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Abstract

Background Children were exposed to the social, psychological and academic effects of the COVID-19 pandemic. The
objective of this analysis was to assess the prevalence of delayed early childhood development (ECD) among children
aged 36 to 59 months in Mexico, both before (2018) and after the COVID-19 pandemic (2021).

Methods Observational study. ECD was assessed through the Early Childhood Development Index (ECDI) following the
methodology of the Cluster Indicator Surveys (MICS), using data from the ENSANUT 2018-19 and 2021. Prevalences
were estimated with population weights and Poisson regression models were applied to analyze association between
ECD delay and covariates.

Results A total of 19.34% of children aged 36 to 59 months had ECD delay in 2018 and 18.52% in 2021. The factors
associated with ECD delay in 2018 were socioeconomic status, access to at least three children’s books, domestic violence,
and severe functioning difficulties, and the associated factors in 2021 were sex, region, learning support, access to at
least three children’s books, early education attendance, being an adolescent mother, severe functioning difficulties,
and the child’s age.

Conclusion Factors associated with delayed ECD in Mexico changed after the pandemic: there was an increase in learning
support within the family, and the impact of socioeconomic differences on ECD was reduced.
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1 Introduction

Child development encompasses the biological, emotional, and cognitive processes that occur from pregnancy through
adolescence, during which human beings progress towards increasing autonomy [1]. The first five years of a child’s life
are crucial to their health and well-being due to the speed of development of brain [2]. This period involves a complex
interplay of neural connections, strongly influenced and shaped by experiences and the surrounding environment [3,
4]. Early childhood is crucial for governments’ efforts to improve the quality of life for their populations. Governments,
communities, and families have this critical window of opportunity to promote healthy child development during these
early years [5, 6].
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The pandemic drastically impacted societies and economies worldwide, leading to significant disruptions in education,
healthcare, and social support systems [7]. While some scientists may have predicted this catastrophe, many considered
the pandemic as unforeseen [8]. The World Health Organization (WHO) released its first statement to the public in January
2020, announcing a suggestive outbreak in Wuhan, China (2020), and by the end of March 2020, the entire world began to
enter into their tentative lockdowns [9]. The pandemic caused large numbers of adults to face pernicious circumstances
such as isolation, feelings of loneliness, job loss, financial instability, illness and grief [10]. A KFF/CNN survey of US adults
found that 90% believed that the pandemic had created a mental health crisis in the country [11].

The most negatively affected populations have been marginalized groups in society, including women and childhood
[12]. Moreover, according to UNICEF, children were the hidden victims of the pandemic [13]. Regardless of experiencing
lower to moderate symptoms and low mortality rates when infected by COVID-19, this population was still exposed
to its social, psychological, and academic impacts. The major crises children confronted during the pandemic were an
expansion in physical violence, worsened mental health, a rise in online violence, closed schools, and a surge in poverty
[14, 15]. Several studies grevealed that parents in the United States thought their children experienced changes to
their health during the pandemic [11, 16]. While high-income countries faced significant challenges, the impact of the
COVID-19 pandemic on low- and middle-income countries like Mexico was particularly severe. The World Bank Group
declared that emerging nations were hit hardest by the pandemic [17]. UNICEF analyzed the impact of the COVID-
19 pandemic on children and families in Latin America and the Caribbean, concluding that the pandemic had very
detrimental consequences [13]. In 2020, only 47 per cent of adults in households with children were working, and 22%
consumed less than 3 meals a day. Between 2021 and 2022, about 1 in 3 households were still living in survival mode, 31
per cent of households with children were not able to meet their basic needs for more than 2 weeks, 37 per cent had to
rely on informal work as their main source of income, and 50% of adults in households with children and 10% of children
still reduced their portion sizes of meals [13]. Furthermore, UNICEF reported more than 95 per cent of children enrolled
in schools in Latin America and the Caribbean have temporarily stopped attending because of the pandemic[18].

Given the significant disruptions caused by the pandemic and the recognized vulnerability of young children, the aim
of this study was to assess the prevalence of delayed ECD among children aged 36 to 59 months in Mexico, both before
(2018) and after the COVID-19 pandemic (2021). We compared rates for child characteristics, maternal characteristics,
household conditions, and well-being indicators, before and after the pandemic. Additionally, we aimed to understand
the factors associated with ECD before and after COVID-19 pandemic.

2 Methods

This study was conducted on two nationally representative surveys called the National Health and Nutrition Survey
(ENSANUT). Surveys are probabilistic, multi-stage, stratified, and clustered, representative of the national, regional, and
rural/urban levels. The Ensanut 2018 survey was conducted between August 2018 and February 2019, visiting 50,654
households, with a response rate of 87%. [19]. The Ensanut 2021 survey was conducted between August and November
2021, visiting 12,619 households with a response rate of 75% [20]. Starting in 2020, the Ensanut became the Continuous
Ensanut and is conducted annually with a smaller sample size compared to previous Ensanut surveys (which were
conducted every five years). In this analysis, Ensanut surveys prior to 2018 and the Continuous Ensanut 2020 are not
included, as they do not contain information on ECD.

The outcome variable is ECD, measured with the United Nations Children’s Fund (UNICEF) Early Childhood Development
Index (ECDI). For this study, a random subsample of children aged 36 to 59 months (1705 in 2018 and 1226 in 2020) was
selected to measure ECDI. In 2018, ECDI measured the developmental status of children aged 36 to 59 months, which
includes 10 items across four domains: language/cognitive (3 items), physical (2 items), social-emotional (3 items) and
approaches to learning (2 items). Therefore, the ECDI represents the percentage of children aged 36 to 59 months who
were developmentally on track in at least three of these four domains. However, the ECDI was reviewed in 2020 and is
composed of 20 items covering 3 domains (learning, psychosocial well-being and health) and 12 subdomains. The 20
dichotomous questions were used to calculate a single score, with the minimum value of 1 and the maximum of 20. To
determine if the development is adequate, the score obtained must be greater than or equal to the cutoff point, which
by age is as follows: a child between the ages of 24 and 29 months would need to endorse at least 7 of the 20 items; 30
to 35 months—9 points; 36 to 41 months—11 points; 42 to 47 months—13 points; and 48 to 59 months—15 points.
In 2022, children between 24 and 35 months were not selected, as they were not considered in the ECDI calculation in
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2018. Finally, to identify girls and boys with developmental delays, the ECDI was recoded as "delayed" (code=1) and
"not delayed" (code=0).

2.1 Covariates

Children’s characteristics included as covariates were sex, age in months (36-47 months and 48-59 months), and
whether he or she lived with the biological father. For the mother, mother’s age at the child’s birth (adolescent and adult;
adolescent mother was defined as someone who was under 20 years old at the time of her child’s birth) and education
(primary school or less, middle school, and high school/college/university), and marital status (single, free union/married
and separated/divorced/widow) and depressive symptoms (maternal indicator measured with the CESD-7 scale [21]).

Regarding household characteristics, the variables explored were: socioeconomic status (SES) was divided into
low, medium, and high levels, using tertiles as cut-off points; indigenous ethnicity defined as speaking an indigenous
language (Yes/No); residence area (in 2018, rural and urban; and in 2021, rural (areas < 2500 inhabitants), urban (areas > 2
500 and areas < 100 000 inhabitants), or metropolitan (= 100 000 inhabitants)); and region (in 2018, four categories: North,
Center, Mexico City, and South; and in 2021, nine categories).

Finally, the well-being indicators considered in the study were whether the child attended early education (percentage
of children aged 36 to 59 months attending preschool education programs), had learning support, had three or more
children’s books at home, experienced violent discipline methods by their caregivers, whether the care was inadequate
(percentage of children aged 0 to 59 months left alone and/or under the care of another child under 10 years old for
at least one hour during the week prior to the survey),presence of severe functional difficulties in at least one domain
(seeing, hearing, walking, fine motor coordination, understanding, being understood, learning things, playing, and,
where applicable, controlling behavior).

2.2 Statistical analysis

Descriptive statistics of continuous variables (mean + standard deviation) and categorical variables (percentages and 95%
confidence intervals) for child, maternal, and household characteristics, as well as well-being indicators, were examined
in each survey. We also conducted bivariate analyses of these characteristics and indicators according to the EDC, using
a chi-square test to evaluate differences between categories.

Finally (22) we adjusted modified Poisson models to estimate the factors associated with ECD delay, given that the
prevalence of ECD delay exceeded 10% [22]. This method, also called the robust Poisson regression, produces more robust
estimators with lower variance than the log-binomial method when sample size is moderate and prevalences are high,
and results can be interpreted as risk or prevalence ratios. In addition, the robust Poisson method assumes a log-linear
relationship between the prevalence of the outcome and the explanatory variables [23]. The prevalence ratio (PR) with
95% confidence intervals was presented in the table. Independent variables were included in the model if they had a
p-value <0.25 in the bivariate analysis. The models were adjusted by the same set of covariates: sex, age in months, the
child lives with biological father, mother’s age, maternal education, mother’s marital status, SES, region, residence area,
early education attendance, learning support, access to three or more children’s books at home, exposed to domestic
violence, Inadecuate care, and severe functional difficulties.

All estimates were performed using Stata statistical software version 17.0 (Stata, Stata Corp, College Station). We used
the “svy” command to account for the complex sampling design, and a p-value of <0.05 was considered statistically
significant.

3 Results

Table 1 presents the characteristics of the study population in children aged 36 to 59 months in Mexico in 2018 and in
2021.1n 2018, 19.3% of children aged 36 to 59 months had ECD delay. In absolute numbers, this percentage translates
into approximately 787,860 children. 49.38% of the study population were girls, 49.76% of the children were between
48 and 59 months, and 74.13% lived with biological father. 18.02% were children of mothers with primary education or
les, 23.01% were adolescents, 81.99% were married or lived in free unién, and 65.14% presented depressive symptoms.
Additionally, 69.78% of the children lived in urban areas, and 41.84% in households with low SES. Nationally, 67.55%
attended early education, 47.47% of the children had support for learning at home, 40.44% had access to three or more
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Table 1 Characteristics of the
study population in Mexico
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2018 n=1,705 (N=4,073,006) 2021 n=1,226 (N=4,626,739) p-value
Child Characteristics
Sex
Male 50.62 (46.21-55.01) 50.13 (46.32-53.94) 0.869
Female 49.38 (44.99-53.79) 49.87 (46.06-53.68)
Age group (months)
36-47 50.24 (46.21-54.27) 48.30 (45.10-51.51) 0.478
48-59 49.76 (45.73-53.79) 51.70 (48.49-54.90)
Lived with biological father
No 25.87 (22.71-29.31) 29.29 (25.88-32.95) 0.167
Yes 74.13 (70.69-77.29) 70.71 (67.05-74.12)
Characteristics of the Mother
Mother’s age
Adult 76.99 (72.53-80.92) 81.62 (78.48-84.39) 0.063
Adolescent 23.01(19.08-27.47) 18.38 (15.61-21.52)
Mother’s education
Primary or less 18.02 (15.45-20.92) 19.13 (16.23-22.40) 0.585
Middle School 38.2(34.4-42.14) 35.41(31.84-39.15)
High School/College/ University — 43.78 (39.76-47.88) 45.46 (41.31-49.68)
Mother’s marital status
Free union/married 81.99 (78.81-84.78) 77.83 (74.4-80.93) 0.066
Separated/divorced/widow 11.16 (8.99-13.79) 11.85(9.46-14.74)
Single 6.85 (5.15-9.05) 10.31 (8.35-12.68)
Depressive symptoms 65.14 (59.06-70.76) 67.13 (62.69-71.29) 0.594
Characteristics of the Home
Socioeconomic status (SES)
Low 41.84 (37.79-46.01) 41.26 (37.83-44.77) 0.046
Middle 36.24 (32.55-40.1) 31.12(27.76-34.7)
High 21.91 (19.02-25.11) 27.62 (23.96-31.61)
Indigenous ethnicity 7.96 (6.19-10.18) 4.24 (2.86-6.25) 0.005
Region (2018)
North 18.13 (16.32-20.09)
Center 35.54(31.9-39.35)
Mexico City 11.68 (9.31-14.56)
South 34.65 (31.49-37.96)
Region (2021)
Pacific north 7.45 (5.74-9.62)
Border 12.19(10.13-14.62)
Pacific center 11.65 (9.38-14.38)
Center north 13.59(12.07-15.25)
Center 10.36 (8.4-12.73)
Mexico City 5(4.22-5.9)
State of Mexico 13.04 (11.05-15.33)
Pacific South 15.79 (13.54-18.32)
Peninsula 10.94 (9.16-13)
Residence area
Urban 69.78 (66.36-72.99) 26.19 (23.28-29.33)
Rural 30.22 (27.01-33.64) 33.57 (30.7-36.57)
Metropolitan 40.24 (37.13-43.43)
Well-being Indicators
Early education attendance 67.55 (63.65-71.23) 53.44 (49.46-57.38) <0.001
Learning support 47.47 (43.47-51.49) 84.01 (81-86.63) <0.001
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Table 1 (continued) 2018 n=1,705 (N=4,073,006) 2021 n=1,226 (N=4,626,739) p-value

Access to three or more 40.44 (36.81-44.18) 48.22 (44.79-51.67) 0,004
children’s books at home

Domestic violence 69.57 (66.13-72.81) 59.11 (55.66-62.47) <0.001

Inadecuate care 6.75 (5.08-8.93) 12.39(10.04-15.19) 0.001

Severe functional difficulties 6.54 (4.87-8.75) 2.57 (1.76-3.75) <0.001

ECDI

With delay 80.66 (76.54-84.20) 81.48 (78.53-84.12) 0.730

Without delay 19.34 (15.80-23.46) 18.52(15.88-21.47)

children’s books at home, 69.57% were exposed to methods of violent discipline, 6.75% had inadequate care, and 6.54%
presented severe functional difficulties.

However, in 2021, 18.52% of children aged 36 to 59 months had ECD delay. In absolute numbers, this percentage
translates into approximately 856,724 children. 49.87% of the study population were girls, 51.70% of the children were
between 48 and 59 months, and 70.71% lived with biological father. 19.13% were children of mothers with primary
education or less, 18.38% were adolescents, 77.83% were married or lived in free union, and 67.13% presented depressive
symptoms. Additionally, 66.43% of the children lived in urban or metropolitan areas, and 41.26% in households with low
SES. Nationally, 53.44% attended early education, 84.01% of the children had support for learning at home, 48.22% had
access to three or more children’s books at home, 59.11% were exposed to methods of violent discipline, 12.39% had
inadequate care, and 2.57% presented severe functional difficulties. There were differences in all well-being indicators
between 2018 and 2021 (Table 1).

The percentage of ECD delay was 20.44% in females and 18.28% in males in 2018; in 2021, the percentage decreased in
females (17.12%) and increased in males (23.77%) (Table 2). The percentage of ECD delay also increased among children
who did not live with their biological father (21.69%), children in households with high SES (14.37%), children belonging
to an indigenous household (27.67%), and children without support for learning at home (30.71%) in 2021 compared to
2018 (16.79%, 10.66%,18.37%, and 21.49%, respectively). However, the percentage of ECD delay decreased in children
who lived in households with low SES (22%), children who were exposed to violent disciplinary methods (18.56%), and
in children of adolescent mothers (12.47%) compared to 2018 (25.75%, 22.50%, and 25.75%, respectively).

3.1 Factors associated with ECD: before and after pandemic results

Figure 1 shows the variables associated with ECD delay in 2018. Children who lived in households with high SES had
lower odds of ECD delay than those in households with low SES (PR=0.59, 95% ClI: 0.35, 0.90). Children with support for
learning at home had lower odds of ECD delay (PR=0.63, 95% Cl: 0.43, 0.90) than those without support. Children who
were exposed to violent disciplinary methods and/or with functional difficulties had greater odds of presenting ECD
delay (PR=2.07,95% Cl: 1.36, 3.10, and PR=2.51, 95% ClI: 1.79, 3.50, respectively).

Prevalence Ratio (PR); 95% Confidence interval (Cl). Values were obtained using modified poisson regression models
adjusted for: sex, age in months, the child lives with biological father, mother’s age, maternal education, mother’s marital
status, SES, region, residence area, early education attendance, learning support, access to three or more children’s books
at home, exposed to domestic violence, Inadecuate care, and severe functional difficulties.

Variables associated with ECD delay in 2021 were presented in Fig. 2. Girls had a lower risk of ECD delay than boys
(PR=0.60; 95% CI: 0.44, 0.83), and children aged 48 to 59 months had a greater risk than those aged 36 to 47 months
(PR=1.45; 95% Cl: 1.06, 1.98). Children living in the Border, Center, Pacific South, and Peninsula regions had a higher
risk of ECD delay compared to those in the Pacific North region. Children with functional difficulties had greater odds of
experiencing ECD delay (PR=2.26, 95% Cl: 1.55, 3.30). Finally, it was observed that children who had support for learning
at home (PR=0.58, 95% Cl: 0.38, 0.87), had access to three or more children’s books at home (PR=0.63, 95% Cl: 0.44, 0.91),
who attended early education (PR=0.67, 95% Cl: 0.49, 0.93), and children of adolescent mothers (PR=0.58, 95% Cl: 0.38,
0.87) were negatively associated with ECD delay.

Prevalence Ratio (PR); 95% Confidence interval (Cl). Values were obtained using modified poisson regression models
adjusted for: sex, age in months, the child lives with biological father, mother’s age, maternal education, mother’s marital

@ Discover



Research

| https://doi.org/10.1186/512982-025-00553-2

(2025) 22:155

Discover Public Health

€800

6CLl’0

1810

LC€0

6CC0

900

610

SEV0

L00'0>

(T1r-9TL1) L9°LT
(L0'1Z-9€'S1) LO'8L

(6£'12-8L6) LEVL
(L6'TT-VT€EL) 8SLL
(¢or9z-v¥'8l) TT

(98'£T-9€91) 95°LT
(SL'ze-TL'Ll) 88'sl

(¢8'¥T-9€°01) S€91
(SLLE-6L11) SVT
(£8'0T-5S0°S1) L£LL

(£9'1T-0£'11) L0991
(6'sT-€5°L1) TY' LT
(0£vT-€0TL) 8¥LL

(€€'81-0€'8) L¥'TL

(¢e'€T-9¥'91) 99'61

(9g'0T-S¥vl) T'LL

(95'8T-1'91) 69'LT

(SO¥T-95°S1) LL'6L
(€TLT-L8EL) VT LL

(691-£T°01) ¥T€EL
(cr'8T-9961) LL'€ET

(v£'78-8£'89) €€°TL
(¥9'¥8-66'8L) 66'L8

(¢8'06-17'84) €9'S8
(9£'98-€0°£L) T¥'T8
(95°18-86'€£) 82

(¥9'€8-¥1'TL) ¥¥'8L
(88'88-98'£L) TL'¥8

(¥9'68-81'5/) S9'€8
(LT'$8-52'T9) §'SL
(S6'¥8-€1'6L) €T'T8

(0£'88-€€£'8/) €6'€8
(¢8'8-79'€L) 85'8L
(£6'£8-0€'SL) TS'T8

(1T'16-69'08) 1898

(8€°€8-S¥'9/) ¥1°08

(S5'S8-79'6/) 8'C8

(6°€8-v¥'LL) LEBL

(S5°S8-¥9'6/) 8'C8
(6'€8-v¥'LL) LEBL

(€£'68-1'€8) 9298
(r€'08-85°LL) €T'9L

280

5000

8L00

6€0°0

¢s80

8910

81L€0

9090

(¥T'6T-26'01) LE8L
(LO¥T-99'G1) S'61

(§'s1-17°£) 9901
(SS'€T-L¥TI) TeLL
(¢9€€-6'81) LS'ST

(LO'Ov-L¥'61) 89'8C
(€8'1T-TS01) ¥E'SL

(86'71-60°€) £6'9
(£'2T-L€€1) 9561
(9g'sT-T1'91) S€°0C

(r€'8T-61'C1) 86'81
(18'sT-2091) 6%°0C
(6¥'vT-LT’EL) 8L'8L

(€T0v-91°'S1) S£'ST

(L6'0T-C°L Y1) 9'LL

(9°sz-zL's1) LToe

(S9'12-58'T1) 64791

(98'97-2£'T1) 6481
(€T¥T-£191) 06'61

(LL'8T-¥¥¥1) ¥¥'0T
(€8'TT-9v'v1) 8T'8L

(PE¥8-66'SL) S'08
(80'68-9£°0£) €918

(6£'76-5'78) €'68
(€5°£8-5¥'9/) 89'C8
(L°18-8€'99) €v'vL

(€5°08-€6'65) TE'LL
(8¥'68-£1'8L) 9978

(16'96-20°58) €0°€6
(€9'98-€'2/) vi'08
(88°€8-¥9vL) S9'6L

(18'£8-99'1£) TO'L8
(86'€8-61vL) LS6L
(6£/98-15'S2) 7818

(¥8'¥8-LL'68) STYL

(87°58-60'6L) ¥'Z8

(8TY8-¥'vL) 6L°6L

(S1°£8-S€'82) LTE8

(8T L8-¥1'€L) LT18
(€8'€8-££'SL) 01°08

(95'98-68'L£) 95°6L
(rS'e8-L1°2L)TLL8

SA
ON

Ayd1uy3a snouabipu|

ybIH

aIpPPIN

Mmo7

(53S) SN1L1S DIWOUOII0ID0S
SWOH Y3 4O sa1IsuddRIRYD
SaA

ON

swoydwiAs anissaidag
abus
MOPIM/P3dIOAID/PaIDIDdIS
DpalIbw/uoIuN 3314

snjels [e}ew sJ9Ylon
Ausianun /abajjod/j004>s ybiH
j00Y>s aippIN

$$3] 10 Aibwilid

uoedNPa S, J3YI0N
Juads3j0PY

inpy

abe s ayjony

J3YIO|A 3Y3 JO sdislIRdRIRYD
SaA

ON

1ay1ey |ed16ojoiq Yum paAr
65—8t

Lr—9¢

(syuow) dnoib aby
a|pwia

oI

NEIN

soisueIdeley) pliyd

anjea-

(%56 1) %
(¥T£'9S8=N) 0ZZ=U
Kejap yum

Lzoz ‘ad3

(%56 D) %

(#10°0££'€=N)900L=u

Aejap noyum

anjea(

(%56 D) %
(098'/8/=N) TlE=U
Kedp yum
810z'ax3

(%56 12) %

(Or1's8T'e=N) €6€L=U

Aejap noyum

Aanins Ag syjuow 5 pue 9¢ pabe ualp|iyd ul Aejap D3 JO dUdjeAdld ¢ d|qel

@ Discover



| https://doi.org/10.1186/512982-025-00553-2

(2025) 22:155

Discover Public Health

Research

2Jed ajendapeu|

(S0'ZZ-15'S1) 9581 (95%8-98°£L) ¥’ L8 (L0'8T-9L°£1) 05T (vTT8-€6LL) S'LL SaA
v26'0 (t8'€7-8071) 9¥'8L (21'98-88'S/) ¥S'L8 £00°0 (€69L-£99) 8L°TL (LE'16-L0°€8) T8 ON
9JU9|OIA dl3sswog
(€S°L1-50'6) £'TL (S6°06-L¥'T8) €48 (€9'81-20°6) 60°E L (86°06-L£°18) 1698 SaA
000> (ST°82-1°07) ¥6'€T (6'6£-SL'1L) 909, S00°0 (LT6T-59°81) SS'€T (SE'1L8-€£0L) S¥'9L OoN
awoy je s)ooq
S,uaipjiys =210W 10 931y} 0} SS=1dY
(SE'6L-8¥°EL) TIL (25'98-59°08) 8°€8 (TST-10'11) S6'9L (66'88-8'7£) SO'E8 SIA
100°0> (9£'LE-S¥'¥T) LLOE (SS'SL—¥T'T9) 6769 LLEO (L0'92-95°£1) 6¥'L.T (P'78-66'€L) LS'8L ON
1oddns buiuiea
(£L°0T-85°T1) 9791 (¢ L8-€T6L) VL €8 (89'v7-85°€l) §'8L (¢r98-T€'SL) S'L8 SIA
€010 (SY'ST-vSLL) €T1T (91'78-SSWL) LL'8L 8750 (€6'92-6191) 90'LT (18'€8-L0°€L) ¥6'SL ON
@duepuslle uoljednps >_\_mm_
slojedipuj @C_wo_u__w>>
(EL'€T-T6TL) SV LL (80°£8-£8'9£) SS'T8 upyjjodosapy
(€9'1z-88°EL) T LL (71'98-L£'8/) 85C8 (S9'LT-L971) 68LL (££'58-S€'8/) L1'T8 [piny
¥0¥'0 (58'97-80°L1) £S'LT (26'78-SL'EL) €°'8L €150 (S£'ST-TT'SL) L661 (8L'¥8-ST¥L) €008 unqin
eale WUCMﬁ_mwx
(LL'ZE-¥T'81) TSWT (9£'18-68°£9) 8¥'SL pjnsujudy
(1£'92-5S0°S1) 92°0C (S6'¥8-6T'EL) ¥L'6L Yinos dyiod
(69°ST-SLLL) YT LL (58'88-LE¥/) 9/7T8 0IX3\ JO 21D3S
(S0°0Z-6€°S) £9°01 (L9V6-56'6£) ££'68 A1 0o1xapy
(LL'8E-9¥'T1) ¥8'2T (¥S'£8-68°19)9LLL 121u3)
(€9'61-1S0L) 8¥¥L (6%'68-L€°08) TS'S8 yliop 421ua)
(8'97-¥T'8) SE'SL (9£'16-T°€£) 98 133u3) 2y
(6€'S€-8S'S1) £1'T (¢rv8-19%9) £8'SL J1apiog
7910 (LL'SL-¥E2) 7901 (99'76-68'78) 8568 YON 2y1od
(Lz0g) uoibay
(£5€-8€'61) 65°9C (29'08-£19) Ly'EL ynos
(8'Tv-95°L1) T8'€T (P'88-T'LS) 8L9L A oo1xapy
(9£'9185°01) T€L (t'68-79'€8) 898 JEIED)
¥20°0 (L9TT-TTe) T VL (8L°06—€€° L) 8T'S8 yroN
(8107) uoibay
(%56 D) % (%S6 D) %

(¥T£'958=N) 0ZZ=U (%56 1D) % (098'£8/=N) TLE=U (%S6 1D) %

Aejap yum (¥10°0££'€=N) 900L=U Aejap yum (9r1's8T's=N) €651 =U

anjeA-d Lzoz ‘ad3 Aefap noyum anjeA-d 810z ‘13 Aejap 1noyum

(panunuod) za|qer

@ Discover



Research

| https://doi.org/10.1186/512982-025-00553-2

(2025) 22:155

Discover Public Health

(8T'19-¥6'£T) €6°EY (90'TL-TL'8€) L09S (0£°€9-¥6'7€) 9T 6V (90°'59-0€°9€) ¥£°0S s34
100'0> (LL°0T-ST'S1) S8'LL (SL¥8-€T'6L)SL'T8 100°0> (0S'12-89°€L) vT'LL (7€'98-058£) 9478 oN
S913|NDLYIP [BUOIIDUNY DIDASS
(18'£2-20¥1) ¥0°0T (86'58-617L) 96'6L (6’ Ev-TL¥l) Tv'oT (88'58-90°95) 85°€L 34
189°0 (¢l lz-Ts'sl) Tl (8¥'¥8-87'8L) 85'L8 €620 (L'€g-£1'S1) T8'8L (€8'¥8-6'9/) 8118 ON
(%S6 1D) % (%56 1D) %
(¥T£'958=N) 0ZZ=U (%56 1D) % (098'£8/=N) ZLE=U (%S6 1D) %
Kejap yum (¥10°0££'€=N) 900L=U Kejap yum (9r1'S8T'E=N) €6€L=U
anjeA-d Lzoz ‘ad3 Aefap noyum anjeA-d 810z ‘13 Aejap 1noyum

(panunuod) za|qer

@ Discover



Discover Public Health (2025) 22:155

[ https://doi.org/10.1186/512982-025-00553-2

Research

SES: High (Ref. Low)

Access to three or more children's books

Domestic violence -

Severe functional difficulties

Fig. 1 Factors associated with ECD delay in Mexico (2018)
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Fig.2 Factors associated with ECD delay in Mexico (2021)
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at home, exposed to domestic violence, Inadecuate care, and severe functional difficulties.
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4 Discussion

In this study, we assessed factors asssociated to delayed ECD in Mexico before and after pandemic. The most
important findings of this manuscript can be summarized as follows: (1) Overall, factors associated to delayed ECD
in Mexico changed after COVID-19 pandemic, (2) an increase in support for learning within the family after pandemic,
and (3) impact of socioeconomic differences on ECD seems to be reduced after pandemic.

Previous research showed the negative impact of extreme events on educational outcomes of young children [12].
Recent studies analyzed the impact of pandemic on ECD [24]. Pandemics lead to a heavy burden on the development
of young children [25, 26]. We found a combination of changes in the factors associated with inadequate ECD in
Mexico after pandemic. A study in Japan showed that children exposed to the pandemic were behind in ECD at age
5 years compared with those not exposed to the pandemic [27]. Responses to the COVID-19 pandemic varied widely
across countries. These variations, as well as differences in socio-economic and educational contexts, could explain
the different findings of the analyses carried out in different countries.

With regards to our findings, an important part of them can be explained as short-term consequences of lockdown-
related measures due to COVID-19. Firstly, a decreased in early education attendance was detected. However,
during the pandemic, it was a protective factor for the adequate development of girls and boys. In August 2021, the
reopening of schools was announced in Mexico, starting with the regions with the lowest risk of spreading COVID-
19 infection, coinciding on the date the survey was conducted. Previously, classes were held virtually, and children
and parents had to use digital tools. Several studies have reported that parents had to provide support to their
children, which had a positive effect on family-child relationships during the pandemic [28-30]. Thus, our findings
are consistent with other studies showing the importance of parental support during the pandemic.

Secondly, studies of previous economic crises shown the impact on life-long negative effects of exposure to
poverty early in life [31, 32]. However, our study showed a shift in the pattern of the socioeconomic factor after
the pandemic. These findings can be explained partially due to the lockdown measures that affected all families
independently of their economic status. Differences across different economic, social and political contexts could
also explain this results. Finally, our analysis showed a short-term change, but it is necessary to evaluate the effect
of the pandemic and the socioeconomic variable in the medium and long term.

Violence within the family has been a controversial topic. Our results show a decrease in domestic violence after
pandemics. A previous analysis in Mexico found that domestic violence had decreased in children under 5 years of
age and had increased in those over 5 years of age [33]. The causes that explain these changes after the pandemic
are still under consideration.

Being an adolescent mother is among the main factors associated with a higher risk of ECD delay [34]. However, in
our study we found that children of adolescent mothers had a lower risk of ECD delay in 2021. This finding warrants
further exploration, as Mexico is a country where the family plays a crucial role in the lives of its members, and some
studies have shown that the attachment of grandparents is particularly significant for both adolescent mothers and
their children [35-38].

The changes detected between the different regions before and after the pandemic could also be explained by
sociodemographic and economic factors, which may vary significantly across regions. Socioeconomic disparities
between regions could have exacerbated or mitigated the effects of the pandemic on early childhood development.
Recent studies focused on the impact of the pandemic on childhood development have demonstrated regional
differences in Mexico, with some areas showing more severe effects due to pre-existing vulnerabilities, while others
may have benefitted from more robust local policies or community support systems [39]. These regional differences
highlight the importance of tailoring interventions to the specific needs and contexts of each region in order to
effectively address the long-term consequences of the pandemic.

The impact of the pandemic on ECD is far from over, and its effects likely will be felt for several years to come. Our
results provide relevant information for parents and policy makers to improve interventions to timely address severe
and persistant negative impacts to the ECD. Our findings point out to an urgent need for further global research
efforts on evaluating the impact of pandemic in ECD.

Our work is subject to a series of limitations. Firstly, this analysis is based on a cross-sectional design, so we cannot
establish causal relationships. Moreover, this study may present reverse causality, as is probably the case of children
of adolescent mothers. In any case, the analysis responds to a specific objective, it allows to assess possible changes
before and after the pandemic and to generate further research hypotheses. Secondly, further disaggregation of the
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data was not possible due to the sample size. Finally, the tool for calculating the ECD was modified. The ECD-2030
only allows population-level measurement of DIT for children aged 24-59 months. It has been assumed that this
modification does not affect the findings obtained in this study and is methodologically suitable.

5 Conclusion

In conclusion, our findings provide valuable insights into the impact of the COVID-19 pandemic on ECD in Mexico.
Notably, we observed an increase in the role of family learning support and a potential attenuation of the impact of
socioeconomic disparities on ECD. These findings highlight the importance of ongoing monitoring and evaluation of
children’s developmental outcomes and the need for flexible and responsive interventions to support their well-being.
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