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Abstract

One of the most critical time periods in childhood is from birth to five years 
of age. Children exposed to alcohol and/or tobacco via family members and 
neighborhood are at risk for childhood developmental delays. This study 
evaluated the association of early childhood development with the prevalence 
of alcohol consumption and tobacco use in Mexican municipalities. This is 
a cross-sectional study. Early childhood development information from 2,345 
children aged from 36 to 59 months was obtained from the 2015 Mexican 
National Survey of Boys, Girls, and Women (ENIM). Data on alcohol 
consumption and tobacco use come from the 2016 Mexican National Sur-
vey on Drugs, Alcohol, and Tobacco Consumption (ENCODAT). Mul-
tilevel logistic models were fitted to evaluate the association of the prevalence 
of alcohol consumption and tobacco use with the inadequacy of early child-
hood development. Children living in municipalities with high prevalence of 
alcohol consumption (OR = 13.410; 95%CI: 2.986; 60.240) and tobacco use  
(OR = 15.080; 95%CI: 2.040; 111.400) were less likely to be developmentally 
on track regarding early childhood development after adjustment for indi-
vidual variables related to the child’s development and other environmental 
variables at municipal level. Childhood exposure to alcohol and tobacco in the 
neighborhood may directly contribute to inadequate early childhood develop-
ment. These findings suggest that there is an urgent need to develop effective 
interventions aimed at reducing alcohol consumption and tobacco use in mu-
nicipalities to ensure adequate early childhood development.
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Introduction

Child development is a public health priority worldwide, included as one of the United Nations 
Sustainable Development Goals 1. The period from birth to five years of age is considered the  
most important developmental phase of humans and it is a key stage to improve individual’s life tra-
jectories 2,3,4. An adequate early childhood development strongly influences well-being throughout 
life 3. It is estimated that more than 200 million children under five years of age from low- and middle-
income countries are at risk of not achieving their full developmental potential due to several lacks 
and barriers related to the environments responsible for fostering child development, such as family, 
school, and civil society in a broader context 5.

Generally, research regarding child development has focused on the proximal determinants, 
mainly describing the influence of individual, maternal, familiar, and school predictors on child’s 
growth and development. There is evidence regarding the role of maternal nutrition, breastfeeding, 
parenting skills, parent’s education, cultural practices, and intra-family relations on child develop-
ment 3,6. There is also ample evidence of associations between socioeconomic conditions of the family 
and child development 7,8,9. For instance, maternal educational attainment is strongly associated with 
better child development: children of mothers with low educational level may have a slower physical 
and emotional development when compared with children of mothers with complete high-school 
or higher education 10,11. It has been proposed that mothers and families need supportive environ-
ments to be able to provide opportunities that allow their children to fulfill their potentialities. The 
neighborhood environment has been identified as key for supporting families to overcome adversities 
that could constrain child development 3,12,13. Neighborhood residential instability in childhood can 
contribute to the development of major depressive disorder and antisocial personality disorder 14.

As in other countries, alcohol consumption and tobacco use are two of the major public health 
problems in Mexico, especially in reproductive age people. The consumption of alcohol and tobacco 
use presents repercussions on the consumer’s family and social environment, including the develop-
ment of children in early childhood 15. The family is considered the central axis in the early childhood 
development process since it is the closest and most immediate environment to the child. The influ-
ence family exerts throughout childhood can last a lifetime 16.

Several studies have analyzed the effect of alcohol consumption and tobacco use during pregnancy 
on children’s behavioral disorders 17,18. However, these studies have not considered exposure to 
alcohol and tobacco in neighborhoods as an important risk factor for children’s development. In this 
study, we explored the association between early childhood development and the prevalence of alco-
hol and tobacco use in Mexican municipalities, adjusting individual and family-level determinants. 
The main hypothesis was that children living in municipalities with higher prevalence of alcohol and 
tobacco use, along with those with higher levels of crime and marginalization, could present more 
developmental issues.

Methods

Study design, participants, and setting

This is a retrospective study with information extracted from the 2016 Mexican National Survey on 
Drugs, Alcohol, and Tobacco Consumption (ENCODAT – Encuesta Nacional de Consumo de Drogas) and 
the 2015 Mexican National Survey of Boys, Girls, and Women (ENIM – Encuesta Nacional de los Niños, 
Niñas y Mujeres). These surveys used probabilistic multistage stratified cluster sampling design 
and are representative at the national and regional levels and for urban/rural areas. Furthermore,  
ENCODAT is also representative at the state level.

ENIM 2015 was part of the fifth round of the Multiple Indicator Cluster Survey (MICS 5), and 
oversampled children under age five and rural areas to estimate indicators for children and women 19.  
Four questionnaires were applied to get information on: (a) the household, (b) women aged 15 to 49, 
(c) children and adolescents aged 5 to 17 years (answered by their mothers), and (d) children under age 
five (answered by their mothers).
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The municipality of residence of children who participated in the ENIM 2015 was linked to its 
prevalence of alcohol consumption and tobacco use, along with other secondary sources, in the same 
area through unique municipality codes. A total of 2,345 children belonging to 200 municipalities 
were selected.

Outcome variable: early childhood development

The primary source of early childhood development data was the Early Childhood Development 
Index (ECDI), which is a population-based measure developed and validated by the MICS program 
from the United Nation’s Children Fund (UNICEF) during 2006-2009. The ECDI was conducted in 
around 80 low- and middle-income countries, being considered a useful tool for identifying inad-
equate development in children aged 36-59 months.

The ECDI represents the percentage of children aged 36-59 months who were developmentally 
on track (adequate early childhood development) in at least three out of the following four domains: 
literacy-numeracy, physical development, social-emotional development, and learning. The ECDI is 
composed of 10 items, each with yes/no responses, covering all domains 20. Based on ECDI criteria, 
literacy-numeracy development is considered on track if children can do at least two of the following: 
identify 10 or more letters of the alphabet; read four or more common simple words; and/or name 
and recognize all the numbers from 1 to 10. The social-emotional development is considered on track 
if children can do at least two of the following: get along well with other children; do not get distracted 
easily, and/or do not hit, bite, or kick other children. The physical development is considered on track 
if at least one of the following is true about the children: can pick up small objects (like a stick or rock 
from the ground) with two fingers and/or does not often feel sick to play. Learning development is 
considered to be on track if children can do at least one of the following: can follow simple instruc-
tions on how to do something correctly and/or when given something to do, is able to do it indepen-
dently. Therefore, each domain was considered as a binary outcome, and children aged 36-59 months 
were considered to be developmentally on track if they met the age-expected development targets in 
at least three out of the four domains.

Exposure variables: alcohol consumption and tobacco use

The prevalence of alcohol consumption and tobacco use by municipality was estimated by imple-
menting small area estimation with ENCODAT data. Auxiliary information for small areas was 
aggregated to increase survey sampling precision. Area-level models described by Fay-Herriot were 
used 21, which is a widely used technique to obtain reliable estimates for small areas. Then, estimated 
averages from the outcomes of interest were combined with secondary data for each municipality, 
such as crime rate 22, social backwardness index 23, and population density 24.

Covariates

(i) Child-level covariates: the analysis incorporated the following information on children: sex, age 
in months, presence of any functional difficulty (seeing, hearing, walking, fine motor coordination, 
understanding, being understood, learning things, playing, and, where applicable, of controlling 
behavior), maternal age, maternal education, indigenous origin, and households’ wealth quintiles.
(ii) Municipality-level covariates: population density 24 and number of reported homicides 25, obtained 
from the Mexican Institute of Geography and Statistics (INEGI). It uses data from death certificates, 
which tends to be more precise than Mexican police records.

Statistical analysis

Individual and municipal characteristics by early childhood development status were analyzed using 
percentages and 95% confidence intervals (95%CI) for categorical variables, along with means and 
standard deviations (SD) for continuous variables. Moreover, bivariate analyses were performed 
to identify the association between individual- and municipal-level variables and early childhood 
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development. Then, to test the association between the proportion of alcohol consumption and 
early childhood development, as well as the proportion of daily tobacco smokers and early childhood 
development, multilevel multivariable logistic regression models were used with data from individu-
als nested within municipalities. A series of models were fitted: two models including each exposure 
separately, and a final model including all exposures together. Then, these models were adjusted for 
each child- or municipal-level variable with a p-value ≤ 0.20 in the bivariate analysis. The following 
multivariate regression model was used:

 (1)

 (2)

Where πij is the probability of inadequate early childhood development for child i in municipality j, Xi 
is the set of explanatory variables at the child-level (sex, age in months, functional difficulties, mater-
nal age, maternal education, household wealth quintiles, indigenous origin, and domestic violence), Zj 
is the set of explanatory variables defined for the municipalities (proportion of alcohol consumption/
proportion of daily tobacco smokers, number of homicides and population density), and uj are the 
residuals of level 2, for which it is assumed that they are independent and follow a normal distribution 
with mean 0 and a variance of .

The median odds ratio (OR) were computed to quantify the effect of area-level variance, which can 
be interpreted as the increased risk (in median) of having inadequate early childhood development if 
the child moves from the municipality at lowest risk to the municipality at highest risk 26. The median 
OR is equal to 1 when there is no variation between municipalities. However, if the median OR is 
greater than 1, then between-municipality variation is significant.

All analyses were performed in Stata, version 16.0 (https://www.stata.com). Estimates of descrip-
tive indicators account for the complex survey design and survey weights. In statistical models, wei-
ghted multilevel logistic models were estimated by child-level weights at level 1 (pweight). Statistical 
tests were two-tailed and considered significant below a 0.05 alpha.

Ethics approval and informed consent

During the data collection of the ENIM and ENCODAT, the participants consented to voluntary 
and anonymously participate by signing a consent letter. Both studies were conducted in accordance 
with the Declaration of Helsinki. All analyses in this study were performed with de-identified second-
ary data. Since it was a secondary data analysis, this study did not require the approval of a Research 
Ethics Committee.

Results

A total of 2,345 children aged 36-59 months were analyzed. The study sample has a mean age of 48.71 
months (SD: 7.08), 56.41% of the sample was female, 1.3% had functioning difficulties, and 39.6% lived 
in a poor or very poor household. At baseline, 41.61% of the mothers had complete middle school with 
a mean age of 29.63 years (SD: 6.59), and 23.27% were indigenous (Table 1).

Table 1 shows the characteristics of the children with adequate and inadequate early childhood 
development. A total of 17.78% of children presented inadequate early childhood development, with 
boys showing a higher percentage of inadequate early childhood development than girls (22.75% and 
13.33%, respectively). Overall, children and mothers in the inadequate early childhood development 
group tended to be younger than in the adequate group. A higher proportion of children with func-
tional difficulties and disabilities had inadequate early childhood development than those without 
these problems (40.22% and 17.14%, respectively). The proportion of children with inadequate early 
childhood development was significantly higher for mothers with primary education or less (21.72%) 
and lower for those with complete tertiary education (8.3%) than for those with complete secondary 
education (21.23% and 16.49%, respectively). Children who lived in the poorest households (22.22%) 
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Table 1

Individual characteristics of children with inadequate and adequate early childhood development. 

Characteristics Early childhood development [% (95%CI)] p-value Total [% (95%CI)]

Inadequate Adequate

Total [n (%)] 484 (17.44) 1,861 (82.56) 2,345 (100.00)

Functional difficulties

No 17.14 (14.07; 20.70) 82.86 (79.30; 85.93) < 0.001 98.70 (98.06; 99.13)

Yes 40.22 (26.07; 56.20) 59.78 (43.80; 73.93) 1.30 (0.87; 1.94)

Maternal education

Elementary or less 21.72 (16.9; 27.46) 78.28 (72.54; 83.10) 0.012 16.44 (13.49; 19.89)

Middle school 21.23 (17.3; 25.78) 78.71 (73.12; 83.40) 41.61 (35.29; 48.22)

High school 16.49 (13.5; 19.98) 84.78 (81.02; 87.90) 22.59 (18.64; 27.11)

Higher education 8.30 (4.14; 15.97) 91.91 (82.58; 96.46) 19.35 (10.28; 25.94)

Household wealth quintiles

Very poor 22.22 (16.84; 28.72) 77.78 (71.28; 83.16) 0.197 15.30 (12.49; 19.38)

Poor 18.41 (14.73; 22.76) 81.59 (77.24; 85.27) 24.30 (19.92; 29.30)

Middle 19.24 (11.89; 29.59) 80.76 (70.41; 88.11) 22.66 (18.30; 27.69)

Wealthy 17.61 (12.37; 24.46) 82.39 (75.54; 87.63) 19.49 (15.63; 24.03)

Very wealthy 9.48 (4.31; 19.59) 90.52 (80.41; 95.69) 17.93 (9.65; 30.88)

Sex

Boys 22.75 (19.86; 25.93) 77.25 (77.25; 77.25) 0.005 43.59 (37.18; 50.21)

Girls 13.33 (9.20; 18.93) 86.67 (81.07; 90.80) 56.41 (49.79; 62.82)

Indigenous origin 17.50 (13.71; 22.07) 82.50 (77.93; 86.29)

No 17.23 (13.70; 21.44) 82.77 (78.56; 86.30) 0.928 76.73 (71.93; 80.93)

Yes 17.50 (13.71; 22.07) 82.50 (77.93; 86.29) 23.27 (19.07; 28.07)

Area

Urban 16.92 (13.39; 21.15) 83.08 (78.85; 86.61) 0.321 81.82 (75.86; 86.57)

Rural 19.76 (15.99; 24.18) 80.24 (75.82; 84.01) 18.18 (13.43; 24.14)

Domestic violence

No 14.64 (11.27; 18.82) 85.36 (81.18; 88.73) 0.206 32.69 (27.59; 38.24)

Yes 18.79 (14.37; 24.19) 81.21 (75.81; 85.63) 67.31 (61.76; 72.41)

Maternal age (years) [mean (SD)] 28.27 (7.28) 29.93 (6.40) 0.011 29.64 (6.59)

Children age (months) [mean (SD)] 45.71 (7.85) 49.35 (6.75) < 0.001 48.71 (7.08)

95%CI: 95% confidence interval; SD: standard deviation.

and in rural areas (19.76%) had a higher prevalence of inadequate early childhood development than 
those from the wealthiest households (9.48%) and urban areas (16.92%). Finally, a higher prevalence 
of inadequate early childhood development was observed in children who were exposed to domestic 
violence than in those who did not (18.79% vs. 14.64%).

Table 2 shows the distribution of the environmental characteristics of the municipalities. Children 
with inadequate early childhood development lived in municipalities with a greater prevalence of 
alcohol consumption and a higher proportion of daily tobacco smokers than children with adequate 
early childhood development (alcohol: 51.96% vs. 50.53%; and daily smokers: 7.84% vs. 7.4%, respec-
tively). Children with inadequate early childhood development lived in municipalities with lower 
population density than those with adequate early childhood development (an average of 1,908.12 vs. 
2,789.69 inhabitants per km2). Other variables, although not statistically significant, were associated 
with early childhood development, including the marginalization index and the number of homicides.
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Table 3 shows the results of the multilevel model to estimate the association between early child-
hood development and alcohol consumption and tobacco use, adjusted by child- and municipality-
level control variables. In the Model 1, the increase in one unit of proportion of daily tobacco smok-
ers was associated with a 15.08% increase in the odds of inadequate early childhood development  
(OR = 15.080; 95%CI: 2.040; 111.400). A one figure SD increase in homicides was associated with a 
17.9% increase in the odds of inadequate early childhood development (OR = 1.179; 95%CI: 1.051; 
1.312), whereas a one-unit increase in population density was associated with 5.3% lower odds of 
having an inadequate early childhood development (OR = 0.947; 95%CI: 0.906; 0.989). In the Model 2,  
the increase in one unit of proportion of alcohol consumption was associated with an increase in 
inadequate early childhood development (OR = 13.410; 95%CI: 2.986; 60.240). A one SD increase in 
homicides was associated with a 19.6% increase in the odds of inadequate early childhood develop-
ment (OR = 1.196; 95%CI: 1.053; 1.358). Population density was positively associated with adequate 
early childhood development since a one-unit increase in population density was associated with 
5.4% lower odds of having an inadequate early childhood development (OR = 0.946; 95%CI: 0.904; 
0.991). Finally, in Model 3, the increase in one unit of proportion of alcohol consumption was associ-
ated with an increase in inadequate early childhood development (OR = 9.415; 95%CI: 1.856; 47.770). 
A one SD increase in homicides was associated with a 19.4% increase in the odds of inadequate early 
childhood development (OR = 1.194; 95%CI: 1.057; 1.350). Similar to the previous model, the popu-
lation density was also positively associated with adequate early childhood development; a one-unit 
increase in population density was associated with 5.4% lower odds of having an inadequate early 
childhood development (OR = 0.939; 95%CI: 0.897; 0.984).

In addition, in all three models, several child-level control variables were significant. Children of 
mothers with complete secondary or tertiary education showed lower odds of presenting inadequate 
early childhood development than those who mothers had primary education or less; children with 
functional difficulties and/or children exposed to domestic violence in their household had greater 
odds of presenting inadequate early childhood development; girls had a lower risk of inadequate early 
childhood development than boys; and a one-unit (one-month) increase in children’s age was associ-
ated with an 8% decrease in the odds of inadequate early childhood development. In Models 2 and 3, 
children living in poor households had lower odds of inadequate early childhood development than 
those in very poor households.

Table 3 also show the values of the median OR both from the null model and from the adjusted 
models for child- and municipality-level variables. In the null model, the median OR was equal to 
2.082 (95%CI: 1.598; 2.567), i.e., in the median case, the residual heterogeneity between municipalities 
increased by 2.082 times. In the adjusted models, the median OR decreased (ORModel 1 = 1.829; 95%CI: 
1.488; 2.170; ORModel 2 = 1.877; 95%CI: 1.521; 2.233; and ORModel 3 = 1.820; 95%CI: 1.482; 2.159). 
Overall, the models fit indices indicated that the model fits the data well (p < 0.001).

Table 2

Characteristics for the municipalities of children with inadequate and adequate early childhood development.

Early childhood development [mean (SD)] p-value Total [mean (SD)]

Inadequate Adequate

Alcohol consumption (%) 51.96 (10.35) 50.53 (8.89) 0.158 50.77 (9.16)

Daily tobacco smokers (%) 7.84 (7.04) 7.40 (6.07) 0.454 7.48 (6.24)

Marginalization index -1.19 (0.69) -1.22 (0.68) 0.582 -1.22 (0.68)

Number of homicides 122.4 (190.44) 105.17 (148.28) 0.165 108.17 (155.79)

Population density by municipality (inhabitants per km2) 1,908.12 (3,847.94) 2,789.69 (4,444.87) 0.007 2,635.98 (4,389.02)

SD: standard deviation.
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Table 3

Adjusted associations between overall inadequate early childhood development and alcohol and tobacco consumption.

Predictor Model 1 * Model 2 * Model 3 *

OR 95%CI OR 95%CI OR 95%CI

Proportion of daily tobacco smokers 15.080 ** 2.040; 111.400 5.527 0.476; 64.220

Proportion of alcohol consumption 13.410 ** 2.986; 60.240 9.415 ** 1.856; 47.770

Number of homicides *** 1.179 ** 1.051; 1.323 1.196 ** 1.053; 1.358 1.194 ** 1.057; 1.350

Population density by municipality # 0.947 ** 0.906; 0.989 0.946 ** 0.904; 0.991 0.939 ** 0.897; 0.984

Functional difficulties

No 1.000 
(Reference)

1.000 
(Reference)

1.000 
(Reference)

Yes 1.013 ** 1.005; 1.020 1.012 ** 1.004; 1.020 1.012 ** 1.004; 1.020

Maternal education

Elementary or less 1.000 
(Reference)

1.000 
(Reference)

1.000 
(Reference)

Middle school 1.002 0.648; 1.550 1.002 0.650; 1.546 0.995 0.645; 1.534

High school 0.628 ** 0.397; 0.992 0.617 ** 0.390; 0.975 0.620 ** 0.392; 0.981

Higher education 0.443 ** 0.223; 0.880 0.430 ** 0.217; 0.854 0.434 ** 0.219; 0.861

Household wealth quintiles

Very poor 1.000 
(Reference)

1.000 
(Reference)

1.000 
(Reference)

Poor 0.647 0.412; 1.015 0.614 ** 0.390; 0.967 0.612 ** 0.390; 0.962

Middle 0.654 0.385; 1.112 0.613 0.364; 1.032 0.611 0.364; 1.026

Wealthy 0.810 0.432; 1.517 0.778 0.413; 1.465 0.766 0.408; 1.440

Very wealthy 0.696 0.359; 1.349 0.653 0.333; 1.279 0.641 0.327; 1.255

Maternal age 0.976 0.948; 1.004 0.976 0.948; 1.005 0.976 0.948; 1.005

Sex

Male 1.000 
(Reference)

1.000 
(Reference)

1.000 
(Reference)

Female 0.547 ** 0.384; 0.779 0.546 ** 0.384; 0.777 0.546 ** 0.384; 0.777

Children age 0.927 ** 0.904; 0.951 0.928 ** 0.905; 0.952 0.928 ** 0.904; 0.952

Domestic violence

No 1.000 
(Reference)

1.000 
(Reference)

1.000 
(Reference)

Yes 1.493 ** 1.030; 2.165 1.473 ** 1.017; 2.132 1.481 ** 1.023; 2.145

Median OR

Null model 2.082 1.598; 2.567 2.082 1.598; 2.567 2.082 1.598; 2.567

Adjusted model 1.829 1.488; 2.170 1.877 1.521; 2.233 1.820 1.482; 2.159

95%CI: 95% confidence interval; OR: odds ratio. 
* All models were adjusted by the set of individual variables for each child: sex, age in months, functional difficulties, maternal age, maternal education, 
household wealth quintiles, and domestic violence; 
** Significant value (p < 0.05); 
*** Re-scaled using z-scores, so that a one-unit change represents a one standard deviation change in municipal services of municipalities; 
# Per 1,000 inhabitants.
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Discussion

This study investigated the association of the prevalence of alcohol consumption or tobacco use in 
Mexican municipalities with early childhood development for children under five years. Our find-
ings revealed greater risks of inadequate early childhood development in children living in areas with 
higher prevalence of use of these substances. We found that greater alcohol consumption or tobacco 
use in Mexican municipalities was associated with higher odds of inadequate early childhood devel-
opment. These results are consistent with a growing body of evidence suggesting that these factors are 
essential to understand developmental delays in children. Children of alcoholic parents have shown 
behavioral problems 27,28, which has been associated with increased cognitive and behavioral impair-
ment in two recent meta-analyses. Likewise, a recent study from Brazil reported that the concomitant 
use of alcohol and tobacco increased the risk of motor and cognitive delays in children 29.

We found that living in a municipality with a greater number of homicides was associated with 
greater odds of inadequate early childhood development. Some studies suggest that neighborhood 
violence is an important risk factor for child development 30,31. Finkelhor et al. 32 demonstrated that 
exposure to several types of violence could influence children’s physical, social-emotional and cogni-
tive development. Another analysis from the United States suggests that tobacco shops and off-sale 
alcohol outlets were proximal to violent crime activity, controlling for poverty, renters, resident 
mobility, and ethnic/racial heterogeneity 33.

Our results also showed that living in a municipality with a high population density was associated 
with decreased odds of inadequate early childhood development. Several studies found that children 
are healthier in urban areas that in rural areas 34. More densely populated places are more likely to 
have easier access to relevant health and education services for child survival and development. Fur-
thermore, people in urban areas tend to be richer and better educated 35,36,37. However, these results 
should be interpreted carefully, considering that population density is a proxy for access to services 
and economic opportunities.

Within the individual level, age and female sex were associated with inadequate early childhood 
development. Children evaluated in this study showed that, as they grew, they had better results in the 
development of their abilities and skills, which corresponds to the continuous process of maturation 
where the development of various cognitive, communication, motor, and social-emotional skills is 
progressively built 5. Several studies examined gender differences, with boys usually presenting lower 
scores in certain areas of development 38,39. Mother’s education and household socioeconomic status 
have shown important influence on child development. Several studies found that mothers with a 
higher level of education have more intellectual and emotional tools to care for their children 40,41.

We also found that Mexican children with functional difficulties are more likely to have inad-
equate early childhood development. Children with disabilities often face barriers that affect their 
ability to participate fully and effectively in society, such as poverty, stigma, discrimination, violence, 
and limited access to programs 41. Finally, children exposed to violent discipline had higher risk of 
inadequate early childhood development. Black et al. 5 found that prolonged exposure to violent dis-
cipline may generate toxic levels of stress that affect development in the first years of life.

We highlight that our study presents several limitations. The first limitation is inherent to the 
cross-sectional study design, which does not allow for establishing causal relationships. Secondly, 
the environmental factors were measured at the municipality level since our ability to geocode the 
participants in the surveys was restricted to that level. Municipalities are fairly large and heteroge-
neous areas. However, the response rates of the two surveys were high and so were the sample sizes, 
which reduces the possibility of misclassification bias. Thirdly, we lacked information on the alcohol 
and tobacco consumption of the children’s parents, and whether the children were exposed at home. 
Therefore, we had to estimate the prevalence of consumption for each municipality using ENCODAT 
data with small area estimation methodology since the survey is not representative at the municipal-
ity level, which is widely used by statistical agencies in various countries. Finally, social determinants 
cover a wide spectrum of attributes, including housing circumstances; interpersonal interactions 
among children and parents; sociodemographic factors; day-care and school learning; among others. 
Our analysis partially covers all these compounds due to lack of availability of some variables in our 
database. Despite these limitations, our findings are consistent with prior research and this study 
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served to identify potential associations between inadequate early childhood development and alco-
hol consumption and tobacco use, as well as other contextual factors. Future work based on longitu-
dinal studies should try to confirm these associations with inadequate early childhood development.

Conclusion

We found that children who lived in municipalities with higher exposure to alcohol consumption and 
tobacco use were more likely to have inadequate early childhood development in Mexico. Consider-
ing that some characteristics at municipality-level are notably modifiable by public health policies, all 
efforts should be taken to develop policies aimed at reducing alcohol consumption and tobacco use 
in municipalities to ensure adequate early childhood development, as well as reducing the number 
of homicides and emphasizing the importance of targeting these issues with effective interventions 
within neighborhoods.

Contributors

F.-J. Prado-Galbarro contributed with the study 
conception and design, data analysis and interpreta-
tion, and writing; and approved the final version. C. 
Sanchez-Piedra contributed with the study concep-
tion and design, and critical review; and approved 
the final version. J.-M. Martínez-Núñez contribu-
ted with the study conception and design, and criti-
cal review; and approved the final version.

Additional information

ORCID: Francisco-Javier Prado-Galbarro (0000-
0002-1474-5228); Carlos Sanchez-Piedra (0000-
0001-5420-7347); Juan-Manuel Martínez-Núñez 
(0000-0001-6316-5054).

References

1. United Nations. Sustainable Development 
Goals. https://sustainabledevelopment.un. 
org/?menu=1300 (accessed on 17/Nov/2021).

2. Behrman R, Kliegman K. Nelson, compendio 
de pediatria. 4th Ed. Madrid: McGraw-Hill In-
teramericana de España; 2022.

3. Siddiqi A, Irwin LG, Hertzman C. Total en-
vironment assessment model for early child 
development: evidence report for the World 
Health Organization’s Commission on the 
social determinants of health. Vancouver: Hu-
man Early Learning Partnership; 2007.

4. Souza JM, Veríssimo MLÓR. Child develop-
ment: analysis of a new concept. Rev Lationam 
Enferm 2015; 23:1097-104.

5. Black MM, Walker SP, Fernald LCH, Ander-
sen CT, DiGirolamo AM, Lu C, et al. Early 
childhood development coming of age: science 
through the life course. Lancet 2017; 389:77-90.

6. The Organisation for Economic Co-Operation 
and Development. OECD Family Database. 
https://www.oecd.org/els/family/database.
htm (accessed on 17/Nov/2021).

7. Shah PE, Hirsh-Pasek K, Spinelli M, Ozor J, 
Weeks HM, McCaffery H, et al. Ecological 
contexts associated with early childhood curi-
osity: neighborhood safety, home and parent-
ing quality, and socioeconomic status. Front 
Psychol 2023; 14:986221.

8. Rakesh D, Whittle S. Socioeconomic status 
and the developing brain – a systematic review 
of neuroimaging findings in youth. Neurosci 
Biobehav Rev 2021; 130:379-407.



Prado-Galbarro F-J et al.10

Cad. Saúde Pública 2023; 39(12):e00112422

9. Peverill M, Dirks MA, Narvaja T, Herts KL, 
Comer JS, McLaughlin KA. Socioeconomic 
status and child psychopathology in the Uni-
ted States: a meta-analysis of population-based 
studies. Clin Psychol Rev 2021; 83:101933.

10. Reilly S, Wake M, Ukoumunne OC, Bavin E, 
Prior M, Cini E, et al. Predicting language ou-
tcomes at 4 years of age: findings from early 
language in Victoria Study. Pediatrics 2010; 
126:e1530-7.

11. Gascon M, Vrijheid M, Nieuwenhuijsen MJ. 
The built environment and child health: an 
overview of current evidence. Curr Environ 
Health Rep 2016; 3:250-7.

12. Prado-Galbarro FJ, Pérez-Ferrer C, Ortigoza 
A, López-Olmedo NP, Braverman-Bronstein 
A, Rojas-Martínez R, et al. Early childhood de-
velopment and urban environment in Mexico. 
PLoS One 2021; 16:e0259946.

13. Prado-Galbarro FJ, Cruz-Cruz C, Villatoro-
-Velázquez JA, Martínez-Núñez JM. Influence 
of prevalence of psychoactive substance use 
in Mexican municipalities on early childhood 
development. Int J Environ Res Public Health 
2021; 18:10027.

14. Buu A, DiPiazza C, Wang J, Puttler LI, Fitz-
gerald HE, Zucker RA. Parent, family, and 
neighborhood effects on the development of 
child substance use and other psychopatholo-
gy from preschool to the start of adulthood. J 
Stud Alcohol Drugs 2009; 70:489-98.

15. Zabel RK, Bauer AM. Drug and alcohol ex-
posed children: implications for special edu-
cation for students identified as behaviorally 
disordered. Behav Disord 1991; 17:72-9.

16. Fondo de las Naciones Unidas para la Infancia. 
Estado mundial de la infancia 2016: uma opor-
tunidade para cada niño. New York: Fondo de 
las Naciones Unidas para la Infancia; 2016.

17. Kuppens S, Moore SC, Gross V, Lowthian E, 
Siddaway AP. The enduring effects of parental 
alcohol, tobacco, and drug use on child well-
-being: a multilevel meta-analysis. Dev Psy-
chopathol 2020; 32:765-78.

18. Guille C, Aujla R. Developmental consequen-
ces of prenatal substance use in children and 
adolescents. J Child Adolesc Psychopharmacol 
2019; 29:479-86.

19. Castro F, Rojas R, Villalobos A, Allen B, Hubert 
C, Romero M, et al. Methodological bases and 
implementation results of Mexico’s National 
Survey of Children and Women 2015. Salud 
Pública Méx 2016; 58:676-84.

20. United Nations Children’s Fund. The formati-
ve years: UNICEF’s work on measuring early 
childhood development. New York: United 
Nations Children’s Fund; 2014.

21. Morris P, Sarndal C-E, Swensson B, Wretman 
J. Model assisted survey sampling. The Mathe-
matical Gazette 1993; 77:284.

22. Secretariado Ejecutivo del Sistema Nacional 
de Seguridad Pública. Datos abiertos de inci-
dencia delictiva. https://www.gob.mx/sesnsp/
acciones-y-programas/datos-abiertos-de-inci 
dencia-delictiva (accessed on 08/Dec/2021).

23. Consejo Nacional de Evaluación de la Política 
de Desarrollo Social. Medición de la pobreza. 
Índice de Rezago Social 2015 a nivel nacional, 
estatal y municipal. http://www.coneval.org.
mx/Medicion/irs/paginas/indice_rezago_so 
cial_2015.aspx (accessed on 08/Dec/2021).

24. Instituto Nacional de Estadística y Geografía. 
México en cifras. http://cuentame.inegi.org.
mx/poblacion/asistencia.aspx?tema=P (acces-
sed on 08/Dec/2021).

25. Instituto Nacional de Estadística y Geografía. 
Defunciones en México. https://www.inegi.
org.mx/programas/mortalidad/#Microdatos 
(accessed on 08/Dec/2021).

26. Merlo J, Chaix B, Ohlsson H, Beckman A, Joh-
nell K, Hjerpe P, et al. A brief conceptual tuto-
rial of multilevel analysis in social epidemiolo-
gy: using measures of clustering in multilevel 
logistic regression to investigate contextual 
phenomena. J Epidemiol Community Health 
2006; 60:290-7.

27. Flak AL, Su S, Bertrand J, Denny CH, Kesmo-
del US, Cogswell ME. The association of mild, 
moderate, and binge prenatal alcohol use and 
child neuropsychological outcomes: a meta-a-
nalysis. Am J Epidemiol 2014; 38:214-26.

28. Price A, Cook PA, Norgate S, Mukherjee R. 
Prenatal alcohol exposure and traumatic chil-
dhood experiences: a systematic review. Neu-
rosci Biobehav Rev 2017; 80:89-98.

29. Negrão MEA, Rocha PRH, Saraiva MCP, Bar-
bieri MA, Simões VMF, Batista RFL, et al. 
Association between tobacco and/or alcohol 
consumption during pregnancy and infant de-
velopment: Brisa cohort. Braz J Med Biol Res 
2020; 54:e10252.

30. Leventhal T, Dupéré V. Neighborhood effec-
ts on children’s development in experimental 
and nonexperimental research. Annu Rev Dev 
Psychol 2019; 1:149-76.

31. Wang X, Maguire-Jack K. Family and environ-
mental influences on child behavioral health: 
the role of neighborhood disorder and adver-
se childhood experiences. J Dev Behav Pediatr 
2018; 39:28-36.

32. Finkelhor D, Turner H, Shattuck A, Hamby 
S, Kracke K. Children’s exposure to violence, 
crime, and abuse: an update. National survey 
of children’s exposure to violence. Juvenile 
Justice Bulletin 2015. https://ojjdp.ojp.gov/si 
tes/g/files/xyckuh176/files/pubs/248547.pdf 
(accessed on 12/Dec/2021).

33. Subica AM, Douglas JA, Kepple NJ, Villanue-
va S, Grills CT. The geography of crime and 
violence surrounding tobacco shops, medical 
marijuana dispensaries, and off-sale alcohol 
outlets in a large, urban low-income commu-
nity of color. Prev Med 2018; 8-16.

34. Lu C, Cuartas J, Fink G, McCoy D, Liu K, Li Z, 
et al. Inequalities in early childhood care and 
development in low/middle-income countries: 
2010-2018. BMJ Glob Health 2020; 5:e002314.



ALCOHOL AND TOBACCO USE AND EARLY CHILDHOOD DEVELOPMENT 11

Cad. Saúde Pública 2023; 39(12):e00112422

35. Wei WS, McCoy DC, Busby AK, Hanno EC, 
Sabol TJ. Beyond neighborhood socioecono-
mic status: exploring the role of neighborhood 
resources for preschool classroom quality and 
early childhood development. Am J Commu-
nity Psychol 2018; 67:470-85.

36. Cha S, Jin Y. Have inequalities in all-cause and 
cause-specific child mortality between coun-
tries declined across the world? Int J Equity 
Health 2019; 19:1.

37. Eozenou PHV, Neelsen S, Lindelow M. Child 
health outcome inequalities in low and middle 
income countries. Health Syst Reform 2021; 
7:e1934955.

38. Weber A, Darmstadt GL, Rao N. Gender dispa-
rities in child development in the east Asia-Pa-
cific region: a cross-sectional, population-ba-
sed, multicountry observational study. Lancet 
Child Adolesc Health 2017; 1:213-24.

39. Donald KA, Wedderburn CJ, Barnett W, Nha-
pi RT, Rehman AM, Stadler JAM, et al. Risk 
and protective factors for child development: 
an observational South African birth cohort. 
PLoS Med 2019; 16:e1002920.

40. World Health Organization; United Nations 
Children’s Fund. Early childhood development 
and disability: a discussion paper. https://iris.
who.int/handle/10665/75355 (accessed on 
16/Dec/2021).

41. de Castro F, Hubert C, Strand E, Prado E, Bra-
verman A. Severe functional difficulties and 
disabilities in children and adolescents and the 
Sustainable Development Goals. Salud Pública 
Méx 2017; 59:354-60.



Prado-Galbarro F-J et al.12

Cad. Saúde Pública 2023; 39(12):e00112422

Resumen

El grupo de edad que se extiende desde el naci-
miento hasta los 5 años es uno de los periodos más 
críticos en la infancia. Niños expuestos al alcohol 
y/o al tabaco a través de la familia y vecinos co-
rren el riesgo de sufrir un retraso en el desarrollo 
infantil. Este estudio evaluó la asociación del de-
sarrollo durante la primera infancia con la preva-
lencia del consumo de alcohol y tabaco en munici-
pios mexicanos. Se trata de un estudio transversal. 
Las informaciones sobre el desarrollo durante la 
primera infancia de 2.345 niños de 36 a 59 me-
ses se obtuvieron a través de la Encuesta Nacio-
nal de los Niños, Niñas y Mujeres en Méxi-
co (ENIM) de 2015. Los datos sobre el consumo 
de alcohol y tabaco son de la Encuesta Nacional 
de Consumo de Drogas, Alcohol y Tabaco en 
México (ENCODAT) de 2016. Se ajustaron los 
modelos logísticos multiniveles para evaluar la 
asociación de la prevalencia de consumo de alco-
hol y tabaquismo con desarrollo durante la pri-
mera infancia inadecuado. Los niños que viven 
en municipios que tienen una alta prevalencia de 
consumo de alcohol (OR = 13,410; IC95%: 2,986; 
60,240) y tabaquismo (OR = 15,080; IC95%: 
2,040; 111,400) se asociaron con la probabilidad 
más alta de tener un desarrollo durante la primera 
infancia inadecuado tras el ajuste de las variables 
individuales relacionadas al desarrollo del niño y 
a otras variables ambientales en nivel municipal. 
La exposición infantil al alcohol y al tabaco en la 
vecindad puede contribuir directamente a un de-
sarrollo durante la primera infancia inadecuado. 
Estos hallazgos indican una necesidad urgente de 
desarrollar intervenciones eficaces destinadas a 
reducir el consumo de alcohol y tabaquismo en los 
municipios para asegurar un desarrollo durante la 
primera infancia adecuado.

Desarrollo Infantil; Protección a la Infancia; 
Consumo de Bebidas Alcohólicas; Uso de Tabaco; 
Vecindarios

Resumo

A faixa etária que se estende do nascimento aos 5 
anos de idade é um dos períodos mais críticos na 
infância. Crianças expostas ao álcool e/ou tabaco 
por meio de familiares e vizinhos estão em risco 
de atraso no desenvolvimento infantil. Este estudo 
avaliou a associação do desenvolvimento durante 
a primeira infância com a prevalência do consumo 
de álcool e tabaco em municípios mexicanos. Tra-
ta-se de um estudo transversal. As informações so-
bre o desenvolvimento durante a primeira infân-
cia de 2.345 crianças de 36 a 59 meses foram ob-
tidas pela Pesquisa Nacional Sobre Crianças e 
Mulheres no México (ENIM) de 2015. Os dados 
sobre consumo de álcool e tabaco são da Pesquisa 
Nacional sobre Consumo de Drogas, Álcool e 
Tabaco no México (ENCODAT) de 2016. Mo-
delos logísticos multiníveis foram ajustados para 
avaliar a associação da prevalência de consumo 
de álcool e tabagismo com desenvolvimento du-
rante a primeira infância inadequado. Crianças 
que vivem em municípios com alta prevalência de 
consumo de álcool (OR = 13,410; IC95%: 2,986; 
60,240) e tabagismo (OR = 15,080; IC95%: 2,040; 
111,400) foram associadas à maior probabilida-
de de ter um desenvolvimento durante a primei-
ra infância inadequado após ajuste às variáveis 
individuais relacionadas ao desenvolvimento da 
criança e a outras variáveis ambientais em nível 
municipal. A exposição infantil ao álcool e tabaco 
na vizinhança pode contribuir diretamente para 
o desenvolvimento durante a primeira infância 
inadequado. Estas descobertas demonstram uma 
necessidade urgente de desenvolver intervenções 
eficazes destinadas a reduzir o consumo de álcool 
e tabagismo nos municípios para garantir um de-
senvolvimento durante a primeira infância ade-
quado.
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Consumo de Bebidas Alcoólicas; Uso de Tabaco; 
Vizinhança
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