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Abstract

Background: The nutritional status may be poor and affect attention, school attendance, cognitive
processing, and educational attainment, and excess weight may also be associated with poor quality
diets. The aim of the study was to evaluate the nutritional status of primary school children and its
association with academic achievement.

Methods: The methods used in this study were a school based cross sectional study involving 420
children aged 6-11 years who were selected using multistage sampling from four primary schools.
Standardized procedures were used to measure height and weight. World Health Organization 2007
reference was used to calculate height-for-age and body-mass-index-for-age z scores. Academic
performance was based on the average percentage obtained in language, mathematics, environmental
science and previous term examination. Data on the frequency of breakfast consumption, dietary
diversity, school absence, parental education and socioeconomic factors were collected by parent-
assisted questionnaires.

Results: 13.1% of children were stunted, 17.4% were thin and 9.5% were overweight/obese. The
overall academic score was 65.4+12.2%. The mean scores were significantly different between
nutritional status categories: normal nutritional status 68.7+10.9%, thinness 61.2+11.6%, stunting
58.9+10.8%, and overweight/obesity 64.5+12.1% (p<0.001). Children who consumed breakfast at least
five days per week had higher scores than children who often did not eat breakfast (69.1+10.7% vs
61.6£12.4%, respectively, p<0.001). In multivariable analysis, stunting (=-6.2, p<0.001), thinness
(B=-4.3, p=0.002), low dietary diversity (p=-5.6, p<0.001), and school absence (=-0.58 per day,
p<0.001) independently predicted lower performance.

Conclusions: Undernutrition, breakfast skipping and low dietary diversity were correlated with
academic performance. Combined school nutrition screening, nutrition support, attendance monitoring,
and family nutrition education can enhance health and learning.
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Introduction:-

The primary school years involve further physical development, language and numeracy skills
consolidating, and the need for more attention, memory and executive functioning. It is possible that
nutritional deficits during this time will have a direct impact on learning capacity through diminished
neurocognitive functioning, as well as indirect impacts through fatigue, illness, diminished
participation, and school absences. A literature review of school health research found that, while
study designs and outcome measures differ, the relationship between nutrition status and dietary

behaviors and school attendance, cognition and educational performance is consistently found. [1]

Family education, household resources, teaching quality, attendance, motivation, and health are all
factors that affect academic achievement. Nutrition is not a single factor, but can influence a child's
capacity to learn. The overall diet quality was positively correlated with the standardized assessment
performance in a population-based study after adjustment for socioeconomic factors. In addition, all
food insecurity has been correlated with reduced reading and mathematics scores, as well as negative
social skills and weight gain, suggesting that the amount and consistency of food intake are important.
[2-3]

Breakfast has been a focal point as overnight fasting could impact glucose availability in the morning,
attention, and classroom behavior. The systematic review revealed generally positive effects of
breakfast consumption on on-task behavior and academic outcomes, especially among nutritionally
vulnerable children. In rural Ugandan schools, eating breakfast and midday meals were linked to
improved achievement, suggesting that frequent meals during the school day may have a positive

impact in resource-limited schools. [4-5]

The effects of chronic undernutrition may be more long lasting. Stunting in early childhood has been
linked to reduced cognitive functioning, academic performance, and behavior during childhood. [6]
Linear growth failure in the first 2 years of life was a predictor of cognitive function at school age,
indicating that current height-for-age status may be a proxy for early cumulative nutrition
disadvantage. Long-term follow-up of growth stunted Jamaican children showed that early nutritional

supplementation and psychosocial stimulation had a later impact on cognition and education outcomes.
[7-8]
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Even if anthropometric deficiencies are relatively small, micronutrient deficiencies could also impact
memory, reasoning and school performance. There is some evidence from systematic review that

multiple micronutrient supplementation may have small beneficial effects on some cognitive domains

and academic outcomes, but effects are variable and supplementation is not a substitute for a good diet.
Fortified foods have demonstrated potential to improve micronutrient status and some functional
outcomes of schoolchildren, with program effects being dependent on baseline micronutrient
deficiency, adherence, food vehicle, and educational context. Nutrition during pregnancy, infancy and
school-age years can affect neurodevelopment by influencing neuronal proliferation, myelination,

neurotransmitter synthesis and metabolic function. [9-11]

Undernutrition is now co-existing with overweight in many communities, leading to undernutrition and
overweight together, or a double burden. Excess body weight children may be eating enough calories,
but not eating the right food, not exercising enough, not sleeping well, or having social or emotional
problems that affect their ability to learn in class. School reforms that do not address health barriers
could then not be successful in closing educational gaps. Local studies which assess height-for-age,
BMI-for-age, breakfast consumption, dietary diversity, attendance and parental factors simultaneously
are helpful in identifying modifiable targets. The objective of the present study was to find out the
nutritional status of primary school children and its association with their academic performance. A
secondary objective was to determine nutritional and social factors associated with poor academic

performance after controlling for potential confounding factors.
Materials and Methods

The study was conducted as a cross sectional study in four government and government aided primary
schools in the urban and peri-urban communities. Before data analysis, children in standards I to V

were examined under the regular school system which was used for academic assessment.
The number of samples and sampling.

With 50% prevalence of suboptimal nutritional status, 5% absolute precision, 95% confidence, design
effect of 1.1 and 10% allowance for non-response, the target sample size was 423. Schools were
chosen to represent various catchment areas. The sampling frames were class-wise enrollment lists in
each school and children were selected by systematic random sampling in proportion to their class
sizes. A total of 420 children (out of 432 invited) were included in the analysis because they had

complete anthropometry, questionnaire, and academic records.

Eligibility criteria
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Children were eligible if they were attending the selected school for one or more academic terms and
their parent/guardian gave written consent, and if they were between 6 and 11 years old. Children with

known chronic renal, cardiac, endocrine, neurologic and genetic disorders that affect growth, children

who were taking long-term corticosteroids, children with physical conditions that made it difficult to
accurately measure standing height and children who did not have complete examination records were

excluded.
Anthropometric assessment

The child's weight was obtained on a calibrated digital scale, in light clothing and without shoes, to the
nearest 0.1 kg. Standing height was determined to the nearest 0.1 cm with a portable stadiometer with
the Frankfort plane horizontal. Two readings were taken, and a third was taken if the difference was
greater than 0.2 kg or 0.5 cm, and the average of the two closest readings was used. The WHO 2007
school-age growth reference was used to calculate height-for-age z score and BMI-for-age z score.
Stunting was classified as height-for-age z score < -2 SD, thinness as BMI-for-age < -2 SD, overweight
as BMI-for-age > +1 SD and obesity as BMI-for-age > +2 SD. Children were classified as stunted, thin

(not stunted), normal or overweight/obese for mutually exclusive comparisons.
Assessment of diet and household.

A parent-assisted questionnaire obtained usual breakfast frequency, number of food groups eaten on
the day before, frequency of fruit, vegetable, pulse, milk, egg, and packaged-snack consumption,
household size, parental education, occupation and a socioeconomic category based on household
assets. Regular breakfast was defined as eating breakfast at least 5 school days per week. Dietary
diversity was rated based on seven food groups (0-3, 4-5, and 67 low, moderate, and high dietary
diversity, respectively). If the response was incomplete, questionnaires were checked with the child

and parent.
Academic achievement and attendance.

Academic performance data was from official school records. The main result was the average of the
percentage scores in the four areas (language, mathematics, environmental science, and the most recent
term examination). Poor performance was defined a priori as an overall score less than 50%.
Attendance registers were used to record the number of school days missed in the term before. The
teachers were not given any information about the child's nutritional status when they abstracted the

SCOrces.

Statistical analysis
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Data were analyzed in SPSS version 20.0. Independent-samples t tests or one-way analysis of variance
with Tukey post hoc tests were used to compare means. Chi-square tests were used for categorical

variables. Pearson correlation was used for continuous anthropometric z scores and academic

percentage. Independent predictors of the continuous academic score were identified using multiple
linear regression. Poor performance was estimated using logistic regression adjusted odds ratios
(aORs). The following factors were taken into account: age, sex, school, parental education,
socioeconomic category, nutritional status, breakfast, dietary diversity and absence days. The
collinearity and residual assumptions were explored. A two-sided p value of < 0.05 was deemed

statistically significant.

Results

The mean age of the 420 participants was 8.6+1.5 years; 218 (51.9%) were boys. Stunting was
identified in 55 children (13.1%), thinness without stunting in 73 (17.4%), normal nutritional status in
252 (60.0%), and overweight/obesity in 40 (9.5%). Stunting and thinness were more frequent in the
lowest socioeconomic category and among children whose mothers had not completed secondary
education. Overweight/obesity was more frequent in the highest socioeconomic group. Regular
breakfast consumption was reported by 255 children (60.7%), while 107 (25.5%) had low dietary
diversity (Table 1).

The overall mean academic score was 65.4+12.2%. Children with normal nutritional status
achieved the highest mean score (68.7+10.9%), followed by overweight/obese children (64.5+12.1%),
thin children (61.2+11.6%), and stunted children (58.9+10.8%). The overall difference was significant
(p<0.001). Tukey testing showed lower scores among stunted and thin children than among children
with normal nutritional status. Mathematics and language scores showed similar patterns. Stunted
children also had more absence days than normal children (8.4+5.9 vs 4.9+4.1 days; p<0.001). The
proportion with poor performance was 36.4% among stunted children, 27.4% among thin children,

12.3% among normal children, and 22.5% among overweight/obese children (Table 2).

Regular breakfast consumers had a higher academic score than frequent breakfast skippers
(69.1+£10.7% vs 61.6+12.4%; p<0.001). Mean scores increased across dietary-diversity categories:
59.7£11.8% for low, 65.8+11.3% for moderate, and 70.0£10.4% for high diversity (p<0.001). Height-
for-age z score correlated positively with academic score (r=0.28, p<0.001), while BMI-for-age

showed a weak inverted-U relationship and no significant linear correlation (r=0.06, p=0.209).

In the adjusted linear model, stunting was associated with a 6.2-point lower academic score and
thinness with a 4.3-point lower score compared with normal nutritional status. Low dietary diversity

was associated with a 5.6-point decrement, while regular breakfast was associated with a 4.8-point
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increment. Each additional absent day predicted a 0.58-point decrease. Maternal secondary or higher
education was positively associated with performance. The model explained 38% of score variance.

Logistic regression showed higher adjusted odds of poor performance with stunting (aOR 2.71),

thinness (aOR 1.94), breakfast skipping (aOR 2.36), low dietary diversity (aOR 2.58), and eight or

more absence days (aOR 3.10) (Table 3).

Table 1. Participant characteristics and nutritional indicators (N=420)

Characteristic n (%) or mean+SD

Age, years 8.6£1.5

Boys 218 (51.9)
Stunted 55 (13.1)
Thin (without stunting) 73 (17.4)
Normal nutritional status 252 (60.0)
Overweight/obese 40 (9.5)

Regular breakfast (>5 school days/week) 255 (60.7)
Low dietary diversity 107 (25.5)
Maternal secondary/higher education 248 (59.0)
Lowest socioeconomic category 128 (30.5)
Absence days in preceding term 5.6+4.8

Overall academic score, % 65.4+12.2

Nutritional categories were mutually exclusive for comparative analysis.

Table 2. Academic performance according to nutritional status

_ . Normal Overweight/obese

Outcome Stunted (n=55) | Thin (n=73) (1=252) (n=40) p-value
GUerlseors | 5804108 | 6126116 | 6874109 64.5£12.1 <0.001
Language 60.1£12.0 62.4+12.5 69.8+11.4 66.0£12.6 <0.001
score, %
Mathematics 55.8+13.4 58.7+13.0 67.1£12.5 62.3£13.9 <0.001
score, %
Environmental | 5 7,11 9 62.6+12.3 69.2+11.2 65.1£12.5 <0.001
science, %
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Absence days 8.4+5.9 6.8+5.1 4.9+4.1 5.744.9 <0.001
Poor

performance 20 (36.4) 20 (27.4) 31 (12.3) 9(22.5) <0.001
(<50%), n (%)

Values are mean£SD or n (%). One-way ANOVA or chi-square test used as appropriate.

Table 3. Adjusted predictors of academic performance

Linear regression OIS DO
Predictor og p-value performance (95% p-value
B (95% CI) cI)

Stunting -6.2 (-8.9t0 -3.5) <0.001 2.71 (1.39-5.29) 0.003
Thinness -4.3(-7.0to -1.6) 0.002 1.94 (1.02-3.69) 0.043
Overweight/obesity | -2.1 (-5.5to 1.3) 0.225 1.56 (0.68-3.59) 0.294
Regular breakfast +4.8 (2.910 6.7) <0.001 0.42 (0.24-0.72) 0.002
Low dictary 5.6 (-7.9t0 -3.3) <0.001 2.58 (1.43-4.65) 0.002
diversity
Maternal
secondary/higher +3.9 (2.0 t0 5.8) <0.001 0.53(0.31-0.91) 0.022
education
Each additional -0.58 (-0.76 to -
absence day 0.40) <0.001 o o
>8 absence days — — 3.10 (1.72-5.58) <0.001

Reference categories: normal nutritional status, irregular breakfast, moderate/high dietary diversity,
and maternal education below secondary level. Models adjusted for age, sex, school, socioeconomic
category, parental education, and household size. [ values are unstandardized percentage-point

differences; aOR: adjusted odds ratio.
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Discussion

A double burden of malnutrition was found in primary school children, with almost one third stunted
or thin, and around one tenth overweight or obese. Nutritional status showed difference in academic
performance, the lowest performance was among the stunted children and the highest among the
children with normal nutritional status. Association persisted after controlling for demographic and
socioeconomic factors. Breakfast, dietary diversity, maternal education, and attendance also had
independent effects, suggesting that the effects of education are mediated by interacting biological,

family, and school-level factors.

The lower scores for stunted children are consistent with the evidence of cumulative nutritional
deprivation and adverse developmental exposures that are linked to chronic growth restriction. Chang
et al. concluded that those children who were stunted in early childhood exhibited lower school
performance and behavior in later years. Mendez and Adair showed that linear growth failure in early
childhood was associated with poorer cognitive test performance in late childhood when it was severe.
The persistence of disadvantage was also seen in the follow-up of growth stunted Jamaican children, in
which early nutrition and psychosocial interventions were found to have an impact on cognition and

educational outcomes in adolescence, highlighting the potential for change. [8]

Being thin was also an independent predictor of lower academic scores. Low BMI-for-age can be a
sign of poor current energy intake, repeated infections or household food insecurity that can lead to
poor concentration and stamina. Taras found that poor nutrition can impact school performance in
three ways: short-term hunger, micronutrient deficiency and chronic undernutrition. Jyoti et al.
correlated food insecurity to reduced school achievement and social outcomes. The present study did
not directly measure household food insecurity, but there are pathways of overlap as evidenced by the

presence of thinness, low dietary diversity and lower socioeconomic status.
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The breakfast findings are consistent with controlled and observational evidence. Adolphus et al. found
that, overall, breakfast has a positive effect on on-task behavior and could be beneficial for academic

achievement, particularly for children with low baseline nutrition. [4] Acham et al. found positive

associations of breakfast and midday meals with achievement in rural primary schools. Pollitt and
Mathews outlined possible cognitive impacts of overnight fasting and noted that the benefits can be
most pronounced among nutritionally vulnerable children. The energy level of breakfast has also been
shown to affect school test performance in experimental studies in 10-year-old children. In the current
study, after adjustment, almost 5 percentage points more were associated with regular breakfast, which

could be educationally significant.

One of the strongest modifiable predictors was dietary diversity. A varied diet will be more likely to
supply the iron, iodine, zinc, B vitamins, essential fatty acids and high-quality protein needed for
neurocognitive function. Nyaradi et al. outlined several pathways through which nutrition can promote
brain development from conception to childhood. Similarly Bryan et al. emphasized the role of iron,
iodine, zinc, folate and other nutrients in attention, memory and school-age cognitive development.
Randomized-trial studies indicate that several micronutrients can have small positive effects on fluid
intelligence and academic outcomes, but findings are inconsistent. Fortified foods also have been
reviewed for benefits on micronutrient status, and there is some variability of cognitive outcomes.
These results support targeted supplementation of identified deficiencies and diversity in food intake,

instead of blanket supplementation.

The adjusted association was not significant and the scores for children with overweight or obesity
were intermediate between the scores for children who were normally nourished and undernourished.
This pattern shows that there is no direct link between anthropometric excess and dietary quality.
There can be a coexistence of high energy, micronutrient poor foods with obesity, and sleep, physical
activity, stigma, and absenteeism can affect learning. With a small number of overweight/obese
children, precision was limited and it should not be concluded that excess weight does not have an

educational consequence.
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Findings are in favour of a practical school-health approach. There should be referral pathways for
growth faltering and excess weight, and annual height and weight measurement should be done. In

schools that serve food-insecure communities, breakfast and/or morning snack programs may be

emphasized, and in midday meal programs, use pulses, vegetables, fortified staples when appropriate,
and dietary variety. Nutrition education should target caregivers and children, without being size
stigmatizing. Combined academic and health assessment may be beneficial for children who have
recurring absences or declining performance. Program evaluation should be conducted in terms of

attendance, dietary quality, growth and learning outcomes over time.

Longitudinal studies are required to determine if improvements in nutritional status are a predictor of
later academic achievement. The effectiveness of the combinations of enhanced school meals,
breakfast provision, deworming (as appropriate), micronutrient correction, and parent education could
be evaluated through cluster randomisation to identify the most effective combinations for education.
Further studies are also warranted to determine if there are age, sex, baseline deficiency and

socioeconomic position differences.
Conclusion

There was a significant association between stunting and academic performance and between thinness
and academic performance in primary school children. Frequent absence, low dietary diversity and
irregular breakfast consumption further raised the risk of poor achievement, while maternal education
was protective. Combined nutrition screening at school and provision of meals, attendance monitoring,
family counseling and timely clinical referral can enhance the readiness to learn and learning outcomes
of children.
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