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Background: Physical activity is pivotal in promoting overall health and 
wellbeing, improving brain function and cognitive performance, and reducing 
risk of excessive weight and non-communicable diseases. Despite these 
benefits, physical inactivity among children and adolescents remains a global 
concern, particularly in low- and middle-income countries (LMICs). Only few 
studies have explored the association between physical activity, nutritional 
status, and cognitive performance in LMICs like Tanzania. This study assessed 
these associations among school children in a rural setting in southern Tanzania.

Methods: Physical activity was assessed using an actigraphy device that assessed 
7-day average of physical activity among school children aged 6–13 years. 
Cognitive performance was assessed via the Flanker task, which assessed the 
executive domain of cognitive functions, specifically information processing 
and inhibitory control. Weight was determined using Tanita digital scale, and 
height was measured using measuring board. A multinomial logistic regression 
model and a gamma generalized linear model with a log link function were 
used to examine the association between physical activity, nutritional status, 
and cognitive performance.

Results: Among 678 children who participated in the baseline assessment, 77.9% 
had normal weight, 14.3% were underweight, 5.5% were overweight, and 2.4% 
were obese. Most (92.6%) of the children engaged in at least 60 min per day of 
moderate-to-vigorous physical activity (MVPA) as per WHO recommendations. 
Children who did not meet the recommended MVPA level were nearly three 
times more likely to be  obese compared to those who did. No statistically 
significant associations were found between physical activity and cognitive 
performance, or between nutritional status and cognitive performance.
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Conclusion: This study highlights a high prevalence of normal weight and 
adherence to WHO-recommended MVPA levels among school children in 
southern Tanzania. However, children not meeting MVPA criteria were more 
likely to be obese, indicating the importance of physical activity in maintaining 
a healthy weight. The lack of association between physical activity or nutritional 
status and cognitive performance, indicates that there may be additional factors 
that influence cognitive outcomes. Further research is needed to explore these 
interactions, particularly in rural LMIC settings.
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Introduction

Physical activity plays a crucial role in promoting overall health 
and wellbeing across all age groups (1, 2). It offers several health 
benefits, including improved brain health (3, 4), effective weight 
management (5, 6), reduced risk of non-communicable diseases 
(NCDs) (7), stronger bones and muscles (8, 9), and improved 
everyday functionality (10, 11). The World Health Organization 
(WHO) highlights that physical activity among school children has 
positive impact on their mental health, school attendance, classroom 
behavior, memory, concentration, and academic achievement (12). 
On the other hand, insufficient physical activity levels are a risk factor 
for NCDs (13–15), leading to poor health outcomes in later life 
stages (16).

The WHO classifies physical activity into three intensity levels: 
light, moderate, and vigorous physical activity. This classification is 
essential for assessing adherence to recommended physical activity 
guidelines, which, for children, specify engaging in moderate-to-
vigorous physical activity (MVPA) for at least 60 min per day (17). 
Alarmingly, more than 80% of children and adolescents globally fail 
to meet the recommended physical activity levels (12). In low- and 
middle-income countries [LMICs], 85% of children and adolescents 
aged 11–17 years are insufficiently physically active (18). In Tanzania, 
78% of boys and 86% of girls in this age range do not meet 
recommended levels of MVPA (19).

Research demonstrates a strong correlation between sufficient 
physical activity and improved nutritional status. Regular physical 
activity increases calorie expenditure, regulates appetite, and enhances 
nutrient absorption, all of which contribute to maintaining a healthy 
body weight (20, 21).

Nutritional status refers to the condition of an individual’s 
health as influenced by the intake and utilization of nutrients (22). 
It is typically categorized into undernutrition, normal nutrition, and 
over nutrition (23). Globally, approximately 42 million children are 
overweight, with over 35 million living in LMICs (24). The 
prevalence of these nutritional statuses varies significantly between 
high-income countries and LMICs (25). However, studies show that 
overnutrition is on the rise in LMICs due to dietary and lifestyle 
changes, with reported overweight and obesity rates exceeding 10% 
across Africa (26). On the other hand, undernutrition, including 
stunting, wasting, and micronutrient deficiencies, remains prevalent 
in LMICs due to factors such as poverty, food insecurity, and limited 
access to healthcare (27). In Tanzania, the 2021 School Malaria and 
Nutrition Survey (SMNS) reported that 25.0% of school children 

aged 5–16 years were stunted, 11.7% were underweight, 11.0% were 
thin, whereas 5% were overweight or obese (28).

The impact of nutritional status extends beyond physical 
health, influencing cognitive development and performance, 
particularly in children. Emerging evidence highlights a significant 
association between nutritional status and cognitive performance, 
particularly in executive functions such as inhibitory control, 
working memory, and cognitive flexibility (29, 30). Malnutrition, 
especially during critical periods of brain development, can 
negatively impact cognitive abilities, leading to deficits in learning, 
memory, and executive functions (29, 31). Moreover, overnutrition, 
particularly obesity, has been linked to impaired cognitive 
performance, possibly due to inflammatory processes and 
metabolic dysregulation (32, 33). These associations underscore the 
importance of maintaining optimal nutritional status to support 
children’s cognitive development and academic achievement 
(34, 35).

Similarly, regular physical activity has been linked to improved 
cognitive performance among school children (20, 36, 37). Studies have 
shown that sufficiently active children present with enhanced 
cardiovascular efficacy, leading to increased oxygen delivery to the 
brain subsequently leading to improved cognitive performance (20, 36, 
37). Overall, cognitive performance refers to mental processes such as 
thinking, learning, memory, and problem-solving (38, 39). Executive 
functions represent a specific type of cognitive performance, which 
describes higher-order cognitive abilities. Executive functions are 
multi-dimensional, including inhibitory control, working memory, and 
cognitive flexibility (40). Inhibitory control, considered by some authors 
as the critical component of executive functions (41, 42), involves the 
ability to regulate thoughts and actions, particularly in the face of 
distractions or temptations. This dimension is in the focus of our study 
due to its critical role in cognitive development and behavior regulation.

Recent studies have demonstrated that inhibitory control 
significantly predicts future academic success and wellbeing. Children 
with better self-control experience improved health, financial stability, 
and contribute to public safety in adulthood (43). Moreover, research 
suggests that inhibitory control, and self-control in general, may 
outweigh intelligence in determining life outcomes (44). Enhancing 
children’s inhibitory control capacity is crucial, as it can lead to better 
academic performance, healthier lifestyle choices, and improved social 
interactions. There is a paucity of studies on higher-order cognitive 
abilities in LMICs, which limits understanding of their estimates.

However, higher-order cognitive abilities seem to vary globally, as 
they are influenced by factors such as education, health, and 
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socioeconomic status (45). Understanding these dynamics and their 
implications is crucial for identifying areas where interventions can 
improve cognitive outcomes and overall development (46, 47). While 
extensive evidence exists on the effects of physical activity on the health 
and wellbeing of children and adolescents in high-income countries 
and urban settings (2, 48–56), the same is not the case for rural settings 
in LMICs (36, 57). To address this gap, this study aimed at determining 
the association between physical activity, nutritional status, and higher-
order cognitive abilities of school children in four public primary 
schools in rural southern Tanzania. The study utilized data collected 
through a larger cluster randomized controlled trial (RCT) known as 
the KaziAfya study, which investigated the effects of school-based 
physical activity and multi-micronutrient supplementation (MMS) on 
overall health and wellbeing of school children living in the Town 
Council in Southern Tanzania, conducted between 2019 and 2021 (58). 
The main research questions are as follows: (1) what is the link between 
nutritional status and physical activity? (2) What is the link between 
physical activity and higher-order cognitive abilities? (3) What is the 
link between nutritional status and higher-order cognitive abilities?

Methods

Study area, study design, and procedures

This study utilized secondary data collected through the KaziAfya 
study from four public primary schools in Ifakara Town Council in 

Southern Tanzania (58), a small but rapidly growing town in Southern 
Tanzania. A more detailed description of the study site is provided by 
Minja et al. (59, 60). The Kazi Afya project is a four-arm cluster RCT 
designed to assess the impact of physical activity and MMS on school 
children’s growth, health, and wellbeing. The KaziAfya project 
employed a 2 × 2 factorial design to evaluate the effects of these 
interventions. The schools involved in the study were Katindiuka, 
Kibaoni, Kining’ina, and Miembeni primary schools (Figure 1). These 
schools were selected through a systematic sampling process to ensure 
representation of different socioeconomic backgrounds within the 
rapidly growing town (60). The intervention aimed to promote 
physical activity and provide MMS. Pupils were recruited from 
selected classes within these schools based on criteria including age, 
parental consent, and baseline health status.

A total of over 900 pupils were recruited for the KaziAfya study, 
with 678 children providing complete baseline data on physical 
activity, nutritional status, and higher-order cognitive abilities. 
Although the current analysis is based on cross-sectional data, the 
original cluster RCT was designed with an a-priori power analysis to 
determine the sample size required to detect significant effects of the 
interventions (58). Following the completion of data collection, an 
a-posteriori power analysis was conducted using G*Power software to 
ensure the adequacy of the sample size in detecting associations 
between the primary study variables. The analysis assumed a small 
effect size (Cohen’s f2 = 0.02), a standard alpha level of 0.05, and a 
statistical power of 0.80 (β = 0.20), which are commonly 
recommended for behavioral and health research. Based on these 

FIGURE 1

A map showing the geographic location of the schools where the KaziAfya project was implemented in the southern part of Tanzania between 2019 
and 2021.
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parameters, the sample size was confirmed to be sufficiently powered 
to detect small yet meaningful associations. This robust 
methodological approach enhances the reliability and validity of the 
findings, ensuring that the observed results are not influenced by a 
lack of statistical power.

Assessment of physical activity

Triaxial accelerometer devices (ActiGraph® wGT3X-BT; 
Pensacola, FL, USA) were used to measure children’s physical activity 
levels (61). Children were given these devices to wear around their 
waist for seven consecutive days, only taking them off when they took 
a shower to avoid contact with water. The ActiGraph accelerometer 
recorded data 30 times per second to ensure accurate measurement of 
the children’s physical activity levels (62). To focus on daytime physical 
activity, a filter was set to extract data only between 06:00 and 24:00 h. 
All recordings were saved in GTX-format and analyzed using ACTi 
Life software version 6.13.2 (Pensacola, FL, USA) (62). For inclusion 
in the study, children needed valid data for at least four weekdays and 
at least one weekend day, with a wear time of at least 8 h per day (63). 
Child-specific cut-points were applied to extract minutes of MVPA 
per day (64).

Assessment of nutritional status

Nutritional status was determined using a wireless body 
composition monitor (Tanita MC-580, Tanita Corp.; Tokyo, Japan), 
which measured children’s body weight (65). Height was measured 
using a height measuring board, and z-scores were calculated 
according to the WHO standards as follows: (i) less than −3 score 
indicated severe acute malnutrition; (ii) between −3 and −2 indicated 
moderate acute malnutrition; (iii) between −2 and +2 indicated 
normal nutritional status; (iv) between +2 and +3 indicated 
overweight; and (v) scores greater than +3 were classified as being 
obese (66).

Assessment of higher-order cognitive 
abilities

Flanker task was used to understand attention, cognitive control, 
and reaction times toward stimuli (39, 67). The Flanker task is a 
computer-based test which includes both congruent and incongruent 
stimuli: congruent stimuli feature aligned or matching targets and 
surrounding distractors, whereas incongruent stimuli involve 
non-matching targets and surrounding distractors (46). Accuracy, in the 
context of cognitive tasks, refers to the proportion of correct responses 
made by participants. Accuracy is calculated by dividing the number of 
correct responses by the total number of responses, thereby providing a 
measure of how often participants correctly identify or respond to target 
stimuli amidst distractors (46, 68). In this case, computerized Flanker 
task was used to evaluate children’s inhibitory control and information 
processing, which are components of executive cognitive function (69). 
This task was administered using E-Prime 2.0 software from Psychology 
Software Tools (70). Before beginning the test, children received 
standardized verbal instructions from a trained researcher. The testing 

took place in the morning on a regular school day, with each child seated 
in front of a laptop in a room with a total of 10 children (58).

The stimuli presented on the screen consisted of five white fish 
arranged horizontally, pointing either to the right or left. The children’s 
task was to identify the direction of the central target fish. With one 
finger, children responded using the keyboard’s right and left arrows. 
The task lasted for about 15 min and included two practice rounds 
with 60 trials, followed by two rounds of 40 trials each (71). 
Performance metrics included accuracy (i.e., proportion of correct 
responses for each trial type) and mean reaction time for both 
congruent and incongruent trials. Performance on congruent trials 
was used as an indicator of information processing, while performance 
on incongruent trials was indicative of inhibitory control. To ensure 
data quality, datasets with accuracy rates lower than 50% during the 
second practice round were excluded from the analysis (71).

Statistical analyses

Data were analyzed using R statistical software version 4.2.1 (72). 
Descriptive statistics were used to present the demographic information 
of the study participants. The Shapiro–Wilk’s test was used to test 
normality (73). A multinomial logistic regression model was used to 
determine the relationship between MVPA and the nutritional status of 
the children, whereby MVPA was used as independent (explanatory) 
variable and nutritional status as a dependent (response) variable. This 
model was implemented using multinom() function from nnet package 
(74). Additionally, a gamma generalized linear model (GLM) with a log 
link function was used to examine the association between MVPA 
(independent variable) and higher-order cognitive ability (dependent 
variable) of children, who had both valid data for accuracy and reaction 
time (75), specifically focusing on reaction time for incongruent stimuli 
as an indicator of inhibitory control. The model was adjusted for 
accuracy to ensure that the associations between MVPA and higher-
order cognitive abilities were not confounded by varying accuracy 
levels. This is important because reaction times typically decrease as 
accuracy increases (76, 77).

Ethical consideration

Permission to conduct this study was obtained from the Ifakara 
Health Institute Institutional Review Board (Ref. # IHI/IRB/No/:37–
2023). Additionally, the Ifakara Health Institute (IHI), the National 
Institute for Medical Research (NIMR), and the Tanzania Medical 
Drugs Authority (TMDA) granted approval for previous studies under 
the KaziAfya project.

Results

Demographic information of the 
participants

A detailed summary of the sample characteristics of all children that 
participated in the KaziAfya study is provided by Minja et al. (59, 60). As 
for the 678 school children that were considered for the present data 
analyses, a slight majority were girls (52.2%, n = 354) and aged between 
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10 and 13 years (58.1%, n = 394) (Table 1). More than three-quarters 
(77.9%, n = 528) of the children had a normal weight, with the remaining 
children being classified as underweight (14.3%, n = 97), and overweight 

(7.8%, n = 53). When examining differences in nutritional status by sex 
and age, it was observed that among the underweight group, a higher 
percentage were boys (63.9%, n = 62) compared to girls (36.1%, n = 35), 
and more were in the age group 10–13 years (53.6%, n = 52).

Similarly, within the overweight group, girls represented a 
significantly higher proportion (71.7%, n = 38) compared to boys 
(28.3%, n = 15), with the majority being in the age group 10–13 years 
(75.5%, n = 40) (Table 1).

In terms of meeting the WHO criteria for MVPA, 92.6% (n = 628) 
of the children met the recommendations (≥60 min of MVPA/day). 
The proportions of boys and girls meeting the MVPA criteria were 
nearly equal, but among those who did not meet the criteria, a higher 
proportion were girls (70.0%, n = 35) compared to boys (30.0%, 
n = 15) Regarding age, 42% (n = 262) of those who met the MVPA 
criteria were aged 6–9 years, while 58% (n = 364) were aged 
10–13 years.

Among those who did not meet the WHO criteria, 40% (n = 20) 
were aged 6–9 years, and 60% (n = 30) were aged 10–13 years (Table 1).

With regards to higher-order cognitive abilities, boys showed 
slightly higher accuracy and faster reaction times in the Flanker task 
compared to girls, with boys scoring 0.88 [standard deviation 
(SD)  = 0.17] and 0.83 (SD = 0.22) in congruent and incongruent tasks 
respectively, while girls scored 0.86 (SD = 0.19) and 0.80 (SD = 0.24) 
(Table 2). Additionally, children aged 10–13 years had better cognitive 
performance than those aged 6–9 years, with higher accuracy (0.89, 
SD = 0.17 compared to 0.84, SD = 0.19) and faster reaction times 
(1080.9, SD = 259.9 compared to 1220.8, SD = 281.9  in congruent 
tasks and 1127.5, SD = 282.2 compared to 1272.1, SD = 303.1  in 
incongruent tasks) (Table 2).

Multivariate analysis of the association 
between physical activity and nutritional 
status

Children who did not meet physical activity recommendations 
had a higher likelihood (OR = 2.62, 95% confidence interval 
[CI] = 1.15–5.95, p = 0.022) of being overweight compared to those 

TABLE 1 Baseline characteristics of the study participants in the KaziAfya 
project in Tanzania in 2019.

Variable Category n [Percentage]

Sex Boys 324 (47.8%)

Girls 354 (52.2%)

Age group 6–9 years 284 (41.9%)

10–13 years 394 (58.1%)

Underweight

Boys 62 (63.9%)

Girls 35 (36.1%)

6–9 years 45 (46.4%)

10–13 years 52 (53.6%)

Normal weight

Boys 247 (46.8%)

Girls 281 (53.2%)

6–9 years 226 (42.8%)

10–13 years 302 (57.2%)

Overweight

Boys 15 (28.3%)

Girls 38 (71.7%)

6–9 years 13 (24.5%)

10–13 years 40 (75.5%)

Meeting recommended 

levels of MVPA criteria

Boys 309 (49.2%)

Girls 319 (50.8%)

6–9 years 262 (42.0%)

10–13 years 364 (58.0%)

Not meeting 

recommended levels of 

MVPA criteria

Boys 15 (30.0%)

Girls 35 (70.0%)

6–9 years 20 (40.0%)

10–13 years 30 (60.0%)

MVPA, moderate-to-vigorous physical activity.

TABLE 2 Sex and age variations in higher-order cognitive abilities and nutritional status of the school children participating in the KaziAfya cluster 
randomized controlled trial in Tanzania in 2019-2021.

Sex difference Age difference

Variable Category All children Boys Girls p-value 6–9 years 10–
13 years

p-value

Accuracy – 

Congruent

0.9 (0.2) 0.9 (0.2) 0.9 (0.2) 0.20 0.8 (0.2) 0.9 (0.2) 0.001

Higher-order 

cognitive abilities 

Mean (SD)

Accuracy – 

Incongruent

0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.05 0.8 (0.2) 0.8 (0.2) < 0.001

Reaction time – 

Congruent*

1139.5 (277.8) 1102.8 

(272.7)

1173.1 

(278.6)

0.001 1220.8 (281.9) 1080.9 (259.9) < 0.001

Reaction time –

Incongruent*

1188.1 (299.6) 1160.4 

(295.5)

1112.4 

(301.5)

0.021 1272.1 (303.1) 1127.5 (282.2) < 0.001

Nutritional status 

n (%)

Normal weight 528 (77.9%) 247 (46.8%) 281 (53.2%) 0.001 226 (42.8%) 302 (57.2%) < 0.001

Underweight 97 (14.3%) 62 (63.9%) 35 (36.1%) 0.001 45 (46.4%) 52 (53.6%) 0.36

Overweight/obesity 53 (7.5%) 15 (28.3%) 38 (71.7%) 0.10 13 (24.5%) 40 (75.5%) < 0.001

*Values on reaction time are provided in millisecond. SD, standard deviation.
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who met the criteria after adjusting for age and sex. Children aged 
10–13 years had a significantly higher likelihood (OR = 2.41, 95% 
CI = 1.25–4.64, p = 0.009) of being overweight compared to those 
aged 6–9 years when adjusted to MVPA and sex. Moreover, boys had 
a higher likelihood (OR = 2.09, 95% CI = 1.33–3.29, p = 0.001) of 
being underweight and a lower likelihood (OR = 0.46, 95% CI = 0.24–
0.85, p = 0.015) of being overweight than girls (Table 3).

Association between physical activity and 
higher-order cognitive abilities

Accuracy for congruent stimuli
After adjusting for sex, children aged 10–13 years had significantly 

higher accuracy than those aged 6–9 years (coefficients or parameter 
estimates = 1.07, 95% CI: 1.03–1.10, p < 0.001), suggesting better 
performance in older children. There was no significant difference in 
accuracy between children meeting versus not meeting physical 
activity recommendations (coefficients or parameter estimates = 0.97, 
95% CI: 0.91–1.03, p = 0.288). There was a significant (but weak) 
association between reaction time and accuracy for congruent stimuli 
(coefficients or parameter estimates = 1.00, 95% CI: 1.00–1.00, 

p = 0.021). No significant difference was observed between boys and 
girls (Table 4).

Accuracy for incongruent stimuli
After adjusting for sex, similar to congruent tasks, older children 

(10–13 years) achieved significantly higher accuracy than younger 
peers (6–9 years) (coefficients or parameter estimates: 1.10, 95% CI: 
1.06–1.15, p < 0.001). Physical activity criteria did not significantly 
affect accuracy (coefficients or parameter estimates: 1.02, 95% CI: 
0.94–1.10, p = 0.712). Reaction time for incongruent stimuli was not 
significantly associated with accuracy (coefficients or parameter 
estimates: 1.00, 95% CI: 1.00–1.00, p = 0.155). A significant difference 
was observed between boys and girls (Table 4).

Reaction time for congruent stimuli
Accuracy for congruent stimuli showed a marginally significant 

positive association with reaction time for congruent stimuli 
(coefficients or parameter estimates: 1.10, 95% CI: 1.00–1.22, 
p = 0.051). Children aged 10–13 years had a significantly lower 
reaction time than those aged 6–9 years (coefficients or parameter 
estimates: 0.88, 95% CI: 0.85–0.92, p < 0.001), suggesting better 
performance in older children. There was no significant difference in 

TABLE 3 Analysis of association between physical activity and nutritional status after controlling for age and sex among school children in the KaziAfya 
study in Tanzania, 2019-2021.

Variable Category Normal weight as reference

Underweight Overweight

OR (95% CI) p-value OR (95% CI) p-value

MVPA Met criteria 1.00 1.00

Did not meet criteria 1.53 (0.68–3.49) 0.305 2.62 (1.15–5.95) 0.022

Sex Girls 1.00 1.00

Boys 2.09 (1.33–3.29) 0.001 0.46 (0.24–0.89) 0.015

Age 6–9 years 1.00 1.00

10–13 years 0.82 (0.52–1.27) 0.368 2.41 (1.25–4.64) 0.009

CI, confidence interval; MVPA, moderate-to-vigorous physical activity; OR, odds ratio.

TABLE 4 Analysis of association between physical activity and higher-order cognitive abilities.

Cognitive performance

Accuracy congruent Accuracy incongruent Reaction time 
congruent

Reaction time 
incongruent

Variables Esti-
mates

(95% 
CI)

p-
value

Esti-
mates

(95% 
CI)

p-
value

Esti-
mates

(95% 
CI)

p-
value

Esti-
mates

(95% 
CI)

p-
value

Met MVPA 

criteria

1.00 1.00 1.00 1.00

Did not meet 

MVPA criteria

0.97 0.91–

1.03

0.288 0.99 (0.91–

1.07)

0.81 0.98 0.92–

1.05

0.557 0.98 0.91–

1.05

0.525

Girls 1.00 1.00 1.00 1.00

Boys 1.02 0.99–

1.05

0.212 1.03 0.99–

1.08

0.123 0.94 0.91–

0.98

0.002 0.96 0.93–

1.00

0.048

6–9 years 1.00 1.00 1.00 1.00

10–13 years 1.07 1.03–

1.10

<0.001 1.10 1.06–

1.15

<0.001 0.88 0.85–

0.92

<0.001 0.89 0.86–

0.93

<0.001

Bold values indicate statistically significant results at p < 0.05. MVPA, moderate-to-vigorous physical activity.
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reaction time for congruent stimuli between children meeting and not 
meeting WHO physical activity recommendations (coefficients or 
parameter estimates: 0.98, 95% CI: 0.92–1.05, p = 0.557). Boys had a 
slightly faster reaction time than girls (coefficients or parameter 
estimates 0.94, 95% CI: 0.91–0.98, p = 0.002) (Table 4).

Reaction time for incongruent stimuli
Accuracy for incongruent stimuli was not significantly associated 

with reaction time for incongruent stimuli (coefficients or parameter 
estimates: 0.94, 95% CI: 0.87–1.02, p = 0.166). Similar to congruent 
tasks, older children (10–13 years) had significantly faster reaction time 
compared to their younger peers (6–9 years) (coefficients or parameter 
estimates: 0.89, 95% CI: 0.86–0.93, p < 0.001). Children who met vs. 
did not meet physical activity recommendations did not differ in 
reaction time for incongruent stimuli (coefficients or parameter 
estimates: 0.98, 95% CI: 0.91–1.05, p = 0.525). Boys showed a slightly 
faster reaction time for incongruent stimuli than girls (coefficients or 
parameter estimates: 0.96, 95% CI: 0.93–1.00, p = 0.048) (Table 4).

Association between nutritional status and 
higher-order cognitive abilities

No significant differences were observed in reaction times for 
congruent and incongruent stimuli between overweight and normal 
weight children (p > 0.05). There are differences between normal 
weight and underweight children (p = 0.016), Underweight children 
performed faster than normal-weight children for both congruent and 
incongruent reaction times. No significant association was found 
between nutritional status and accuracy (p > 0.05). Older children 
(10–13 years) consistently exhibited faster reaction times compared to 
younger children (6–9 years) (p < 0.001). Regarding sex, boys 
demonstrated slightly faster reaction times than girls for stimuli 
(p = 0.009); however, this difference was not observed for incongruent 
stimuli (Table 5).

No significant differences was observed in accuracy for 
underweight or overweight children compared to those with normal 
weight for both congruent (underweight: coefficients or parameter 
estimates = 0.96, 95% CI: 0.92–1.01, p = 0.083; overweight: coefficients 
or parameter estimates = 0.98, 95% CI: 0.93–1.04, p = 0.596) and 
incongruent tasks (underweight: coefficients or parameter 
estimates = 0.98, 95% CI: 0.92–1.04, p = 0.434; overweight: coefficients 
or parameter estimates = 0.94, 95% CI: 0.86–1.02, p = 0.124). Reaction 
time was significantly associated with accuracy for the congruent task 

(coefficients or parameter estimates = 1.00, 95% CI: 1.00–1.00, 
p = 0.028), but not for the incongruent task (p = 0.140). Older children 
(10–13 years) consistently achieved higher accuracy rates than 
younger children (6–9 years) for both congruent (coefficients or 
parameter estimates = 1.07, 95% CI: 1.03–1.10, p < 0.001) and 
incongruent tasks (coefficients or parameter estimates = 1.11, 95% CI: 
1.06–1.16, p < 0.001). No significant differences in accuracy were 
found between boys and girls for either congruent or incongruent 
stimuli (p > 0.05) (Table  5). In addition to these results, we  also 
conducted an additional analysis using multiple linear regression as 
described in Supplementary material. Importantly, the outcomes of 
this analysis aligned with the original findings, thereby confirming the 
robustness and consistency of our results.

Discussion

To our knowledge, this is one of the first studies to examine the 
association between physical activity, nutritional status, and higher-
order cognitive abilities in LMICs, and will therefore provide a 
baseline from which other studies can be conducted. In this study, 
more than three-quarters of the children had normal body weight, 
14% were underweight, and 7% were over-weight/obese. These 
findings correlate with the national estimates reported by the SMNS, 
which indicates that 11.7% were underweight 11.0% were thin, and 
5% were overweight or obese (28).

More than 90% of the children who participated in this study met 
the WHO recommendations for MVPA (≥60 min per day). However, 
these findings are in marked contrast to a previous WHO report, 
indicating that nearly 80% of children and adolescents in sub-Saharan 
Africa are physically insufficiently inactive (18). This discrepancy is 
likely attributable to the fact that our study sample may not 
be  representative of the broader global population, as it included 
children from a rural setting who access school service by walking 
long distances, and who participate in physical chores at home.

Another reason might be that our findings are based on actigraphy 
data, whereas the WHO report relied on self-reported data. Our 
findings, however, are similar to other studies that have observed higher 
levels of physical activity in Côte d’Ivoire and South Africa, where 89.6% 
and 76.9% of school children met the WHO criteria for MVPA, 
respectively (78). These similarities in findings could be due to the 
similitudes in groups of children assessed and methodologies used (78).

TABLE 5 Association between nutritional status and higher-order cognitive abilities for reaction time in children from the KaziAfya study in Tanzania in 
2019-2021.

Variables Categories Reaction time congruent Reaction time incongruent

Estimate 95% CI p-value Estimate 95% CI p-value

Nutritional status Normal 1.00

Underweight 0.94 0.89–0.99 0.016 0.93 0.88–0.98 0.004

Overweight 1.04 0.98–1.12 0.227 1.02 0.95–1.09 0.645

Accuracy Accuracy 1.10 1.00–1.22 0.057 0.94 0.87–1.02 0.160

Age group 6–9 years 1.00

10–13 years 0.88 0.85–0.91 <0.001 0.89 0.86–0.92 <0.001

Sex Girls 1.00

Boys 0.95 0.92–0.99 0.009 0.97 0.94–1.01 0.129

Bold values indicate statistically significant results at p < 0.05.
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Children who did not meet recommended levels of MVPA 
according to WHO criteria had nearly three times higher likelihood of 
being overweight compared to those who met the criteria. This is likely 
due to the fact that physical inactivity contributes significantly to the 
energy imbalance, where caloric intake exceeds caloric expenditure, 
leading to weight gain and, eventually, obesity (20, 21). Physical activity 
helps regulate energy balance by increasing energy expenditure and 
improving metabolic health, which can prevent excessive weight gain 
(20, 21). Moreover, regular physical activity has been shown to reduce 
the risk of obesity-related health conditions, such as insulin resistance 
and cardiovascular diseases, by enhancing insulin sensitivity and 
promoting cardiovascular fitness. Hence, children who do not engage 
in sufficient physical activity are at a higher risk of obesity due to both 
the direct effects on energy balance and the indirect effects on metabolic 
health (52). Similar correlations have been observed among school 
children in South Africa (62, 79). Similarly, a study in the United States 
found that children with lower levels of physical activity had significantly 
higher rates of obesity compared to their more active peers (80). 
Moreover, similar associations have been observed in Australia, showing 
a strong association between insufficient physical activity and increased 
obesity rates in children (81). In LMICs, lower physical activity levels 
have also been associated with higher obesity rates in Brazil, Benin, 
Djibouti, Egypt, Ghana, Mauritania, Malawi, and Morocco (82, 83).

In our study, boys had a lower likelihood of being obese compared 
to girls. This is likely due to differences in physical activity levels, 
hormonal influences, and socio-cultural factors that affect dietary habits 
and body composition (27, 84). These findings correlate with similar 
studies in Brazil and South Africa, where girls were observed to have 
higher obesity rates compared to boys, likely due to girls accumulating 
more body fat compared to boys (62, 82). In this study, girls were less 
likely to meet the MVPA criteria compared to boys, which is in line with 
a study done in the United States, which indicated girls to be less likely 
to meet the WHO criteria for MVPA (85). The older children were 
found to be more active compared to their younger counterparts, likely 
due to the fact that this age group may have developed a stronger sense 
of routine and discipline in maintaining an active lifestyle, possibly 
influenced by school programs, peer interactions, and home chores. 
Our findings contradict other studies that show a decline in physical 
activity with age, particularly among girls (80, 85). This difference is 
likely since children in this study were located in a rural setting, where 
children have different activity patterns compared to those in urban 
settings. On the other hand, the older children were more likely to 
be overweight than the younger children which is likely attributable to 
various factors including hormonal changes, decreased physical activity, 
increased sedentary behavior, and greater autonomy in food choices 
(86). Other similar studies have also observed similar trends of the 
increase in obesity among older children across Europe and the 
Americas (87, 88).

In contrast to our expectations, in our study, no significant 
association was observed between physical activity and higher-order 
cognitive abilities. This is in line with similar studies carried out in 
South Africa (71) and the southeastern part of Spain (89). This is likely 
due to the fact that the types and intensities of physical activities 
performed by the children were not sufficiently consistent or tailored to 
impact higher-order cognitive abilities significantly. Additionally, 
cognitive performance can be  influenced by cultural, social, 
psychological, and lifestyle factors, which were not assessed in this 
study. However, our findings appear to contradict the conclusions 
drawn from several studies that have indicated that type, frequency, and 

intensity of exercise have an influence on cognitive performance (37, 
90–93). These differences could be attributable to the different groups 
surveyed, and types of physical activities that were provided to 
the children.

In examining the association between nutritional status and 
higher-order cognitive abilities, our findings show that underweight 
children exhibit slower reaction times compared to their normal-
weight peers (p <  0.05), while no significant differences were 
observed in overweight children (p > 0.05). The findings that 
underweight children exhibited slower reaction times compared to 
those with normal weight (p < 0.05) are in agreement with other 
studies that have shown undernutrition impairs cognitive 
processing speed (94, 95). This alignment may be due to the negative 
impact of nutrient deficiencies on brain function, particularly in 
areas related to attention and cognitive control (29). In contrast, no 
significant differences were found for overweight children 
(p > 0.05), which is consistent with studies that suggest excess 
weight may not directly affect cognitive performance in children 
(32). However, this lack of association could be  influenced by 
confounding factors such as socioeconomic status which were not 
fully accounted for in this analysis (96). Similarly, the lack of 
significant association between nutritional status and accuracy 
(p > 0.05) aligns with findings from recent research, suggesting that 
while nutrition affects processing speed, it might not significantly 
impact accuracy in cognitive tasks (97, 98). Possible reasons for this 
could include task complexity and the compensatory cognitive 
strategies employed by children. This supports existing evidence 
that malnutrition can impact cognitive processing speed, though its 
effect on accuracy appears limited, as neither underweight nor 
overweight children showed significant differences in accuracy 
compared to normal-weight peers (p > 0.05). This finding aligns 
with similar studies done in South Africa under the same project 
called KaziAfya with same methodologies (99). It also aligns with 
others studies in LMICs (100–102). Furthermore, recent research 
in rural Tanzania also supports the link between cognitive function 
and nutritional status. This study examined psychomotor speed and 
ocular movements in relation to nutritional status, providing 
valuable insights that complement our findings. While both studies 
show the importance of nutrition in cognitive performance, the 
types of cognitive tests and physical activity assessments used differ. 
Our study contributes by focusing on physical activity levels, 
whereas the other study emphasizes psychomotor speed and eye 
tracking, highlighting the diverse methods and outcomes in this 
field (1).

Moreover, older children (10–13 years) demonstrated improved 
cognitive performance in reaction time and accuracy tasks relative to 
younger children (6–9 years) (p < 0.001), in line with developmental 
theories indicting cognitive gains with age (103).

Gender differences were minimal, with boys showing slightly 
faster reaction times than girls, but no significant accuracy differences, 
which aligns with findings from different existing theories (104). The 
findings underscore that while undernutrition may impair certain 
cognitive functions, the effect on task accuracy remains inconclusive 
(105). The finding that older children (10–13 years) performed better 
in both reaction time and accuracy aligns with developmental 
theories, indicating that cognitive functions like inhibitory control 
improve with age (106). The slight gender differences observed in 
reaction time, but not in accuracy, which align with studies that report 
no difference based on sex in cognitive function (107, 108).
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Strength and limitation of the study

A key strength of this study is the robust methodological 
approach, including the use of a triaxial accelerometer for objective 
physical activity measurement, a Flanker task for cognitive assessment, 
and high-precision equipment for anthropometric measurements. 
Additionally, the study highlights that a significant proportion of 
children (92.6%) met the recommended physical activity levels, 
aligning with global standards.

However, certain limitations must be  acknowledged. While the 
Flanker task provides valuable insights into cognitive performance, the 
unfamiliarity of the target population with computerized tasks may have 
influenced their performance. Furthermore, as a cross-sectional study, 
this research cannot establish causal relationships, but instead only derive 
associations between the variables analyzed. The findings did not 
indicate significant associations between physical activity and cognitive 
performance or between nutritional status and cognitive performance, 
which presents a challenge in drawing direct conclusions about these 
relationships. Lastly, since the study was conducted in a specific rural 
context, the results may not be generalizable to urban populations or 
different geographical regions. However, despite these limitations, the 
foundational nature of our findings remains significant. Indeed, our 
findings provide valuable insights into the dynamics and benefits of 
physical activity among children in rural African settings and serve as a 
foundational reference for future, more comprehensive studies.

Conclusion

This study highlights the relevance of promoting physical activity 
in preventing childhood obesity in sub-Saharan Africa. Children who 
failed to meet the WHO criteria for physical activity faced a 
significantly higher risk of being classified as overweight/obese, 
highlighting the necessity for interventions that encourage 
participation in regular physical activity. Despite not finding a 
significant association between physical activity and higher-order 
cognitive abilities in our study, further research is essential to explore 
this relationship in more detail. Understanding the factors that impact 
children’s physical and cognitive development is crucial for designing 
effective interventions that promote overall health and wellbeing.
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