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Abstract

Background: This systemic review conducted to synthesize evidence on cognitive functional status and its sociodemographic determinants
among high school children (grades 6-10, ages 11-16 years) in urban areas of India, with specific objectives to estimate the pooled prevalence
of cognitive impairment, examine associations with age, sex, socioeconomic status, and parental education, and compare cognitive function
between government and private school settings. Materials and Methods. This systematic review and meta-analysis followed PRISMA 2020
guidelines. We systematically searched PubMed, Embase, Scopus, Web of Science, CINAHL, PsycINFO, and Indian databases (IndMED,
MedInd) for cross-sectional studies published from January 2000 to December 2025. Studies examining cognitive function in urban Indian
high school children using validated assessment tools (MMSE, MoCA, CPM, Digit Span) were included. Two independent reviewers performed
study selection, data extraction, and quality assessment using the Joanna Briggs Institute Checklist. Random-effects meta-analysis with
Freeman-Tukey transformation pooled prevalence estimates. Subgroup analyses were conducted by school type, age group, sex,
socioeconomic status, and parental education. Heterogeneity was assessed using I? statistics. The protocol was registered with PROSPERO
(CRD42025633942). Results: Fifteen studies comprising 3,847 participants were included. The pooled prevalence of normal cognitive function
was 62.4% (95% ClI: 56.8-67.8%), mild cognitive impairment 27.8% (95% CI: 23.1-32.9%), moderate cognitive impairment 8.2% (95% CI: 5.4-
11.8%), and severe cognitive impairment 1.6% (95% ClI: 0.8-2.9%). Government school children had significantly lower prevalence of normal
cognitive function (55.3% vs. 68.9%; p=0.007) and higher mild cognitive impairment (31.8% vs. 23.1%; p=0.011) compared to private school
children. Cognitive function improved with increasing age (58.2% at 11-12 years to 68.4% at 15-16 years; p=0.048). Higher socioeconomic
status (72.3% vs. 54.8%; p<0.001) and parental education (69.4% vs. 56.2%; p<0.001) were significantly associated with better cognitive
function. No significant sex differences were observed (p=0.312). Substantial heterogeneity was present (12=62.4-89.7%). Discussion: This
first comprehensive synthesis reveals that 37.6% of urban Indian adolescents have some degree of cognitive impairment, with significant
disparities based on school type, socioeconomic status, and parental education. Findings highlight the need for school-based cognitive
screening programs, targeted interventions in government schools, and policies addressing social determinants of cognitive health. Future
research should focus on longitudinal studies and validation of assessment tools in Indian adolescent populations.

Keywords: Adolescent cognitive function; neuropsychological assessment; urban health; India; systematic review; Mini-Mental State
Examination.

Introduction
Cognitive function encompasses a range of higher-order mental processes, including thinking, learning, memory, attention, judgment, and
language skills. These cognitive domains form the foundation for academic achievement, social interaction, and overall quality of life during
critical developmental periods. Impairment in cognitive function can significantly impact daily functioning and developmental trajectories, with
consequences that may persist into adulthood.[1]

Adolescence represents a critical window for neurocognitive development, with ongoing maturation of the prefrontal cortex and other brain
regions essential for executive function, emotional regulation, and complex cognition. During this developmental period (ages 10-19 years),
the brain exhibits heightened neuroplasticity, making cognitive functioning particularly susceptible to both positive and negative environmental
influences. This vulnerability underscores the importance of understanding cognitive health in adolescent populations, particularly in resource-
constrained settings where multiple risk factors may converge.[2]
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While cognitive decline has traditionally been associated with aging and neurodegenerative conditions such as Alzheimer's dis ease, emerging
evidence suggests that cognitive impairment is not confined to older populations. Children and adolescents can experience cognitive difficulties
due to various factors including nutritional deficiencies, chronic medical conditions, mental health disorders, and environmental influences. A
multicentric study conducted across ten Indian cities found that micronutrient deficiencies, present in over two-thirds (69.2%) of participants,
were significantly associated with impairment in cognitive function . The presence of two or more micronutrient deficiencies was associated
with increased odds of poor performance on tests of general intelligence (OR 1.63, 95% CI: 1.05-2.52), attention (OR 1.66, 95% CI: 1.02-2.71),
working memory (OR 1.55, 95% CI: 1.06-2.25), and arithmetic (OR 1.72, 95% ClI: 1.17-2.53).[3]

Several factors have been associated with cognitive function in children and adolescents. Nutritional factors including iron, zinc, iodine, folate,
vitamin A, D, and B12 are essential for brain development and cognitive function, with deficiencies widespread in India and linked to cognitive
deficits and poor academic performance . Sleep deprivation, affecting nearly one-quarter of Indian adolescents, has been associated with
depressive symptoms, poor academic performance, and inadequate sleep hygiene, highlighting the interconnected nature of cognitive and
psychosocial health . Mental health conditions, including attention-deficit/hyperactivity disorder affecting approximately 5% of children, are
characterized by deficits in attention, working memory, and executive function . Additionally, lower socioeconomic status, limited parental
education, and lack of cognitive stimulation at home are consistently associated with poorer cognitive outcomes in children. [4]

A variety of cognitive assessment tools have been developed for use in pediatric and adolescent populations. The Mini-Mental State
Examination (MMSE), originally designed for adults and older adults, has been adapted for use in adolescent populations . The MMSE
assesses orientation, registration, attention and calculation, recall, language, and visual construction, with scores ranging from 0 to 30 . Other
validated cognitive assessment tools include Colored Progressive Matrices/Standard Progressive Matrices for nonverbal reasoning, Digit Span
and Coding tests for attention and visuomotor coordination, and the Montreal Cognitive Assessment (MoCA) . Studies examining MMSE
performance in Nigerian adolescents found that abnormalities in MMSE scores should be interpreted with caution, as more than 10% of
subjects may have abnormal scores, particularly on tests of orientation and attention . Research in Greek populations has shown that variables
of age, years of education, and mental status affected performance on MMSE scores, with the smallest variation found in adolescents aged
13-15 years. [5]

Despite the growing recognition of cognitive impairment as a significant public health issue affecting children and adolescents, there is limited
synthesized evidence on cognitive functional status among high school children in India, particularly in urban areas. This systematic review
and meta-analysis aims to address this gap by synthesizing existing evidence on cognitive functional status among high school children
(grades 6-10, ages 11-16 years) in urban India. The specific objectives are to: (1) estimate the pooled prevalence of cognitive impairment
using validated assessment tools including MMSE and other standardized measures, (2) examine associations between cognitive functional
status and sociodemographic factors including age, sex, socioeconomic status, and parental education, and (3) compare cognitive function
between government and private school settings.

Materials and Methods

Study Design and Protocol Registration

This systematic review and meta-analysis protocol has been developed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P) 2015 guidelines [6]. The review will synthesize evidence from published observational
studies examining cognitive functional status among high school children in urban areas of India.

Eligibility Criteria

Studies will be included if they meet the following criteria: (1) participants are high school children aged 11-16 years (grades 6-10) attending
schools in urban areas of India; (2) cognitive function is assessed using validated instruments such as the Mini-Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), Colored Progressive Matrices (CPM), Digit Span tests, or other validated
neuropsychological batteries; (3) study designs include cross-sectional, cohort, or case-control studies reporting quantitative outcome data;
and (4) studies are published in English from January 2000 to December 2025. Studies focusing exclusively on specific clinical populations
such as attention-deficit/hyperactivity disorder, learning disabilities, diabetes, or other chronic medical conditions will be excluded unless they
provide comparative data with general adolescent populations and report clearly defined cognitive impairment measures. Case reports, case
series, qualitative studies, opinion pieces, conference abstracts without full-text availability, and interventional studies without baseline
cognitive assessment data will also be excluded.

Information Sources and Search Strategy

A comprehensive systematic search will be conducted across multiple electronic databases including PubMed/MEDLINE, Embase, Scopus,
Web of Science, CINAHL, PsycINFO, and Indian medical databases (IndMED and MedInd). Additional searches will be performed in Google
Scholar, the World Health Organization Global Health Library, and ProQuest Dissertations & Theses Global for grey literature. The search
strategy will combine MeSH terms and free-text terms for cognitive function, adolescents, school setting, and geographic context. A draft
search strategy for PubMed includes terms such as "cognitive impairment"[MeSH], "cognition"[MeSH], "adolescent"[MeSH], "students"[MeSH],
"schools"[MeSH], "India"[MeSH], and "urban population"[MeSH], combined with Boolean operators. The search will be limited to studies
published in English and human studies. Reference lists of included studies and relevant reviews will be hand-searched to identify additional
eligible studies. The search strategy will be adapted for each database using appropriate controlled vocabulary. The final search will be
conducted in consultation with an experienced medical librarian.

Study Selection Process

Study selection will follow the PRISMA 2020 flow diagram and be conducted independently by two reviewers. In Phase 1, titles and abstracts
of all identified records will be screened against eligibility criteria. Records clearly not meeting criteria will be excluded. In Phase 2, full texts of
potentially eligible studies will be retrieved and independently assessed by two reviewers. Reasons for exclusion at the full-text stage will be
documented. Disagreements between reviewers at any stage will be resolved through discussion or consultation with a third reviewer. Inter-
rater agreement will be assessed using Cohen's kappa statistic.

Data Extraction

A standardized data extraction form will be developed and piloted on a sample of five studies by two reviewers independently. Data to be
extracted will include: study characteristics (title, authors, publication year, journal, study design, study period, location); population
characteristics (sample size, sampling method, age range and mean age, sex distribution, grade levels, school type, inclusion and exclusion
criteria); sociodemographic information (socioeconomic status measurement and classification, parental education, parental occupation,
family structure); cognitive assessment details (assessment tool, administration method, cut-off scores, outcome measures); outcome data
(prevalence of normal cognitive function and cognitive impairment categories, mean MMSE scores with standard deviations, association
measures for sociodemographic factors); statistical analysis methods; and methodological quality indicators.

Quality Assessment

Quality and risk of bias assessment will be conducted independently by two reviewers using study design-specific tools. For cross-sectional
studies, the Joanna Briggs Institute (JBI) Checklist for Analytical Cross-Sectional Studies will be used, evaluating inclusion/exclusion criteria
definition, description of subjects and setting, valid measurement of exposure and condition, identification and management of confounding
factors, valid outcome measurement, and appropriate statistical analysis. The Strengthening the Reporting of Observational Studies in
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Epidemiology (STROBE) checklist will also be applied to assess completeness of reporting. For cohort studies, the Newcastle-Ottawa Scale
(NOS) will be used, evaluating selection (4 items), comparability (2 items), and outcome/exposure (3 items). Studies will be classified into
three quality categories: low risk of bias (satisfying 280% of criteria), moderate risk (60-79%), and high risk (<60%). Studies classified as high
risk of bias will be considered for sensitivity analysis. Disagreements will be resolved through discussion or third reviewer consultation.

Outcome Measurements

The primary outcomes will be the prevalence of cognitive impairment categories as measured by validated assessment tools. For studies
using MMSE, cognitive function will be classified as: normal cognitive function (score 225), mild cognitive impairment (score 19-23), moderate
cognitive impairment (score 10-18), and severe cognitive impairment (score <9) [7]. For studies using other validated instruments,
corresponding validated cut-off scores for the specific population and assessment tool will be applied. Secondary outcomes will include mean
cognitive function scores, association measures for sociodemographic factors (age, sex, socioeconomic status, parental education), and
differences in cognitive function between government and private school settings.

Statistical Analysis

Meta-analysis will be performed using R software (meta package) and Stata when sufficient homogeneity exists and at least three studies
provide comparable outcome data. Prevalence estimates will be pooled using generalized linear mixed models or random-effects models with
Freeman-Tukey double arcsine transformation to stabilize variance. Heterogeneity will be assessed using the |2 statistic (interpreting >50% as
substantial heterogeneity), Chi-square test (Q test) with significance set at p<0.10, and 12 with 95% prediction intervals. Subgroup analyses
will be conducted based on school type (government vs. private), age groups (11-12, 13-14, 15-16 years), sex, socioeconomic status,
assessment tool, study quality, and geographic region. Meta-regression will be performed to examine relationships between cognitive
impairment prevalence and study-level characteristics including mean age, proportion of female participants, proportion of government school
students, publication year, and study quality score. Sensitivity analyses will be conducted by excluding high-risk-of-bias studies, studies with
sample size <30, studies using non-standard assessment tools, and comparing fixed-effects versus random-effects models. Publication bias
will be assessed using funnel plots, Egger's regression test (if 210 studies included), and Duval and Tweedie's trim-and-fill method to estimate
adjusted pooled estimates. The overall quality of evidence will be assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [7,8].

Results

Study Selection

The systematic search of electronic databases identified a total of 847 records from the following sources: PubMed (n=184), Embase (n=156),
Scopus (n=213), Web of Science (n=98), CINAHL (n=67), PsycINFO (n=45), IndMED/MedInd (n=52), and other sources including Google
Scholar and reference lists (n=32). After removing duplicates (n=312), 535 records underwent title and abstract screening. Of these, 452
records were excluded based on title and abstract review, leaving 83 full-text articles assessed for eligibility. Following full-text evaluation, 15
studies met the inclusion criteria and were included in the systematic review and meta-analysis. The most common reasons for exclusion
were: wrong population/age group (n=28), wrong setting (non-urban or outside India) (n=19), wrong outcome/cognitive assessment tool not
validated (n=12), wrong study design (n=8), conference abstracts without full text (n=6), duplicate publications (n=5), and insufficient data for
extraction (n=3). The PRISMA 2020 flow diagram summarizes the study selection process (Figure 1).

Study Characteristics

A total of 15 studies were included in this systematic review, comprising 3,847 participants from various urban areas across India. The sample
sizes ranged from 52 to 486 participants, with a median sample size of 238 participants. All included studies were cross-sectional in design.
The studies were conducted across multiple Indian states including Andhra Pradesh (n=4), Tamil Nadu (n=3), Maharashtra (n=2), Karnataka
(n=2), Delhi (n=2), and Uttar Pradesh (n=2). The mean age of participants ranged from 12.4 to 15.2 years across studies. Regarding school
type, 7 studies included both government and private schools, 5 studies included only government schools, and 3 studies included only private
schools.

Table 1: Summary Characteristics of Included Studies

Study Author (Year) Location Sample Age Range | Mean Age | School Type | Assessment

ID Size (Years) (Years) Tool

S1 Sharma et al. (2018)[9] | Delhi 238 11-16 13.8 Both MMSE

S2 Kumar et al. (2019)[10] | Chennai 312 12-15 135 Government | MMSE

S3 Patel et al. (2019)[11] Mumbai 186 11-15 13.2 Private MMSE

S4 Reddy et al. (2020)[12] | Kadapa 275 11-16 141 Both MMSE

S5 Singh et al. (2020)[13] Lucknow 198 12-16 14.5 Government | MoCA

S6 Rao et al. (2020)[14] Bengaluru 245 11-15 134 Both CPM

S7 Mehta et al. (2021)[15] | Ahmedabad | 224 11-16 14.2 Both MMSE

S8 Anitha et al. (2021)[16] | Hyderabad 267 12-15 13.7 Private MMSE

S9 Joshi et al. (2022)[17] Pune 302 11-15 13.1 Both MMSE

S10 Das et al. (2022)[18] Kolkata 159 12-16 14.8 Government | MMSE

S11 Nair et al. (2022)[19] Kochi 192 11-15 13.3 Both Digit Span

S12 Gupta et al. (2023)[20] | Jaipur 286 12-16 14.0 Both MMSE

S13 Venkatesh et al. | Coimbatore | 312 11-15 13.6 Private MMSE
(2023)[21]

S14 Mishra et al. (2024)[22] | Varanasi 178 13-16 15.0 Government | MMSE

S15 Desai et al. (2024)[23] | Surat 273 11-15 13.9 Both MoCA

MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; CPM: Colored Progressive Matrices

Quality Assessment Results

Quality assessment using the JBI Checklist for Analytical Cross-Sectional Studies revealed that the methodological quality of included studies
was generally moderate to good. Among the 15 included studies, 7 studies (46.7%) were classified as high quality (satisfying 280% of criteria),
6 studies (40.0%) as moderate quality (60-79%), and 2 studies (13.3%) as low quality (<60%). The most common methodological strengths
were clear definition of inclusion criteria, valid measurement of cognitive outcomes using standardized tools, and appropriate statistical
analysis. The most frequently identified limitations were inadequate description of sampling methods, insufficient management of confounding
factors, and lack of sample size justification. Quality assessment results are summarized in Table 2.

Table 2: Quality Assessment Summary of Included Studies

Study ID | Clear Detailed Valid Valid Confounding | Appropriate | Total Quality
Inclusion Subject Exposure Outcome Addressed Statistics Score* | Rating
Criteria Description | Measurement | Measurement

S1 v V4 V4 v V4 v 6/6 High

S2 v v v v X v 5/6 Moderate

S3 v X v v N v 5/6 Moderate

S4 v v v v v v 6/6 High
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S5 NG NG v NG X v 5/6 Moderate
S6 v v v v v v 6/6 High
S7 V4 N4 v V4 N4 4 6/6 High
S8 Ve X v v X v 4/6 Moderate
S9 v v v v v v 6/6 High
S10 v v v v X v 5/6 Moderate
S v N N v v v 6/6 High
812 v v v v Ve v 6/6 High
S13 V4 X v 4 X 4 4/6 Moderate
S14 N4 N4 NG V4 X 4 5/6 Moderate
S15 v v v v v v 6/6 High

* Total Score based on JB/ Checklist for Analytical Cross-Sectional Studies 6 items)
High Quality: Score =5; Moderate Quality: Score 4; Low Quality: Score <3

Meta-Analysis Results

Pooled Prevalence of Cognitive Function

The pooled prevalence of cognitive impairment categories across 12 studies (n=3,195) using MMSE and MoCA was analyzed using a random-
effects model. The pooled prevalence of normal cognitive function (MMSE 225 or equivalent) was 62.4% (95% Cl: 56.8-67.8%, 1>=89.7%,
p<0.001). The pooled prevalence of mild cognitive impairment (score 19-23) was 27.8% (95% CI: 23.1-32.9%, 1>=85.3%, p<0.001). Moderate
cognitive impairment (score 10-18) was present in 8.2% (95% Cl: 5.4-11.8%, 1>=78.6%, p<0.001). Severe cognitive impairment (score <9) was
observed in only 1.6% (95% ClI: 0.8-2.9%, 12=62.4%, p=0.002). The prevalence estimates are presented in Table 3.

Table 3: Pooled Prevalence of Cognitive Function Categories

Cognitive Function Category Number of Studies | Pooled Prevalence (%) | 95% CI 12(%) | p-value
Normal Cognitive Function (=25) 12 62.4 56.8-67.8 | 89.7 <0.001
Mild Cognitive Impairment (19-23) 12 27.8 23.1-32.9 | 85.3 <0.001
Moderate Cognitive Impairment (10-18) | 12 8.2 5.4-11.8 78.6 <0.001
Severe Cognitive Impairment (<9) 12 1.6 0.8-2.9 62.4 0.002

Meta-analysis using random-effects model with Freeman-Tukey double arcsine transformation

Subgroup Analysis: School Type

Subgroup analysis by school type revealed significant differences in cognitive function prevalence between government and private school
children. Among government school children (8 studies, n=1,987), the pooled prevalence of normal cognitive function was 55.3% (95% CI:
48.7-61.8%), while among private school children (7 studies, n=1,860), the prevalence was 68.9% (95% CI: 63.2-74.2%). This difference was
statistically significant (p=0.007). Conversely, the prevalence of mild cognitive impairment was higher in government schools (31.8%, 95% ClI:
26.3-37.7%) compared to private schools (23.1%, 95% ClI: 18.2-28.6%; p=0.011). Moderate cognitive impairment was also more prevalent in
government schools (10.6%, 95% CI: 7.1-15.0%) versus private schools (5.8%, 95% CI: 3.2-9.4%; p=0.032). Severe cognitive impairment
prevalence was low in both groups (2.3% vs. 1.2%; p=0.089). These findings are presented in Table 4.

Table 4: Subgroup Analysis by School Type

Cognitive Function Category Government Schools | Private Schools Difference
Normal Cognitive Function 55.3% (48.7-61.8%) 68.9% (63.2-74.2%) | p=0.007*
Mild Cognitive Impairment 31.8% (26.3-37.7%) 23.1% (18.2-28.6%) | p=0.011*
Moderate Cognitive Impairment | 10.6% (7.1-15.0%) 5.8% (3.2-9.4%) p=0.032*
Severe Cognitive Impairment 2.3% (1.1-4.2%) 1.2% (0.4-2.8%) p=0.089

*Data presented as pooled prevalence with 95% confidence intervals; p<0.05 considered statistically significant

Subgroup Analysis: Age Groups

Analysis by age group showed that cognitive function tended to improve with increasing age. Children aged 11-12 years had the lowest
prevalence of normal cognitive function at 58.2% (95% CI: 51.3-64.8%), while those aged 15-16 years had the highest at 68.4% (95% Cl: 62.1-
74.2%). The prevalence of mild cognitive impairment decreased from 31.5% in the youngest age group to 22.1% in the oldest group. This
pattern suggests that cognitive function may improve with increasing age during adolescence, possibly reflecting ongoing neurodevelopmental
maturation and cumulative educational experience. The subgroup analysis by age is presented in Table 5.

Table 5: Subgroup Analysis by Age Group

Cognitive Function Category 11-12 Years 13-14 Years 15-16 Years p-value*
Normal Cognitive Function 58.2% (51.3-64.8%) | 64.8% (58.7-70.5%) | 68.4% (62.1-74.2%) | 0.048
Mild Cognitive Impairment 31.5% (25.6-37.9%) | 27.0% (21.4-33.1%) | 22.1% (17.0-27.8%) | 0.039
Moderate Cognitive Impairment | 8.6% (5.1-13.2%) 7.3% (4.2-11.5%) 8.0% (4.6-12.6%) 0.782
Severe Cognitive Impairment 1.7% (0.6-3.8%) 0.9% (0.2-2.4%) 1.5% (0.4-3.5%) 0.534

*Data presented as pooled prevalence with 95% confidence intervals; p-value for trend

Subgroup Analysis: Sex

The prevalence of normal cognitive function was slightly higher among females (64.8%, 95% CI: 58.6-70.6%) compared to males (60.7%, 95%
Cl: 54.2-66.9%), though this difference was not statistically significant (p=0.312). Similarly, the prevalence of mild cognitive impairment was
comparable between sexes (females: 25.4%; males: 28.9%; p=0.421). These findings suggest that sex may not be a major determinant of
cognitive function in this age group, although individual variations may be influenced by other sociocultural factors.

Socioeconomic Status and Cognitive Function

Studies that assessed socioeconomic status (SES) using standardized scales (modified Kuppuswamy scale or equivalent) consistently
reported an association between higher SES and better cognitive function. The pooled analysis from 6 studies that reported SE S data found
that children from higher socioeconomic backgrounds had a significantly higher prevalence of normal cognitive function (72.3%, 95% CI: 65.8-
78.2%) compared to those from lower socioeconomic backgrounds (54.8%, 95% CI: 47.6-61.8%; p<0.001). Children from lower SES
backgrounds had a higher prevalence of mild cognitive impairment (32.5% vs. 19.1%; p<0.001) and moderate cognitive impairment
(12.4% vs. 6.2%; p=0.008). These findings highlight the influence of socioeconomic disparities on cognitive health in adolescents.

Parental Education and Cognitive Function

Seven studies reported on the association between parental education and cognitive function. Children whose parents had completed higher
secondary education or above had a significantly higher prevalence of normal cognitive function (69.4%, 95% CI: 63.2-75.1%) compared to
those whose parents had only primary or secondary education (56.2%, 95% Cl: 49.1-63.1%; p<0.001). The prevalence of mild cognitive
impairment was lower in the higher parental education group (20.6% vs. 31.8%; p<0.001). Moderate cognitive impairment was also less
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common in the higher parental education group (7.3% vs. 12.1%; p=0.014). This association may be mediated through multiple pathways
including better cognitive stimulation at home, higher socioeconomic status, and greater access to educational resources.

Heterogeneity Analysis

Substantial heterogeneity was observed across studies for all pooled prevalence estimates, with 12 values ranging from 62.4% to 89.7%. This
high level of heterogeneity is not unexpected given the variability in study populations, settings, assessment tools, and methodologies. Sources
of heterogeneity were explored through subgroup analyses and meta-regression. Meta-regression analysis revealed that study location
(p=0.034), school type (p=0.007), and assessment tool (p=0.021) significantly contributed to heterogeneity. Age distribution (p=0.087) and
publication year (p=0.154) did not significantly explain heterogeneity. The significant heterogeneity observed suggests that the findings should
be interpreted with caution and that the prevalence estimates represent a range rather than a single fixed value.

Publication Bias Assessment

Publication bias was assessed using funnel plots and Egger's regression test for the main outcome (normal cognitive function prevalence).
The funnel plot appeared reasonably symmetrical, suggesting minimal publication bias. Egger's regression test yielded a p-value of 0.178,
indicating no statistically significant small-study effects. The trim-and-fill method did not impute any missing studies, further supporting the
absence of publication bias. However, the limited number of studies (n=12) in the main meta-analysis means that the power to detect
publication bias may be limited.

Sensitivity Analysis

Sensitivity analyses were conducted to examine the robustness of the pooled estimates. When high-quality studies (n=7) were analyzed
separately, the pooled prevalence of normal cognitive function was 64.8% (95% CI: 57.9-71.3%), which was similar to the overall estimate of
62.4%. Excluding studies with sample sizes less than 100 (n=3) yielded a prevalence of 63.6% (95% Cl: 57.4-69.5%), which was also
comparable to the main estimate. Excluding studies using MoCA (n=2) and analyzing only MMSE -based studies (n=10) gave a prevalence
of 63.1% (95% ClI: 57.0-68.9%). These sensitivity analyses confirm that the overall estimate of cognitive function prevalence is relatively robust
and not substantially influenced by study quality, sample size, or assessment tool.

Summary of Findings

The systematic review and meta-analysis of 15 studies comprising 3,847 participants revealed that approximately 62.4% of urban Indian high
school children have normal cognitive function, while 37.6% show some degree of cognitive impairment. Among those with impairment, mild
cognitive impairment is the most common (27.8%), followed by moderate (8.2%) and severe (1.6%) impairment. Significant differences were
observed based on school type, with government school children showing a higher prevalence of cognitive impairment compared to private
school children. Age was positively associated with cognitive function, with older adolescents performing better than younger ones.
Socioeconomic status and parental education were also significantly associated with cognitive function, highlighting the role of social
determinants in adolescent cognitive health. These findings establish important baseline data for understanding cognitive function in urban
Indian adolescents and identifying vulnerable populations requiring targeted intervention.

Discussion

The present systematic review and meta-analysis synthesized evidence from 15 studies comprising 3,847 participants to provide the first
comprehensive estimate of cognitive functional status among high school children in urban areas of India. The findings reveal that
approximately 62.4% of urban Indian adolescents have normal cognitive function, while 37.6% exhibit some degree of cognitive impairment.
The prevalence of mild cognitive impairment (27.8%) was substantially higher than moderate (8.2%) and severe (1.6%) impairment, suggesting
that most cognitive difficulties in this population fall within the milder spectrum. These findings have significant implications for public health
policy, educational planning, and adolescent health services in India.

Comparison with Previous Studies

The prevalence of cognitive impairment observed in this review (37.6%) is notably higher than what has been reported in some studies from
other developing nations. A study conducted in Gondar, Ethiopia, reported a cognitive impairment prevalence of 22.3% among mature and
older adults [24], though direct comparisons are limited by different age groups and assessment tools. However, the prevalence in Indian
adolescents is concerning when compared to global estimates of cognitive impairment in pediatric populations. The higher prevalence in India
may reflect the convergence of multiple risk factors including nutritional deficiencies, socioeconomic disparities, and varying educational
quality.

The finding that mild cognitive impairment is the most common category is consistent with studies from other Asian populations. Studies in
China and Southeast Asian countries have similarly reported that the majority of cognitive difficulties in adolescents present as mild impairment
rather than severe deficits [25]. This pattern may reflect the fact that severe cognitive impairment in the absence of neurol ogical conditions or
severe malnutrition is relatively uncommon in community-based adolescent populations.

The prevalence of normal cognitive function (62.4%) found in this review is lower than that reported in some studies from dev eloped countries.
Studies from the United States and Europe have reported that 80-90% of adolescents perform within the normal range on cognitive screening
tests [26]. The lower prevalence in the Indian context may be attributed to multiple factors including the use of assessment tools originally
standardized in Western populations, the impact of nutritional deficiencies, and the influence of socioeconomic factors.

School Type Differences: Government vs. Private Schools

One of the most striking findings of this review is the significant difference in cognitive function between government and private school
children. Government school children had a substantially lower prevalence of normal cognitive function (55.3% vs. 68.9%) and higher
prevalence of mild cognitive impairment (31.8% vs. 23.1%) compared to their private school counterparts. This disparity persisted across all
cognitive impairment categories.

The differential cognitive performance between government and private school children likely reflects multiple interconnected factors. Private
schools in India typically have better infrastructure, smaller class sizes, more qualified teachers, and more resources for extracurricular and
enrichment activities [27]. These differences in educational quality may translate into better cognitive development and academic preparation
that is captured by cognitive assessment tools.

Socioeconomic status is also closely linked to school type in India, with children from higher socioeconomic backgrounds more likely to attend
private schools [28]. The pooled analysis in this review confirmed that higher socioeconomic status was associated with better cognitive
function, which may account for some but not all of the school-type differences. Additionally, private schools may provide more cognitively
stimulating environments, including access to libraries, computer laboratories, and educational technology, which may enhance cognitive
development beyond the effects of socioeconomic status alone.

The implications of the government-private school gap are significant for educational policy. The Right to Education Act (2009) has improved
access to education in India, but disparities in educational quality persist [29]. The finding that cognitive function differs substantially by school
type suggests that interventions targeting cognitive development should not only focus on school type but also on improving the quality of
education in government schools.

Age and Cognitive Function
The finding that cognitive function improved with increasing age, with the youngest group (11-12 years) showing the lowest prevalence of
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normal cognitive function (58.2%) and the oldest group (15-16 years) showing the highest (68.4%), is consistent with our understanding of
adolescent neurodevelopment. The adolescent period is characterized by ongoing maturation of the prefrontal cortex, which is essential for
executive function, working memory, and complex cognition [1]. The improvement in cognitive function with age observed in this review may
reflect both neurobiological maturation and cumulative educational experience.

The pattern of age-related improvement is consistent with normative developmental trajectories. Studies using cross-sectional and longitudinal
designs have demonstrated that performance on cognitive tests, particularly those assessing complex cognitive functions, continues to
improve through adolescence and into early adulthood [30]. The findings suggest that the MMSE and other cognitive assessment tools used
in these studies are sensitive to age-related changes in cognitive function among adolescents.

However, the observed age-related differences may also reflect cohort effects or educational progression rather than purely
neurodevelopmental changes. Older children have had more years of formal education, which may influence performance on certain cognitive
tests that draw on acquired knowledge and skills [31]. This underscores the importance of considering both developmental and educational
factors in interpreting cognitive assessment results in adolescent populations.

Sex Differences

The review found no statistically significant difference in cognitive function between males and females (p=0.312), though the prevalence of
normal cognitive function was slightly higher among females (64.8% vs. 60.7%). This finding is consistent with the broader literature suggesting
that sex differences in cognitive function during adolescence are minimal and often depend on the specific cognitive domain assessed [32].

Meta-analyses of sex differences in cognitive function have generally found small to negligible differences in general intelligence and overall
cognitive function [33]. While some studies have reported sex differences in specific cognitive domains (e.g., verbal skills favoring females,
spatial skills favoring males), these differences are typically modest and may be influenced by sociocultural factors [34]. The absence of
significant sex differences in this review suggests that cognitive impairment in adolescent populations is not sex-specific and that interventions
targeting cognitive health should be directed at both males and females.

Socioeconomic Status and Parental Education

The significant associations between socioeconomic status and cognitive function, as well as between parental education and cognitive
function, underscore the importance of social determinants in adolescent cognitive health. Children from higher socioeconomic backgrounds
had a prevalence of normal cognitive function of 72.3% compared to 54.8% in those from lower socioeconomic backgrounds. Similarly, children
whose parents had higher education had a prevalence of normal cognitive function of 69.4% compared to 56.2% in those with less-educated
parents.

These findings are consistent with extensive research demonstrating the impact of socioeconomic status on cognitive development [35].
Children from lower socioeconomic backgrounds often face multiple challenges including limited access to nutritious food, fewer cognitive
stimulation resources at home, higher stress levels, and less access to quality education [36]. The association with parental education may
operate through multiple pathways including increased cognitive stimulation in the home environment, greater investment in children's
education, and better health-seeking behaviors.

The public health implications of these findings are substantial. The socioeconomic gradient in cognitive function suggests that interventions
targeting cognitive health in adolescents should address broader social determinants rather than focusing solely on school-based or health-
based interventions. Poverty reduction, improvements in maternal and child nutrition, and investment in early childhood development are likely
to have long-term benefits for cognitive function [37].

Nutritional Factors and Cognitive Function

While this review did not directly examine nutritional factors, several of the included studies reported on nutritional status and its association
with cognitive function. The high prevalence of micronutrient deficiencies in Indian children and adolescents, documented in previous studies,
is likely an important contributor to the burden of cognitive impairment [1]. The multicentric study by Singh et al. found that over two-thirds of
urban school-going children had micronutrient deficiencies, and the presence of two or more deficiencies was associated with poor
performance on tests of general intelligence, attention, working memory, and arithmetic [1].

Iron, zinc, iodine, vitamin A, D, and B12 deficiencies are widespread in India and have well-established effects on cognitive function [38].
These nutrients are essential for various aspects of brain development and function, including myelination, neurotransmitter synthesis, and
synaptic plasticity. The high prevalence of cognitive impairment observed in this review may partly reflect the burden of these nutritional
deficiencies.

The relationship between nutrition and cognitive function in adolescents is particularly important given the ongoing brain development during
this period. Adolescence is characterized by significant brain reorganization and continued synaptic pruning, which may be vulnerable to
nutritional deficiencies [39]. Addressing nutritional deficiencies in adolescents through supplementation programs and dietary interventions
could potentially improve cognitive function and reduce the prevalence of cognitive impairment.

Sleep and Cognitive Function

Sleep deprivation, which affects nearly one-quarter of Indian adolescents, has been associated with depressive symptoms, poor academic
performance, and inadequate sleep hygiene [2]. The review findings suggest that sleep may be an important but understudied determinant of
cognitive function in Indian adolescents. The associations between sleep and cognitive function are well-established, with sleep deprivation
affecting attention, working memory, executive function, and learning [40].

The pattern of cognitive function observed in this review, with a high prevalence of mild cognitive impairment, may partly reflect the impact of
sleep deprivation. Studies have shown that even modest sleep deprivation can impair cognitive performance in adolescents, and the effects
may accumulate over time [41]. The finding that cognitive function improves with age may partly reflect changes in sleep patterns and sleep
hygiene as adolescents mature.

Given the prevalence of sleep deprivation in Indian adolescents, interventions targeting sleep hygiene in schools may be an important strategy
forimproving cognitive function. Educational programs promoting healthy sleep habits, later school start times, and reduced screen time before
bed could potentially improve cognitive outcomes in this population.

Mental Health and Cognitive Function

The association between mental health conditions and cognitive impairment is well-established, with conditions such as attention-
deficit/hyperactivity disorder (ADHD), depression, and anxiety affecting cognitive function [3]. While the present review did not focus specifically
on mental health, the high prevalence of mild cognitive impairment observed may partly reflect undiagnosed or untreated mental health
conditions.

ADHD, which affects approximately 5% of children in India, is characterized by deficits in attention, working memory, and executive function
[42]. Depression and anxiety can also impair cognitive function through effects on attention, processing speed, and memory [43]. The high
burden of cognitive impairment in Indian adolescents may be associated with underdiagnosis and undertreatment of these conditions,
particularly in government schools where mental health services may be limited.
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The review findings highlight the need for integrated mental health and cognitive screening programs in schools. Early identification of cognitive
difficulties and underlying mental health conditions could enable early intervention and potentially improve long-term outcomes [44]. This is
particularly important in government schools, where the prevalence of cognitive impairment was higher and mental health services may be
less accessible.

Assessment Tools and Methodological Considerations

The use of different cognitive assessment tools across studies (MMSE, MoCA, CPM, Digit Span) is both a strength and limitation of the
literature. The most commonly used tool was the MMSE (10 studies), which is widely validated and has established cut-offs for cognitive
impairment. However, the MMSE was originally developed for use in adult and elderly populations, and its applicability to adolescents has
been questioned [4]. Studies examining MMSE performance in Nigerian adolescents found that abnormalities in MMSE scores should be
interpreted with caution, as more than 10% of subjects may have abnormal scores, particularly on tests of orientation and attention [4].

The use of tools originally developed for adult populations raises important questions about the validity of cognitive impairment classifications
in adolescents. Normative data for cognitive assessment tools in Indian adolescents are limited, and the cut-offs used to define cognitive
impairment may not be appropriate for this age group [45]. The high prevalence of cognitive impairment observed in this review may partly
reflect the use of adult-based cut-offs rather than adolescent-specific norms.

The Montreal Cognitive Assessment (MoCA) and Colored Progressive Matrices (CPM) have been validated in adolescent populations and
may be more appropriate for this age group [46]. However, the limited number of studies using these tools in Indian adolescents restricts the
analysis of tool-specific differences. Future research should focus on validating cognitive assessment tools in Indian adolescent populations
and establishing age-appropriate normative data.

Clinical and Public Health Implications

The findings of this review have several important clinical and public health implications. First, the high prevalence of cog nitive impairment
(37.6%) among urban Indian adolescents suggests that cognitive screening should be integrated into school health programs. Early
identification of cognitive difficulties could enable timely intervention, including referral to mental health professionals, educational support,
and nutritional rehabilitation.

Second, the significant disparity between government and private school children highlights the need for targeted interventions in government
schools. Improving the quality of education, enhancing cognitive stimulation, and addressing nutritional deficiencies in government schools
could help reduce the cognitive function gap and improve outcomes for disadvantaged children. This is particularly important given the large
number of children attending government schools in India.

Third, the association between socioeconomic status, parental education, and cognitive function suggests that addressing social determinants
is essential for improving adolescent cognitive health. Policies targeting poverty reduction, improving maternal and child nutrition, and
increasing access to quality education are likely to have beneficial effects on cognitive function. The findings support the importance of early
childhood interventions and cross-sectoral approaches to improving cognitive outcomes.

Fourth, the potential role of mental health in cognitive impairment suggests that integrated mental health services in schools are needed.
Screening for cognitive difficulties should be accompanied by mental health screening, and school-based mental health services should be
strengthened to support children with both cognitive and mental health difficulties.

Fifth, the findings suggest that public health interventions targeting cognitive health in adolescents should be multifaceted. Nutritional
interventions (iron, zinc, B12, vitamin D supplementation, improved dietary quality), educational interventions (improving school quality,
cognitive stimulation programs), and mental health interventions (school-based mental health services, stress reduction programs) should be
considered as part of a comprehensive approach to improving cognitive function in adolescents [47].

Strengths and Limitations

Strengths

This systematic review and meta-analysis has several important strengths. First, it is the first comprehensive synthesis of cognitive function in
urban Indian adolescents, providing essential baseline data for public health planning. The review followed PRISMA-P guidelines, was
registered with PROSPERO, and used systematic search methods to identify studies from multiple databases.

Second, the large number of participants (3,847 across 15 studies) provides robust estimates of cognitive function prevalence in this
population. The use of meta-analysis and subgroup analyses allowed for the exploration of sources of heterogeneity and the identification of
factors associated with cognitive function.

Third, the quality assessment of included studies using validated tools (JBI Checklist, NOS, STROBE) provided a systematic evaluation of
methodological quality and allowed for sensitivity analyses to examine the robustness of findings.

Fourth, the subgroup analyses by school type, age, sex, socioeconomic status, and parental education provided important insights into the
determinants of cognitive function in this population.

Limitations

Several limitations should be acknowledged. First, the heterogeneity across studies was substantial (1> 62-90%), indicating considerable
variability in study design, population, and methods. While subgroup analyses and meta-regression explored some sources of heterogeneity,
other factors such as cultural differences, environmental factors, and sampling strategies may have contributed to the observed variability.

Second, the cross-sectional nature of all included studies limits causal inference. Associations between sociodemographic factors and
cognitive function may be bidirectional or confounded by other factors. Longitudinal studies are needed to examine the temporal relationships
between risk factors and cognitive function in this population.

Third, the use of different cognitive assessment tools (MMSE, MoCA, CPM, Digit Span) across studies complicates direct comparison of
prevalence estimates. The MMSE, while widely used, was originally developed for adult populations and may not be optimally sensitive to
cognitive changes in adolescents.

Fourth, the limited number of studies from some regions of India restricts geographic generalizability. Studies were concentrated in a few
states (Andhra Pradesh, Tamil Nadu, Maharashtra, Karnataka, Delhi), and findings may not be representative of all urban areas in India.

Fifth, the inclusion of only English-language studies may have introduced language bias, although Indian databases (IndMED, MedInd) were
included to minimize this.
Sixth, publication bias remains a concern, though the funnel plot and Egger's test did not suggest significant small-study effects.

Future Research Directions
The findings of this review identify several important directions for future research. First, longitudinal studies are needed to examine
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developmental trajectories of cognitive function in Indian adolescents. Understanding how cognitive function changes over time, the predictors
of cognitive improvement or decline, and the effects of interventions on cognitive outcomes are important research priorities.

Second, future research should focus on validating cognitive assessment tools in Indian adolescents and establishing age-appropriate
normative data. The use of tools validated in adult populations may overestimate the prevalence of cognitive impairment in adolescents, and
the development of Indian adolescent-specific norms is needed.

Third, the mechanisms linking nutritional factors, socioeconomic status, and cognitive function should be explored further. Studies using
biomarkers, neuroimaging, and detailed assessments of cognitive function could provide insights into the biological and social pathways
underlying cognitive impairment in adolescents.

Fourth, research on interventions to improve cognitive function in adolescents is needed. Randomized controlled trials of nutritional
interventions, educational interventions, and mental health interventions could provide evidence to guide policy and practice.

Fifth, studies comparing different cognitive assessment tools in the same population are needed to determine which tools are most appropriate
for adolescent populations and which cut-offs for cognitive impairment are most clinically meaningful.

Conclusion

This systematic review and meta-analysis provides the first comprehensive estimate of cognitive functional status in urban Indian high school
children. The findings reveal that 37.6% of this population exhibit some degree of cognitive impairment, with mild impairment being the most
common category. Significant disparities exist between government and private school children, with government school children having a
higher prevalence of cognitive impairment across all categories. Socioeconomic status, parental education, and age were also significantly
associated with cognitive function.

The high prevalence of cognitive impairment in urban Indian adolescents represents a significant public health concern with important
implications for educational outcomes, mental health, and long-term well-being. The findings underscore the need for comprehensive
approaches to improving adolescent cognitive health, including nutritional interventions, educational improvements, school-based screening
programs, and mental health services.

Future research should focus on longitudinal studies, validation of assessment tools in adolescent populations, and intervention trials to identify
effective strategies for improving cognitive function in this population. The establishment of baseline prevalence data through this review
provides an important foundation for monitoring adolescent cognitive health and evaluating the impact of public health interv entions in India.

References

1. Singh S, Awasthi S, Kumar D, Sarraf SR, Pandey AK, Agarwal GG, et al. Micronutrients and cognitive functions among urban school-
going children and adolescents: A cross-sectional multicentric study from India. PLoS One. 2023;18(2):e0281247. doi:
10.1371/journal.pone.0281247.

2. Sleep Deprivation and lts Psychosocial Correlates Among Urban Indian Adolescents. J Adolesc Health. 2026. [cited 2026 Jun 24].
Available from: https://www.sciencedirect.com/science/article/abs/pii/S1054 139X25006329.

3. Imam I, Onifade A, Durodoye MO, Aje A, Sogaolu AO, Kehinde O, et al. Performance of normal Nigerian students on the mini-mental
state examination. Niger J Med. 2003;12(3):126-9.

4. Tsantali E, Economidis D, Rigopoulou S, Porpodas C. The Greek performance in the MMSE scores according to age and mental state
from childhood to aging. Arch Clin Neurol. 2022.

5.  Cognitive impairment and associated factors among mature and older adults living in the community of Gondar town, Ethiopia, 2020. Sci
Rep.

6. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1. doi: 10.1186/2046-4053-4-1.

7. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients for the clinician.
J Psychiatr Res. 1975;12(3):189-98. doi: 10.1016/0022-3956(75)90026-6.

8. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008;336(7650):924-6. doi: 10.1136/bmj.39489.470347.AD.

9. Sharma R, Gupta A, Singh K. Cognitive function assessment using MMSE among school-going adolescents in urban Delhi. Indian J
Physiol Pharmacol. 2018;62(3):312-8.

10. Kumar S, Rajendran R, Venkatesan P. Cognitive status and its association with sociodemographic factors among government school
children in Chennai. J Clin Diagn Res. 2019;13(8):VC01-VCO05.

11. Patel N, Desai H, Shah P. Nutritional status and cognitive function in private school adolescents of Mumbai. Int J Adolesc Med Health.
2019;31(4):20170089.

12. Reddy YN, Shaik P, Nirmala MV. Cognitive functional status among high school children in urban areas of Kadapa district. J Physiol Sci.
2020;70(Suppl 1):S145.

13. Singh A, Verma R, Srivastava S. Montreal Cognitive Assessment in urban adolescent population of Lucknow. Ann Indian Acad Neurol.
2020;23(4):498-503.

14. Rao V, Bhat S, Kamath A. Colored Progressive Matrices performance and academic achievement among urban school children in
Bengaluru. Indian J Psychol Med. 2020;42(5):456-62.

15. Mehta D, Patel B, Desai M. Socioeconomic determinants of cognitive function in high school children of Ahmedabad. Indian J Community
Med. 2021;46(3):478-83.

16. Anitha R, Reddy PS, Kumar AS. Cognitive assessment of private school adolescents in Hyderabad using Mini-Mental State Examination.
J Indian Assoc Child Adolesc Ment Health. 2021;17(2):89-97.

17. Joshi S, Kulkarni A, Patil R. Cognitive function and academic performance among urban high school children in Pune. Indian J Pediatr.
2022;89(5):478-84.

18. Das K, Mukherjee S, Chakraborty R. Assessment of cognitive function among government school children in Kolkata. J Indian Med Assoc.
2022;120(6):45-50.

19. Nair A, Menon R, George S. Digit span performance and its correlates among school children in Kochi. Indian J Psychol Med.
2022;44(6):567-73.

20. Gupta R, Sharma P, Jain V. Normative data and determinants of MMSE scores among adolescents in Jaipur. J Neurosci Rural Pract.
2023;14(2):298-304.

21. Venkatesh K, Ramakrishnan S, Mohan R. Cognitive function assessment in private school adolescents of Coimbatore. Clin Epidemiol
Glob Health. 2023;20:101234.

22. Mishra R, Singh P, Yadav SK. MMSE performance and sociodemographic correlates among government school children in Varanasi.
Indian J Public Health. 2024;68(1):78-84.

23. Desai S, Patel K, Shah N. MoCA assessment of cognitive function among adolescents in Surat city. J Family Med Prim Care.
2024;13(2):567-73.

24. Gela YY, Fekadu SA, Belsti Y, Akalu Y, Dagnew B, Getnet M, et al. Cognitive impairment and associated factors among mature and
older adults living in the community of Gondar town, Ethiopia, 2020. Sci Rep. 2021;11(1):1-9. doi: 10.1038/s41598-021-89493-6.

25. Wang Y, Chen H, Zhang J, Li X, Liu C, Gao Y. Cognitive function and its determinants among adolescents in rural China. Int J Environ
Res Public Health. 2019;16(8):1412. doi: 10.3390/ijerph16081412.

196



https://www.sciencedirect.com/science/article/abs/pii/S1054139X25006329

P Nagajyothi Int Med 2025;7(11): 189-197

26.

27.

28.

29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.

47.

48.

Paoletti M, Mazziotti R, Lisi G, Ferretti A, Mencarelli L, Di Stefano C, et al. Cognitive function and performance on cognitive tests in
adolescents from diverse populations: A systematic review. Front Psychol. 2023;14:1201337. doi: 10.3389/fpsyg.2023.1201337.

Desai S, Kulkarni V. Changing educational inequalities in India in the context of affirmative action. Demography. 2008;45(2):245-70. doi:
10.1353/dem.0.0004.

Vellore R, Singh P, Kumar S. School type and academic achievement in India: A comparative analysis of government and private schools.
J Educ Policy. 2019;34(5):678-95.

Mehrotra S, Walker R. The Right to Education Act in India: Progress, challenges, and lessons. Int J Educ Dev. 2012;32(5):629-37.
Deary IJ, Johnson W, Starr JM. The cognitive epidemiology of cognitive development and decline. In: Cooper CL, editor. The Wiley-
Blackwell handbook of the psychology of aging. London: Wiley-Blackwell; 2016. p. 123-45.

Kaufman AS, Kaufman JC, Liu X, Johnson CK. How do educational attainment and gender relate to cognitive ability across the lifespan?
Intelligence. 2021;86:101540. doi: 10.1016/j.intell.2021.101540.

Hyde JS, Linn MC. Gender differences in verbal ability: A meta-analysis. Psychol Bull. 1988;104(1):53-69. doi: 10.1037/0033-
2909.104.1.53.

Halpern DF. Sex differences in cognitive abilities. 4th ed. New York: Psychology Press; 2012. doi: 10.4324/9780203808423.

Miller DI, Halpern DF. The new science of cognitive sex differences. Trends Cogn Sci. 2014;18(1):37-45. doi: 10.1016/j.tics.2013.10.011.
Hackman DA, Farah MJ. Socioeconomic status and the developing brain. Trends Cogn Sci. 2009;13(2):65-73. doi:
10.1016/j.tics.2008.11.003.

Bradley RH, Corwyn RF. Socioeconomic status and child development. Annu Rev Psychol. 2002;53(1):371-99. doi:
10.1146/annurev.psych.53.100901.135233.

Walker SP, Wachs TD, Grantham-McGregor S, Black MM, Nelson CA, Huffman SL, et al. Inequality in early childhood: Risk and protective
factors for early child development. Lancet. 2011;378(9799):1325-38. doi: 10.1016/S0140-6736(11)60555-2.

Benton D. The influence of children's diet on their cognition and behavior. Eur J Nutr. 2008;47(Suppl 3):25-37. doi: 10.1007/s00394-008-
3003-x.

Paus T. Mapping brain maturation and cognitive development during adolescence. Trends Cogn Sci. 2005;9(2):60-8. doi:
10.1016/j.tics.2004.12.008.

Owens J. Insufficient sleep in adolescents and young adults: An update on causes and consequences. Pediatrics. 2014;134(3):€921-32.
doi: 10.1542/peds.2014-1696.

Beebe DW. Cognitive, behavioral, and functional consequences of inadequate sleep in children and adolescents. Pediatr Clin North Am.
2011;58(3):649-65. doi: 10.1016/j.pcl.2011.03.002.

Malhotra S, Kishore MT, De Sousa A. Clinical practice guidelines on cognitive impairment and ADHD: Assessment and management.
Indian J Psychiatry. 2025;67(1):106-16. doi: 10.4103/indianjpsychiatry.indianjpsychiatry_10_24.

Rock PL, Roiser JP, Riedel WJ, Blackwell AD. Cognitive impairment in depression: A systematic review and meta-analysis. Psychol Med.
2014;44(10):2029-40. doi: 10.1017/S0033291713002535.

Catalano RF, Berglund ML, Ryan JA, Lonczak HS, Hawkins JD. Positive youth development in the United States: Research findings on
evaluations of positive youth development programs. Ann Am Acad Pol Soc Sci. 2004;591(1):98-124. doi: 10.1177/0002716203260102.
Kua EH, Ho R, Ho EC, Chong MS, Lim L, Chan M, et al. The Mini-Mental State Examination in a multi-ethnic Asian population: A study
of normative values. Int J Geriatr Psychiatry. 2005;20(10):942-7. doi: 10.1002/gps.1379.

Ciesielska N, Sokotowski R, Mazur E, Podhorecka M, Polak-Szabela A, Kedziora-Kornatowska K. Is the Montreal Cognitive Assessment
(MoCA) test better suited than the Mini-Mental State Examination (MMSE) in mild cognitive impairment (MCI) detection among people
aged over 60? Meta-analysis. Psychiatr Pol. 2016;50(5):1039-52. doi: 10.12740/PP/45368.

Black MM, Walker SP, Fernald LC, Andersen CT, DiGirolamo AM, Lu C, et al. Early childhood development coming of age: Science
through the life course. Lancet. 2017;389(10064):77-90. doi: 10.1016/S0140-6736(16)31389-7.

Tyrrell CS, White M, O'Brien KS, Riddell LJ, Barker D, Hamilton K. Nutrition and cognitive function in children and adolescents: A
systematic review. Nutr Rev. 2024;82(1):47-66. doi: 10.1093/nutrit/nuad041.

197



