional studies.  

d. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.   

e. This study provides direct evidence on population group, exposure, and outcomes of interest.   
f. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should also be noted that the sample size is relatively small 

(n=392). We have downgraded the certainty of evidence for this outcome by 1 level.    
g. Study did not adjust for confounding variables. 
h. Silva DG, Priore SE, & Franceschini SCC. Risk factors for anemia in infants assisted by public health services: the importance of feeding practices and iron 

supplementation. J Pediatr. 2007; 83(2): 149-156. This cross-sectional study included 205 children aged 6-12 months living in the municipality of Vicosa, Minas Gerais, 
Brazil.  

i. This was a cross-sectional observational study conducted between July 2002-April 2003. Frequency of FV, ASF, and NPS were measured using a FFQ and 24hr recall. 
Frequency of NPS consumption was defined as consumed daily versus less than daily. Anemia was defined as hemoglobin <11 g/dL. 

j. NIH tool for observational cohort and cross-sectional studies used. Overall, this study has a poor to fair rating. Firstly, there is very limited detail provided on the methodology 
which makes it challenging to evaluate if there is internal validity. Some considerations to note include lack of sample size justification and no details are provided on 
participation rate of eligible participants. Furthermore, there is a small sample size with no details provided for baseline characteristics of study sample.  

k. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.   

l. This study provides direct evidence on population group, exposure, and outcomes of interest.   
m. The confidence interval around the effect is relatively wide (OR=0.80; 95%CI: 0.36-1,78) and the sample size is small (n=205) thus we have downgraded the certainty of 

evidence for this outcome by 1 level. However, it should be noted that this study already has a certainty rating of very low based on the very poor-quality risk of bias rating.  
n. Study did not adjust for confounding variables. 

 
Table C4: GRADE table for fruit and vegetables combined 
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Question: Should more frequent consumption of fruit and vegetables compared to less frequent consumption of fruit and vegetables be used for better dietary and health outcomes 
later in life?  
  

Certainty assessment 

Impact  Certainty Importance 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

Stunting (Assessed with: the China Food and Nutrition Surveillance System (CFNSS). The CFNSS uses the Z-score as recommended by WHO to evaluate the growth 
and development of infants and young children).  

1 a  observational 
studies b  

very 
serious 

c 

serious d  not serious e  serious f  none  Frequency of eating vegetables and fruits was 
associated with stunting prevalence. For those 
who consumed vegetables and fruits weekly, 
monthly, and < once per month or none, 
compared to daily, the odds of being stunted 
were 1.739 (p=0.00), 1.698 (p=0.03), and 1.768 
(p=0.00) times greater, respectively. g 

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

Underweight (Assessed with: the CFNSS which uses the Z-score as recommended by WHO to evaluate the growth and development of infants and young children). 

1 a  observational 
studies b   

very 
serious 

c 

serious d  not serious e  serious f  none Frequency of eating vegetables and fruits was 
associated with underweight prevalence. For 
those who consumed vegetables and fruits 
weekly, monthly, and < once per month or none, 
compared to daily, the odds of being underweight 
were 1.908 (p=0.00), 1.566 (p=0.10), and 1.478 
(p=0.01) times greater, respectively. g 
 

⨁◯◯◯ 

VERY 
LOW  

CRITICAL  

Explanations 
 

a. Chang S, Chen C, He W, & Wang Y. Analysis on the changes of nutritional status among Chinese infants and young children -- the improvement of 
complementary feeding. Journal of Hygiene Research. 2007; 36(2):207-9.  This cross-sectional study took place in a mixture of urban and rural locations in China with 
13,107 infants aged 6-24 months old.  

b. This was a cross-sectional observational study using data from the China Food and Nutrition Surveillance System (CFNSS). Data collection occurred between 1992-2005. 
Frequency of FV consumption was defined as daily, weekly, monthly, less than once per month, or none.  

c. NIH tool for observational cohort and cross-sectional studies used. This study lacks internal validity. Firstly, the paper does not report a methods section. Thus, no detail is 
provided on the tools used to measure the exposure or outcome. The sample size is not clearly stated, and thus had to be inferred from tables. In the analysis, the reference 
arm is not reported within the tables, once again requiring the reader to infer this information from the text. Results should be interpreted with extreme caution.  

d. Inconsistencies cannot be determined given the lack of data (n=1 study) contributing to this outcome, thus we have downgraded the certainty of evidence for this outcome by 
1 level.   

e. This study provides direct evidence on population group, exposure, and outcomes of interest.   
f. This study did not provide confidence intervals, limiting the ability to make a judgement about imprecision. It should be noted that the sample size is very large (n=13,107), 

however given the lack of confidence intervals provided we have downgraded the certainty of evidence for this outcome by 1 level.    
g. Study did not adjust for confounding variables. 
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Appendix D- Summary of Study Demographics Table 
 

 
 
Appendix E- Detailed Study Characteristics of Included Studies Tables  
 
Ahmad 2018 

Methods This was a cross-sectional study conducted in May-June 2016 in 3 
sub-districts in Aceh Besar District, Indonesia.  

Participants 392 children aged 6-23 months where the mother agreed to be 
interviewed, the child was healthy, not experiencing chronic/ 
congenital diseases, such as heart abnormality, and not having 
experienced acute conditions such as fever, diarrhea, and respiratory 
infections in the previous 2 weeks.  

Interventions Mother’s provided detail on frequency of FV, ASF, and NPS 
consumption through 3 repeated 24hr recalls. Frequency for 
vegetable consumption was defined as ≥4 times/week, 1-3 times/ 
week, and never. For fruit and NPS consumption, frequency was 
defined as ≥3 times/week, 1-2 times/ week, and never. 

Outcomes Wasting, underweight, and stunting.  

 
Ntab 2005 

Methods This was a cross-sectional study conducted in rural Senegal. Food 
consumption and anthropometric survey was conducted in April-May 
2003. Measurements of height and weight were obtained in 
September 2002.  
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Participants 543 children who were included in the Intermittent Preventive 
Malaria Treatment in children (IPTc) trial, aged between 6-42 
months, residing in 1 of the 10 villages at the time of study, and 
whose mother provided oral informed consent (or by another 
primary caregiver).  

Interventions Caregiver’s provided detail on frequency of FV and ASF consumption 
by 24hr recall. Additionally, the number of days each food group had 
been consumed during the preceding week was also assessed. 
Frequency was defined as 0-2 days/week and ≥ 3 days/week. A 
second definition for frequency was characterized as rare and 
frequent consumption but was never further defined in the paper. 

Outcomes HAZ and linear growth. 

  
Wandel 1996 

Methods This was a cross-sectional study conducted in urban Norway from 
January 1991 to March 1992.  

Participants 74 healthy infants born between 1 January 1991 and 31 March 1992, 
who were brought to health control at 1 year of age at Fjell Health 
Clinic in Drammen, Norway.   

Interventions Frequency of FV and ASF consumption were measured using a FFQ 
through dietary interviews by a primary health care nurse. The FFQ 
was constructed based on dietary results from a pilot study of a small 
sample of Norwegian and immigrant children belonging to the same 
health center. Frequency of FV was defined as several per day, once 
per day, and less than once per day.  

Outcomes Iron status based on serum ferritin levels.  

  
Silva 2007 

Methods This was a cross-sectional study conducted in urban Brazil from July 
2002 to April 2003.  
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Participants 205 children aged 6-12 months living in the municipality of Viçosa, 
located in the state of Minas Gerais. 

Interventions Frequency of FV, ASF, and NPS were measured using a FFQ and 24hr 
recall. Frequency of FV was defined as consumption of food item in 
previous 24hrs versus no consumption in previous 24hrs. Additionally 
for fruit and for NPS, frequency was defined as consumed daily 
versus less than daily.  

Outcomes Anemia defined as hemoglobin <11 g/dL. 

  
Bjelland 2013 

Methods This was a longitudinal study using data from the nation-wide 
Norwegian Mother and Child Cohort Study. This study was conducted 
in a mixture of urban and rural locations in Norway from 1999 to 
2008, with data collection occurring at three time points over 5.5 
years (18 months, 36 months, and 7yrs of age).  

Participants Any pregnant woman who was recruited between the data collection 
timeframe was eligible for the study. Of all women, 38.5% consented 
to participate leaving 9,025 mother infant pairs.  

Interventions Frequency of FV was measured using a questionnaire at the 3 time 
points.  Frequency was categorized into 3 variables: low, medium, 
and high.  For vegetables, low consumption was defined as ≤ 5 
times/week, medium was defined as 5.1-7 times/week, and high was 
defined as >7 times/week. For fruits, low consumption was defined 
as ≤ 5 times/week, medium was defined as 5.1-13.9 times/week, and 
high was defined as >14 times/week. 

Outcomes Changes and tracking in intake of fruit and vegetables at 36 months 
and 7 years of age.  

  
 
Chang 2007 
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Methods This was a cross-sectional study using data from the China Food and 
Nutrition Surveillance System (CFNSS). This study was conducted in a 
mixture of urban and rural locations in China. Data collection 
occurred from 1992 to 2005. 

Participants 13,107 infants aged 6-24 months old.  

Interventions Frequency of FV was measured through the CFNSS survey and 
defined as daily, weekly, monthly, less than once per month, or none.  

Outcomes Stunting and underweight.   
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Appendix F- Risk of Bias of Included Studies Tables  
 
Ahmad 2018 

Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research question 
or objective in this paper 
clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)? 

Yes 

Was the study population 
clearly specified and 
defined? 

Yes Were the exposure measures 
clearly defined, valid, 
reliable, and implemented 
consistently across all study 
participants? 

Yes 

Was the participation rate 
of eligible persons at least 
50%? 

Yes Was the exposure(s) 
assessed more than once 
over time? 

Yes 

Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Yes Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 
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Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

Yes Were the outcome assessors 
blinded to the exposure 
status of participants? 

Not reported 

For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

Cannot 
determine 

Was loss to follow up after 
baseline 20% or less? 

Yes 

Was the timeframe 
sufficient so that one could 
reasonably expect to see 
an association between 
exposure and outcome if it 
existed? 

Not 
applicable 

Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

Cannot 
determine 

Overall Quality Rating Good 

Additional Comments Overall, study is well controlled and presents a low risk for 
bias in cross-sectional studies.  

  
Ntab 2005 

Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research question 
or objective in this paper 
clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)?  

Yes 
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Was the study population 
clearly specified and 
defined? 

Yes Were the exposure 
measures clearly defined, 
valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 

Was the participation rate 
of eligible persons at least 
50%? 

Yes Was the exposure(s) 
assessed more than once 
over time? 

No 

Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Yes Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 

Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

No Were the outcome assessors 
blinded to the exposure 
status of participants? 

No 

For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

No Was loss to follow up after 
baseline 20% or less? 

Yes 

Was the timeframe 
sufficient so that one 
could reasonably expect 
to see an association 
between exposure and 
outcome if existed? 

Cannot 
determine 

Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

Yes 
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Overall Quality Rating Fair 

Additional Comments Overall, this study presents some concerns for bias. Firstly, 
it should be noted that data on food consumption was 
attained from April to May 2003, while height increment 
was measured in 2002 and 2003. As food consumed in 2003 
does not necessarily mean the child had consumed the 
same food back in 2002, this may lead to inaccuracies in the 
association between frequency of food consumption and 
height increment. Secondly, 7 months may not be long 
enough to cause a significant change in height. Caution 
should be taken when reading results from this study.  

  
Wandel 1996 

Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research question 
or objective in this paper 
clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)?  

Yes 

Was the study population 
clearly specified and 
defined? 

No Were the exposure 
measures clearly defined, 
valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 

Was the participation rate 
of eligible persons at least 
50%? 

Yes Was the exposure(s) 
assessed more than once 
over time? 

No 



 4 

Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Yes Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 

Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

No Were the outcome assessors 
blinded to the exposure 
status of participants? 

No 

For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

No Was loss to follow up after 
baseline 20% or less? 

Yes 

Was the timeframe 
sufficient so that one could 
reasonably expect to see 
an association between 
exposure and outcome if 
existed? 

Not 
applicable 

Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

Cannot 
determine 

Overall Quality Rating Poor 

Additional Comments This study reported relatively little methodology and what 
methods are reported are unclear at times, in addition to a 
very small sample size. Because of this, it’s extremely 
challenging to evaluate whether there was bias introduced 
or not and ultimately whether the study has internal 
validity. 

  
Silva 2007 
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Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research question 
or objective in this paper 
clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)?  

Yes 

Was the study population 
clearly specified and 
defined? 

No Were the exposure 
measures clearly defined, 
valid, reliable, and 
implemented consistently 
across all study participants? 

Not reported 

Was the participation rate 
of eligible persons at least 
50%? 

Cannot 
determine 

Was the exposure(s) 
assessed more than once 
over time? 

No 

Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Yes Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

Yes 

Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

No Were the outcome assessors 
blinded to the exposure 
status of participants? 

No 
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For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

No Was loss to follow up after 
baseline 20% or less? 

Yes 

Was the timeframe 
sufficient so that one could 
reasonably expect to see 
an association between 
exposure and outcome if 
existed? 

Not 
applicable 

Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

Yes 

Overall Quality Rating Poor 

Additional Comments Overall, this study has a poor to fair rating. Firstly, there is 
very limited detail provided on the methodology which 
makes it challenging to evaluate if there is internal validity. 
Some considerations to note include lack of sample size 
justification, no mention of loss-to-follow up, or details 
provided on participation rate of eligible participants. 
Furthermore, there is a small sample size with no details 
provided for baseline characteristics of study sample.  

  
Bjelland 2013 

Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research 
question or objective in 
this paper clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)?  

Yes 
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Was the study population 
clearly specified and 
defined? 

No Were the exposure 
measures clearly defined, 
valid, reliable, and 
implemented consistently 
across all study participants? 

No 

Was the participation rate 
of eligible persons at least 
50%? 

No Was the exposure(s) 
assessed more than once 
over time? 

Yes 

Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Cannot 
determine 

Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

No 

Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

No Were the outcome assessors 
blinded to the exposure 
status of participants? 

No 

For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

Yes Was loss to follow up after 
baseline 20% or less? 

No 

Was the timeframe 
sufficient so that one 
could reasonably expect 
to see an association 
between exposure and 
outcome if existed? 

Yes Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

No 



 8 

Overall Quality Rating Poor 

Additional Comments Overall, study has a rating of poor and lacks internal validity.  
Hard to determine whether information bias has occurred 
due to missing methods and detail in the report. For 
example, study population, exposure measures, and 
outcome measures are never clearly defined. Additionally, 
the study does not report accounting for any confounding 
variables, and it appears that measurement bias could have 
occurred. Results should be interpreted with caution.   

  
Chang 2007 

Criteria Authors’ 
Judgement 

Criteria Authors’ 
Judgement 

Was the research question 
or objective in this paper 
clearly stated?  

Yes For exposures that can vary 
in amount or level, did the 
study examine different 
levels of the exposure as 
related to the outcome (e.g., 
categories of exposure, or 
exposure measured as a 
continuous variable)?  

Yes 

Was the study population 
clearly specified and 
defined? 

No Were the exposure measures 
clearly defined, valid, 
reliable, and implemented 
consistently across all study 
participants? 

No 

Was the participation rate 
of eligible persons at least 
50%? 

Cannot 
determine 

Was the exposure(s) 
assessed more than once 
over time? 

No 
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Were all the subjects 
selected or recruited from 
the same or similar 
populations (including the 
same time period)? Were 
inclusion and exclusion 
criteria for being in the 
study prescribed and 
applied uniformly to all 
participants? 

Cannot 
determine 

Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently 
across all study participants? 

No 

Was a sample size 
justification, power 
description, or variance 
and effect estimates 
provided? 

No Were the outcome assessors 
blinded to the exposure 
status of participants? 

Cannot 
determine 

For the analyses in this 
paper, were the 
exposure(s) of interest 
measured prior to the 
outcome(s) being 
measured? 

Cannot 
determine 

Was loss to follow up after 
baseline 20% or less? 

Cannot 
determine 

Was the timeframe 
sufficient so that one could 
reasonably expect to see 
an association between 
exposure and outcome if it 
existed? 

Not 
applicable 

Were key potential 
confounding variables 
measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)? 

Cannot 
determine 

Overall Quality Rating Poor 
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Additional Comments This study lacks internal validity. Firstly, the paper does not 
report a methods section. Thus, no detail is provided on 
tools used to measure the exposure or outcome. The 
sample size is not clearly stated, and thus had to be 
inferred from tables. In the analysis, the reference arm is 
not reported within the tables, once again requiring the 
reader to infer this information from the text. Results 
should be interpreted with extreme caution. 

  
  
 


