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Abstract. Care practices and risk factors for diarrhea among impoverished communities across Mesoamerica are
unknown. Using Salud Mesoamérica Initiative baseline data, collected 2011–2013, we assessed the prevalence of diarrhea,
adherence to evidence-based treatment guidelines, and potential diarrhea correlates in poor and indigenous communities
across Mesoamerica. This study surveyed 14,500 children under 5 years of age in poor areas of El Salvador, Guatemala,
Mexico (Chiapas State), Nicaragua, and Panama. We compared diarrhea prevalence and treatment modalities using
χ2 tests and used multivariable Poisson regression models to calculate adjusted risk ratios (aRRs) and 95% confi-
dence intervals (CIs) for potential correlates of diarrhea. The 2-week point prevalence of diarrhea was 13% overall,
with significant differences between countries (P < 0.05). Approximately one-third of diarrheal children were given
oral rehydration solution and less than 3% were given zinc. Approximately 18% were given much less to drink than
usual or nothing to drink at all. Antimotility medication was given to 17% of diarrheal children, while antibiotics
were inappropriately given to 36%. In a multivariable regression model, compared with children 0–5 months, those
6–23 months had a 49% increased risk for diarrhea (aRR = 1.49, 95% CI = 1.15, 1.95). Our results call for programs to
examine and remedy low adherence to evidence-based treatment guidelines.

INTRODUCTION

In Central America, the burden of diarrheal disease among
children under 5 years of age decreased by more than 80%
between 1990 and 2010.1 Despite this success, the regional
burden of diarrhea remains substantial. It is estimated that,
in 2010, diarrhea caused 3,322 disability-adjusted life years
and 29.7 deaths per 100,000 among children under 5 years
of age in the region.1,2 Socioeconomic inequalities can lead
to disparities in access to affordable health care, basic water
and sanitation infrastructure, and maternal education, all of
which may impact the health status of children.3 With a high
level of socioeconomic inequality, indicated by a regional
mean Gini coefficient of 49 in 2010,4 it should be no surprise
that poor and indigenous communities in Mesoamerica bear a
disproportionate health burden.5

Most diarrheal deaths are due to dehydration,6,7 and more
than 90% of them can be prevented with use of oral rehy-
dration solution (ORS).8 However, despite the overwhelming
evidence of its life-saving ability,9 use of ORS has plateaued
globally.6 Similarly, despite consistent evidence that it reduces
stool frequency, diarrhea duration, and diarrhea recurrence,10–12

zinc supplementation during and after diarrhea episodes is
thought to be rare.
The World Health Organization and the United Nations

Children’s Fund (UNICEF) created evidence-based recom-
mendations regarding diarrhea treatment.7 Chief among them
was the recommendation to give low-osmolarity ORS to pre-
vent and treat dehydration in diarrheal patients and to give
zinc supplements for 10–14 days to all children with diarrhea.
The manual also recommended the continued feeding of chil-
dren during and after illness. Equally important, the manual
proscribed the use of antimotility medications in children and

recommended against the routine use of antibiotics, except
in cases of bloody diarrhea or severe dehydration caused by
suspected cholera.
Our objective was to estimate the 2-week point preva-

lence of diarrhea among children under 5 years of age using
population-based household survey data for the poorest
quintile of families living in Guatemala, Mexico (Chiapas),
Nicaragua, Panama, and El Salvador. We also sought to com-
pare actual diarrhea treatment modalities with evidence-based
guidelines and to identify diarrheal risk factors.

MATERIALS AND METHODS

Data source. We analyzed baseline measurement data from
the Salud Mesoamérica Initiative (SMI), a result-based financ-
ing program that seeks to improve maternal and child health
among the poorest quintile of persons living in Belize, Costa
Rica, El Salvador, Guatemala, Honduras, Mexico (Chiapas
State), Nicaragua, and Panama. The baseline survey meth-
odology has previously been described in detail.13 In brief,
within each country, the poorest fifth of municipalities were
identified based on aggregate level measures. The excep-
tion was Mexico where the survey was limited to what is
widely known to be the poorest state, Chiapas. Localities were
selected from among all SMI municipalities, with probability
proportional to size. Localities served as the primary sampling
unit, with each consisting of approximately 150 households.
On the basis of the results of our census, within each locality,
SMI randomly selected 30 households with women 15–49 years
of age or children under 5 years of age to complete detailed
surveys. In addition, a sample of public health facilities in
selected municipalities was surveyed. Field staff used DatStat
Illume (DatStat, Seattle, WA) to conduct computer-assisted
personal interviews. Surveys were conducted in Spanish or
local indigenous languages, as appropriate.
The study received institutional review board approval

from the University of Washington, partnering data collection
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agencies, and the Ministry of Health in each country. Written
informed consent was obtained from all participants or their
caretakers or guardians when applicable.
Study population. Survey data regarding diarrhea were

available for five countries: Guatemala (April 2013 to August
2013), Mexico (Chiapas State) (July 2012 to May 2013),
Nicaragua (March 2013 to August 2013), Panama (April
2013 to August 2013), and El Salvador (March 2011 to July
2011). Analyses were limited to households with children
under 5 years of age. Relevant data were not available for
Costa Rica and Belize.
Diarrhea assessment. As part of the household survey,

mothers were asked, “In the last 2 weeks, has your child had
diarrhea? If so, was there blood in the stool?” Following
Demographic and Health Survey (DHS) and UNICEF Mul-
tiple Indicator Cluster Survey conventions, the local term
for diarrhea was used and no clinical definition was provided
to the caregiver.14 Children of caregivers who responded
“yes, diarrhea with blood” or “yes, diarrhea without blood”
were considered to have had diarrhea. Children of those
responding “yes, diarrhea with blood” were considered to
have had bloody diarrhea.
Data analysis. Characteristics of children and their mothers

were compared across the five countries using χ2 tests. Socio-
demographic factors included the child’s age in months, sex,
and firstborn status. Maternal factors included indigenous
ethnicity (Guatemala, Mexico, and Nicaragua only), age in
years, highest level of education attained, literacy, marital sta-
tus, and whether she was a housewife. Mothers in households
where an indigenous language was spoken, whether it was
their primary language, were considered indigenous. Literacy
was defined as the ability to read the sentence, “La salud del
niño es muy importante para su desarrollo en la vida,” or its
equivalent in an indigenous language, in its entirety. Urban resi-
dence and a household asset index were also assessed. Water
and sanitation-related variables included the principal source of
household water (tap, borewell, other well or spring, and other),
water treatment (boiling, chlorination, filtration, and other), the
type of toilet used by the family (flush/pour flush, latrine/toilet
with hole, dry toilet, no toilet, and other), and whether the
toilet was shared with other homes. For children under 24
and 6 months of age, we also assessed current breast-feeding
status and exclusive breast-feeding status, respectively.
Urban residence and indigeneity were not assessed in

Panama because the sampled population was expected to
be nearly entirely indigenous and rural. Language was not
assessed in El Salvador because the entire population spoke
Spanish. The household asset index was created by giving
a point for owning specific household durable goods (e.g.,
a refrigerator or clothes washer), modes of transportation
(scooter, car, or truck), land, and livestock. The sum was
divided into quintiles, with the lower two quintiles catego-
rized as “low,” the next two categorized as “medium,” and
the remaining quintile categorized as “high.”
We used χ2 tests to compare diarrheal treatment and care-

seeking behavior across countries. Factors of interest included
whether the child was given ORS or zinc, how much the child
was given to drink or eat, and whether the child received
antimotility medication or antibiotics. Use of antibiotics was
divided into appropriate use (for bloody diarrhea) and inap-
propriate use (for non-bloody diarrhea). Regarding fluid con-
sumption, the mothers were asked, “When your child had

diarrhea, did you give the child less to drink than usual,
about the same as usual, more than usual, or nothing at
all?” If the mothers responded that it was less than usual,
the mothers were also asked, “Did you give them much less
to drink than usual or a little less than usual?” Questions
regarding food consumption followed the same pattern.
We also asked whether the mother sought medical advice

or treatment and, if so, where. In Panama, we were able to
link approximately 80% of women to their “usual” health
facilities that we surveyed. Using these linked data, we
assessed whether supply-side factors (availability of ORS,
antibiotics, and educational materials in the health facilities)
were associated with treatment modalities. Linkages were
substantially less frequent in other countries, so they were
not analyzed. In addition, we sought to determine whether
the distribution of treatment modalities was affected by
whether the mother sought medical advice or treatment.
Within each country, we used χ2 tests to compare differ-

ences in the prevalence of diarrhea by department (Guatemala,
Nicaragua, Panama, and El Salvador) or health jurisdiction
(Mexico). The proportion of children given ORS, zinc, less to
eat or drink than usual, antimotility medication, and antibiotics
were also compared across departments and jurisdictions.
Using χ2 tests, we compared the most commonly cited

reasons why mothers did not seek care for their child with
diarrhea between countries. These data were not available
for El Salvador.
Statistical analysis. We calculated combined and country-

specific risk ratios (RRs) and 95% confidence intervals (95%
CIs) for diarrhea using Poisson regression with robust vari-
ance estimates. We estimated RRs rather than odds ratios
due to the greater ease of interpreting RRs. We used Poisson
regression with robust variance estimators because result-
ing RRs were identical to those calculated by log-binomial
regression, while reducing problems of model convergence.15

Univariable risk estimates with a P value < 0.10 were con-
sidered candidates for a multivariable regression model.
Using variance inflation factors > 10 as a threshold, we found
no evidence of collinearity among candidate variables. Can-
didates were ranked in order of the strength of association
and added to the model one at a time. Retention of the newly
added variable was based on having a Wald test P value of
< 0.05. Once a candidate variable was included in the multi-
variable model, it was not removed if its P value became
≥ 0.05 after the addition of subsequent candidates. Our sole a
priori confounder was country in the combined country analy-
sis. All variables had less than 5% missing data.
Following the methods discussed in the previous para-

graph, we also calculated RRs and 95% CIs for correlates
of positive feeding practices. We defined positive feeding
practice as giving an ill child approximately the same amount
or more than the usual amount of food and drink.
We used Stata/IC 13.1 (StataCorp LP, College Station,

TX) for the analyses and to account for the complex survey
design. ArcGIS Desktop 10 (Environmental Systems Research
Institute, Redlands, CA) was used to produce subnational
maps. All P values are two-sided, and P = 0.05 was set as
our a priori threshold for statistical significance.

RESULTS

Study population. We analyzed data from a total of
14,500 children (Table 1). The median child age range was
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24–35 months overall and in every country, and the age dis-
tribution differed by country (P = 0.03). Indigenous chil-
dren comprised 80.0% of the sample in Guatemala, 70.1%
in Chiapas, and 11.0% in Nicaragua. The mean maternal age
was 27.8 years overall, with a median maternal age range of

25–34 years in all countries. The overall proportion of literate
women was 58.0% and ranged from 76.2% in El Salvador
to 37.2% in Guatemala (P < 0.01). In the pooled data, 74.3%
of households used tap water, ranging from 81.4% using tap
water in Guatemala to 44.5% in Panama. Across countries,

TABLE 1
Characteristics of children under 5 years of age and their mothers in the SMI, 2011–2013

Guatemala (N = 4,100) Mexico (N = 4,710) Nicaragua (N = 1,312) Panama (N = 913) El Salvador (N = 3,465)

P*% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Child’s age (months) 0.027
0–5 10.6 9.5–11.7 9.4 8.5–10.4 9.4 7.7–11.6 11.4 9.6–13.5 8.4 7.4–9.6
6–11 11.1 10.3–12.0 10.0 9.2–10.8 12.2 10.6–14.1 10.5 8.6–12.9 9.4 8.3–10.7
12–23 21.6 20.4–22.9 20.6 19.4–21.8 21.9 19.6–24.3 21.2 19.0–23.6 22.7 21.2–24.3
24–35 21.4 20.0–22.9 19.9 18.8–21.1 19.3 17.4–21.5 21.7 19.8–23.8 21.2 19.8–22.8
36–47 19.8 18.6–21.1 21.4 20.2–22.7 18.9 16.7–21.2 20.8 17.9–24.0 20.2 18.9–21.6
48–59 15.4 14.3–16.6 18.8 17.7–19.9 18.2 16.3–20.4 14.4 12.1–16.9 18.1 16.8–19.4

Child’s sex 0.722
Male 50.0 48.3–51.6 49.8 48.1–51.4 50.0 47.1–52.9 48.0 44.8–51.2 48.0 46.3–49.7
Female 50.0 48.4–51.7 50.2 48.6–51.9 50.0 47.1–52.9 52.0 48.8–55.2 52.0 50.3–53.7

Firstborn child 20.5 18.8–22.3 16.6 14.9–18.4 28.5 25.3–32.1 12.9 10.5–15.7 29.1 26.9–31.4 < 0.001
Indigenous ethnicity 80.0 74.2–84.8 70.1 63.4–76.1 11.0 4.6–24.1 0.0 – 0.0 – < 0.001
Mother’s age (years) 0.013
15–24 34.2 32.2–36.3 35.9 33.7–38.1 40.8 36.9–44.7 38.2 34.9–41.6 38.6 36.0–41.4
25–34 45.5 43.4–47.5 45.7 43.5–47.9 40.0 36.3–43.8 37.9 33.9–42.1 40.9 38.6–43.4
35–49 20.3 18.6–22.1 18.4 16.6–20.3 19.2 16.6–22.1 23.9 20.9–27.2 20.4 18.4–22.6

Highest level of education attained < 0.001
None 34.7 31.0–38.6 17.5 14.8–20.5 12.8 9.9–16.5 18.5 12.7–26.3 11.3 9.4–13.7
Primary 50.5 47.9–53.1 52.3 48.8–55.9 53.9 49.2–58.5 55.9 50.0–61.6 58.1 54.9–61.3
Secondary 7.8 6.3–9.6 19.4 17.4–21.6 24.1 21.0–27.6 19.2 15.3–23.9 26.4 23.4–29.6
High school or higher 7.0 5.1–9.6 10.8 8.5–13.5 9.2 6.4–13.0 6.3 4.3–9.3 4.1 3.1–5.4

Mother is literate 37.2 33.2–41.2 54.4 50.4–58.4 69.5 65.1–73.5 56.5 48.8–63.8 76.2 72.9–79.3 < 0.001
Marital status < 0.001
Single 6.6 5.5–7.8 1.5 1.1–2.1 14.7 12.1–17.8 6.8 4.7–9.6 12.8 11.1–14.8
Married 37.1 33.5–40.8 33.6 30.0–37.4 34.9 31.6–38.3 8.3 5.9–11.7 35.9 32.6–39.3
Domestic partnership 52.0 48.2–55.8 60.3 56.5–63.9 44.2 40.6–47.8 79.1 74.2–83.3 40.4 37.5–43.4
Other 4.4 3.7–5.1 4.6 3.9–5.5 6.2 4.5–8.6 5.8 4.0–8.2 10.9 9.3–12.8

Mother is a housewife 93.8 91.5–95.5 92.8 90.8–94.5 86.2 82.8–89.1 94.5 91.6–96.4 89.9 88.0–91.6 < 0.001
Urban resident 15.2 9.7–23.1 34.4 27.3–42.4 19.8 10.7–33.8 0.0 – 22.6 16.4–30.4 0.018
Household asset index < 0.001
Low 40.6 36.3–44.9 53.7 49.8–57.6 43.2 38.4–48.2 53.3 44.1–62.2 46.6 42.9–50.4
Medium 42.7 39.7–45.7 31.9 29.4–34.6 45.6 41.5–49.8 27.9 22.7–33.8 37.2 34.5–40.0
High 16.8 14.0–19.9 14.3 12.3–16.7 11.1 8.9–13.9 18.8 12.5–27.2 16.2 14.1–18.5

Principal source of household water < 0.001
Tap 81.4 77.4–84.9 78.2 72.8–82.7 64.1 55.8–71.6 44.5 30.3–59.7 75.1 69.5–80.0
Borewell 1.6 1.0–2.5 1.5 0.7–3.4 2.5 1.5–4.2 0.4 0.1–1.4 3.6 2.2–5.9
Other well or spring 12.4 9.6–15.7 12.4 9.0–16.9 26.4 20.1–33.8 6.6 2.9–14.3 16.7 12.9–21.4
Other 4.6 3.5–6.1 7.9 6.0–10.2 7.0 4.4–11.1 48.4 34.9–62.1 4.6 3.3–6.3

Treat drinking water† 92.2 90.4–93.8 80.9 77.3–84.1 20.9 17.6–24.7 43.6 36.8–50.8 31.1 28.3–34.2 < 0.001
Boil‡ 90.5 88.5–92.1 70.9 66.3–75.0 4.2 3.1–5.7 25.4 18.3–34.1 7.1 6.0–8.4 < 0.001
Chlorine‡ 3.0 2.3–3.9 5.8 4.3–7.7 16.1 13.4–19.4 18.0 12.4–25.2 19.5 17.0–22.3 < 0.001
Water filter‡ 0.6 0.3–1.0 0.3 0.2–0.7 0.4 0.2–1.0 1.7 0.7–3.9 1.1 0.6–2.1 0.036
Other‡ 0.7 0.4–1.2 9.1 7.2–11.5 1.0 0.6–1.8 3.0 1.8–5.0 2.4 1.7–3.5 < 0.001

Type of toilet used by family members < 0.001
Flush/pour flush toilet 23.4 18.9–28.7 61.8 55.0–68.1 10.5 7.4–14.8 1.0 0.4–2.5 21.9 17.8–26.8
Latrine/toilet with hole 65.4 60.5–70.0 34.8 28.9–41.3 74.0 69.6–77.9 27.7 17.7–40.5 52.8 48.1–57.4
Dry toilet 4.8 3.5–6.6 0.9 0.4–1.8 0.1 0.0–0.6 0.2 0.1–1.0 13.9 10.9–17.7
No toilet 6.2 4.4–8.8 2.5 1.3–4.6 15.1 11.9–19.0 18.7 11.5–28.9 11.3 8.6–14.8
Other 0.1 0.1–0.4 0.1 0.0–0.3 0.2 0.1–0.6 52.3 37.2–67.0 0.0

Toilet is shared with other homes§ 5.2 4.1–6.6 12.3 10.5–14.4 17.0 13.5–21.2 9.3 6.0–14.1 18.5 16.4–20.8 < 0.001
Currently breast-feeding∥ 77.2 74.7–79.6 77.8 75.2–80.1 71.8 67.7–75.5 81.4 75.0–86.5 80.8 77.8–83.4 0.003
Exclusive breast-feeding¶ 77.7 72.8–81.9 59.1 52.6–65.3 58.1 46.0–69.3 43.3 34.9–52.2 59.6 52.0–66.7 0.051
Diarrhea in the past 2 weeks? 0.004
None 84.8 82.6–86.8 88.4 87.0–89.6 84.6 81.4–87.3 89.4 85.5–92.3 85.5 84.0–86.9
Bloody diarrhea 1.4 0.9–1.9 0.8 0.5–1.1 1.0 0.6–1.6 0.8 0.4–1.8 2.0 1.5–2.6
Non-bloody diarrhea 13.8 12.1–15.8 10.9 9.7–12.2 14.5 11.9–17.4 9.8 7.0–13.5 12.5 11.2–14.0
CI = confidence interval; SMI = Salud Mesoamérica Initiative.
*Chi-square tests.
†The proportion of respondents who used any form of drinking water treatment.
‡Respondents could choose more than one method of water treatment.
§Only asked of those who had some type of toilet.
∥Current breast-feeding was only assessed for children less than 24 months of age.
¶Exclusive breast-feeding was only assessed for children less than 6 months of age.
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63.6% of households treated their drinking water, with a
high of 92.2% in Guatemala and a low of 20.9% in Nicaragua
(P < 0.01). Overall, 51.7% of women boiled drinking water,
9.0% chlorinated drinking water, and less than 1% strained or
filtered drinking water. Boiling water was the most common treat-
ment method in Guatemala, Mexico, and Panama, whereas
chlorination was the most common method in Nicaragua and
El Salvador. There were significant differences in the type of
household toilet facilities and the percentage of households
who shared their toilet with other homes (P < 0.01).
Diarrhea prevalence. The 2-week point prevalence of diar-

rhea was 13.0% overall, with 15.2% in Guatemala, 11.6%
in Mexico, 15.4% in Nicaragua, 10.6% in Panama, and 14.5%
in El Salvador (P < 0.01). Bloody diarrhea comprised between
6.5% (Nicaragua) and 13.8% (El Salvador) of diarrhea cases.
Diarrhea treatment. Across countries, 36.0% of children

with diarrhea were given ORS, ranging between 24.4%
(Panama) and 46.5% (El Salvador) (P = 0.02) (Table 2).
Zinc supplements were rare (< 3% overall) and did not
vary appreciably between countries. There was significant
variation in how much diarrheal children were given to
drink (P < 0.01) or eat (P < 0.01) across countries. Overall,
18.0% of ill children were given much less to drink than
usual or nothing at all, ranging from 13.8% in Panama to
18.4% in Mexico. The proportion of children fed nothing
was 6.3% across countries, with this proportion rising to
nearly 15% in Guatemala. Antimotility medication use was
17.1% overall, ranging from 2.0% to 20.7% in El Salvador
and Mexico, respectively. Overall, antibiotics were given to
36.1% of children, with no appreciable variation between
countries. Antibiotic use was also unrelated to whether the
child had bloody or non-bloody diarrhea. Approximately

half (51.7%) of mothers sought medical treatment or advice,
and the majority (51.8%) of those did so in public clinics.
ORS (47.9% versus 23.3%, P < 0.01) and zinc (4.5% versus

0.8%, P < 0.01) usage were higher among children whose
parents sought medical care, compared with children whose
parents did not do so. They were also more likely to have
been given antimotility medication (23.1% versus 10.7%,
P < 0.01) and antibiotics (48.8% versus 22.7%, P < 0.01).
The proportion who were given much less to drink or eat
than usual or nothing at all was unrelated to care-seeking
status (18.6% versus 17.3%, P = 0.60 and 25.0% versus
20.5%, P = 0.14, respectively).
Linked Panamanian household and facility data revealed

no association between the availability of printed materials
regarding signs and symptoms of children’s risk in the facili-
ties and use of ORS. There was also no association between
the availability of ORS in the facility on the day of the
survey and treatment with ORS. Mothers whose usual
health facilities had antibiotics on the survey day were less
likely (19.3%) to treat their children with antibiotics than
were those whose health facility did not have antibiotics in
stock (58.4%) (P = 0.01).
Subnational variation. Diarrhea prevalence differed between

the departments within Guatemala (P < 0.01) and Panama
(P = 0.02) (Figure 1). ORS use varied by department in
El Salvador (P < 0.01), and the proportion of diarrheal
children receiving less to drink than usual varied between
departments in Guatemala (P < 0.01) and Panama (P < 0.01)
(Supplemental Figures 1 and 2, respectively). The proportion
of diarrheal children receiving less food than usual varied
between departments in El Salvador and Panama (P < 0.01)
(Supplemental Figure 3). There was no significant variation

TABLE 2
Treatment and parental care-seeking behavior for diarrheal children under 5 years of age in the SMI, 2011–2013

Guatemala (N = 603) Mexico (N = 545) Nicaragua (N = 191) Panama (N = 99) El Salvador (N = 497)

P*% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Given ORS 34.6 29.9–39.6 32.2 27.5–37.4 41.6 34.5–49.1 24.4 15.8–35.8 46.5 41.5–51.6 0.017
Given zinc 1.2 0.4–3.6 2.1 0.9–4.7 3.9 2.0–7.3 0.0 5.1 3.4–7.6 0.213
How much was the child given to eat 0.002
Nothing 14.6 11.4–18.5 5.6 3.2–9.6 5.0 2.6–9.3 3.4 1.2–8.9 5.1 3.1–8.4
Much less than usual 19.3 15.9–23.4 16.6 13.1–20.7 14.6 9.1–22.7 12.2 7.7–18.8 22.9 18.2–28.4
A little less than usual 43.6 39.5–47.8 46.1 41.1–51.2 47.5 40.3–54.8 34.4 26.4–43.4 37.3 32.1–42.8
About the same 20.8 17.2–24.9 27.8 23.1–33.1 32.6 26.8–38.9 46.4 38.1–55.0 31.7 26.2–37.8
More than usual 1.6 0.9–3.0 3.9 2.5–6.1 0.4 0.0–2.6 3.7 1.2–10.9 2.9 1.5–5.5

How much was the child given to drink < 0.001
Nothing 3.9 2.4–6.1 0.8 0.2–2.4 1.7 0.5–5.5 1.0 0.1–6.8 1.4 0.6–3.3
Much less than usual 13.2 10.1–17.1 17.6 13.7–22.3 16.5 11.4–23.2 12.8 8.1–19.7 13.7 10.1–18.4
A little less than usual 39.0 34.0–44.2 34.9 30.1–40.1 46.6 39.8–53.5 29.6 21.0–39.9 16.7 12.6–21.7
About the same 24.9 20.4–30.0 29.7 24.5–35.5 31.8 26.0–38.2 48.1 39.5–56.8 38.5 33.0–44.4
More than usual 19.0 15.4–23.4 17.0 13.2–21.5 3.4 1.7–6.8 8.5 3.6–18.7 29.6 24.4–35.4

Given antimotility medication 19.7 16.2–23.7 20.7 16.3–25.9 13.1 8.6–19.3 7.0 3.3–14.4 2.0 1.0–3.9 0.002
Appropriate antibiotic use 32.7 22.5–44.9 33.2 20.4–49.1 31.9 12.1–61.5 20.4 5.5–53.1 37.2 24.8–51.6 0.928
Inappropriate antibiotic use 32.7 28.2–37.6 40.4 34.1–46.9 31.1 23.8–39.4 22.9 14.9–33.4 34.8 29.2–41.0 0.056
Sought advice or treatment 61.4 56.8–65.9 52.2 46.6–57.8 48.0 39.3–56.8 49.1 36.0–62.3 50.4 44.8–55.9 0.165
Where sought advice or treatment†
Public hospital 1.0 0.4–2.8 5.7 2.8–11.1 24.3 13.2–40.5 14.2 3.3–44.5 5.2 2.8–9.7
Public clinic 66.4 59.4–72.8 47.5 40.7–54.3 46.1 34.2–58.5 76.6 53.1–90.4 68.6 61.4–75.0
Private facility/provider 2.9 1.4–6.1 13.8 9.2–20.0 8.4 5.1–13.6 0.0 – 13.3 9.3–18.8
Pharmacy 17.3 12.5–23.4 27.3 21.8–33.7 17.8 10.5–28.6 0.0 – 4.1 2.1–7.9
Community health worker 3.6 1.7–7.4 0.7 0.1–3.0 0.9 0.1–6.1 0.0 – 1.7 0.5–5.2
Other 8.7 5.5–13.5 5.1 3.0–8.6 2.4 0.6–9.0 9.2 3.9–20.4 7.1 4.2–11.7
CI = confidence interval; ORS = oral rehydration solution; SMI = Salud Mesoamérica Initiative.
Because of survey weighting, these sample sizes do not equal Table 1’s sample size multiplied by the prevalence of diarrhea.
*Chi-square tests.
†Only asked of those who sought advice or treatment.
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within countries for levels of antimotility medication and anti-
biotic use among diarrheal children (Supplemental Figures 4
and 5, respectively).
Reasons for not seeking medical care. In Guatemala,

Mexico, and Nicaragua, the most common reason for not
seeking medical attention for pediatric diarrhea was that the
child was treated at home (range = 47.6–65.3%), followed
by the child not being sick enough to warrant medical care
(range = 13.4–42.4%), and concerns that the health center
did not have sufficient medications (range = 9.3–11.5%)
(Table 3). In Panama, the most common reason was that the
health center was too far (49.0%), followed by the child being
treated at home (43.9%), and the child not being sick enough
to warrant medical care (32.9%). The inability to find
(24.7%) and pay for (29.6%) transportation were also notable
obstacles in Panama.
Regression analyses. Compared with children < 6 months

old, those 6–23 months had a 49% (adjusted RR (aRR) = 1.49,
95% CI = 1.15, 1.95) increased risk for diarrhea, and those
36–59 months had a 31% (aRR = 0.69, 95% CI = 0.53, 0.91)
decreased risk (Table 4). Water treatment with a method
other than boiling, chlorination, or filtering was associated

with 38% increased risk (aRR = 1.38, 95% CI = 1.07, 1.76),
and male children experienced a 15% (aRR = 1.15, 95%
CI = 1.02, 1.29) increased risk. Each additional year of mater-
nal age decreased risk by 2% (aRR = 0.98, 95% CI = 0.97,
0.99) and use of “other” toilet facilities was associated with
a 58% risk reduction (aRR = 0.42, 95% CI = 0.26, 0.69).
Compared with Guatemalan children, Mexican children
had a 23% (aRR = 0.77, 95% CI = 0.64, 0.93) reduced risk
for diarrhea.
In Guatemala, having a secondary-level education, com-

pared with no education, was associated with a 43% increased
risk for reported diarrhea (aRR = 1.43, 95% CI = 1.03, 1.99),
and maternal literacy was associated with a 47% (aRR = 1.47,
95% CI = 1.18, 1.83) increased risk (Supplemental Table 1).
Obtaining water from a spring or well other than a borewell
was also associated with increased risk in Guatemala (aRR =
1.39, 95% CI = 1.11, 1.75). In Mexico, use of a dry toilet
increased risk for diarrhea nearly three-fold (aRR = 2.71, 95%
CI = 1.57, 4.70) (Supplemental Table 2). In Panama, using
a water source other than a tap, borewell, or other well
or spring was associated with an 80% increased risk
(aRR = 1.80, 95% CI = 1.10, 2.93), and filtering water

FIGURE 1. Two-week point prevalence of diarrhea among children under 5 years of age in Mesoamerica, 2011–2013. Colors represent quartiles
of diarrhea prevalence across countries. Areas in white were not sampled. *Statistically significant differences in the prevalence between departments.
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was associated with more than a doubling of risk (aRR =
2.52, 95% CI = 1.61, 3.93) (Supplemental Table 3). There
were no unique findings in the Nicaragua- or El Salvador-
specific analyses (Supplemental Tables 4 and 5, respectively).
In the sub-analysis of children under 24 months of age,

current breast-feeding was not significantly associated with
diarrheal status and risk increased with age (Supplemental
Table 6). For children under 6 months of age, exclusive
breast-feeding was not a statistically significant predictor
(RR = 0.73, 95% CI = 0.47, 1.14) (Supplemental Table 7).
Our region-wide assessment of the correlates of positive

feeding practices among children with diarrhea found that
children whose households used a borewell were three times
more likely to provide adequate food and drink to ill chil-
dren, as compared with those who used tap water (aRR =
3.06, 95% CI = 1.75, 5.36) (Supplemental Table 8). Children
whose households treated their drinking water were less
likely to receive adequate food and drink (aRR = 0.69, 95%
CI = 0.48, 0.99) and children in Panama were more likely
to receive adequate food and drink (aRR = 2.18, 95%
CI = 1.38, 3.44) compared with children in Guatemala.
Country-specific analyses of correlates of positive feeding
practices are provided in Supplemental Tables 9–13.

DISCUSSION

To our knowledge, this is the first analysis to examine diar-
rhea burden, care practices, and risk factors across multiple
countries in Mesoamerica. Approximately one in eight poor
Mesoamerican children had an episode of diarrhea in the
2 weeks before being surveyed, with significant variation
in prevalence between countries and across departments
in Guatemala and Panama. Moreover, evidence-based guide-
lines for diarrhea treatment were often not followed. Our
findings call for continued efforts to reduce diarrhea inci-

dence and to better align treatment practices with evidence-
based recommendations.
We were unable to find recent peer-reviewed estimates of

the 2-week point prevalence of diarrhea in the countries
included in our analysis. However, the 2012 Mexican Health
and Nutrition Survey estimated the prevalence to be 13.4%
in Chiapas,16 which is similar to our finding. Nevertheless, as
noted above, the burden of diarrhea among children under
5 years of age in these countries has decreased over the last
20 years.1 In addition to the benefit of ORS usage, improve-
ment may be due to regional improvements in education and
sanitation,17 diarrheal disease or cholera control programs,18

and the introduction of rotavirus vaccine, which has effec-
tively reduced rotavirus-associated diarrhea incidence and
pediatric-associated hospitalization.19,20 Although these suc-
cesses are to be applauded, our prevalence maps highlight
areas where prevention efforts should be redoubled or new
interventions undertaken.
Overall, diarrhea treatment was poorly aligned with evidence-

based recommendations. Though ORS usage has improved
over the last two decades,21 qualitative studies are needed to
understand why nearly two-thirds of children with diarrhea
were not given ORS and why many were given much less
to drink or eat than usual or nothing at all. For example,
interventions could address the common belief in parts of
Guatemala and Nicaragua that ORS is useful only for certain
types of diarrhea.22,23 Generally, interventions should seek
to increase ORS desirability as well as accessibility. Low zinc
utilization was expected since, at the time of the surveys, zinc
for management of diarrhea was not a part of the national
norms in these countries. Despite being contraindicated for
non-bloody/non-cholera diarrhea in this age group, use of
antimotility medications and antibiotics was not uncommon.
Our finding that use of these medications was significantly
and substantially higher among children whose parents sought

TABLE 3
Reasons why mothers did not seek care for their child with diarrhea in the SMI, 2011–2013

Guatemala (N = 244) Mexico (N = 252) Nicaragua (N = 98) Panama (N = 50)

P*% 95% CI % 95% CI % 95% CI % 95% CI

Treated at home 65.3 57.9–72.6 48.2 39.6–56.7 47.6 37.5–57.8 43.9 22.6–65.1 0.184
Not sick enough to need care 13.4 8.5–18.3 42.4 34.1–50.7 21.9 12.6–31.3 32.9 13.6–52.3 0.001
Health center has insufficient medications 11.4 6.4–16.5 11.5 6.4–16.5 9.3 3.2–15.5 5.0 0.0–11.1 0.675
Health center is too far 7.8 4.0–11.7 6.4 2.1–10.8 2.1 0.0–4.9 49.0 25.6–72.3 < 0.001
Could not pay for transportation 0.6 0.0–1.5 1.5 0.0–4.0 10.9 4.9–16.9 29.6 12.0–47.2 0.001
Too busy 1.7 0.0–3.7 0.9 0.0–1.9 10.4 4.4–16.3 3.1 0.0–8.8 < 0.001
Care is too expensive 7.4 4.0–10.8 3.6 0.8–6.4 1.0 0.0–3.0 14.2 3.6–24.8 0.051
Went to the health center but there were no staff 0.6 0.0–1.6 2.9 0.0–6.0 3.1 0.0–6.9 7.1 1.3–12.8 0.567
Previous poor treatment by health center staff 0.0 – 2.4 0.0–5.1 1.0 0.0–2.8 4.0 0.0–11.4 0.569
Health center staff are difficult to deal with 0.0 – 0.6 0.0–1.6 3.6 0.0–8.9 2.0 0.0–6.0 0.243
Could not find transportation 0.9 0.0–2.2 1.0 0.0–2.5 1.6 0.0–4.7 24.7 0.3–49.2 0.001
Health center is poorly equipped 1.2 0.0–2.5 0.7 0.0–1.8 2.5 0.0–5.9 0.0 – 0.374
Health center staff are not trusted 1.6 0.0–3.9 1.5 0.0–3.9 1.0 0.0–2.8 0.0 – 0.926
Health center facilities are poor 0.0 – 1.8 0.3–3.3 0.5 0.0–1.5 0.0 – 0.437
Tried, but was denied attention 0.0 – 0.7 0.0–1.7 1.0 0.0–3.0 2.0 0.0–6.0 0.766
Religious or cultural beliefs 0.4 0.0–1.0 1.1 0.0–3.4 0.0 – 0.0 – 0.525
Health center staff are ill informed 0.0 – 0.4 0.0–1.0 1.3 0.0–3.7 0.0 – 0.616
Did not want to go alone 0.6 0.0–1.7 0.4 0.0–1.1 0.0 – 0.0 – 0.714
Could not get permission to go to the doctor 0.0 – 0.3 0.0–0.9 0.0 – 0.0 – 0.836
Did not know where to go 0.0 – 0.2 0.0–0.7 0.0 0.0 0.846
Other 9.0 4.8–13.3 8.1 3.8–12.4 4.2 0.9–7.5 0.0 – 0.251
CI = confidence interval; SMI = Salud Mesoamérica Initiative.
Because of survey weighting, these sample sizes do not equal Table 2’s sample size multiplied by the proportion of mothers who did not seek advice or treatment. Data not available for

El Salvador and women could provide multiple reasons.
*Chi-square tests.
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medical care is particularly worrisome. This suggests that
health-care providers may have been unaware of the guidelines
or perhaps succumbed to parental pressure for medication.24

However, this association can also be explained by the fact that
prescriptions are legally necessary for obtaining antibiotics in
all of the surveyed countries. Though lower than the propor-
tion among those who sought medical care, children treated at
home were also given antimotility medications and antibiotics.
Follow-up studies should examine the reasons for these prac-
tices, and beliefs surrounding the use of these medications to
develop interventions to reduce their contraindicated use.
The assessment of diarrheal risk factors revealed two

unexpected findings. In Guatemala, we found that children
of literate and educated women were at greater risk for diar-
rhea. On the basis of a previous analysis of DHSs using
maternal recall for diarrhea,25 we believe this is most likely

due to underreporting of diarrhea by less educated and illiter-
ate mothers. We also found no significant association between
current or exclusive breast-feeding and risk for diarrhea.
However, both were in the direction of reduced diarrheal
risk, and it is possible that, given a larger sample size, both
would be significant.
The prevalence of diarrhea found in these poor areas under

study indicates how underserved they are. SMI is implement-
ing evidence-based interventions to improve maternal and
child health in the region, including interventions related
to diarrhea. The initiative encourages the inclusion of zinc
for management of diarrhea in national norms, and this was
incorporated in El Salvador, Guatemala, Nicaragua, and
Panama between 2013 and 2014. In Guatemala, the initia-
tive is currently strengthening child enrollment in health
services to promote use of ORS and zinc for dehydration

TABLE 4
Predictors for diarrhea among children under 5 years of age in the SMI, 2011–2013

Univariable (N = 14,500) Multivariable (N = 14,406)

RR 95% CI aRR 95% CI

Child’s age (months)
0–5 1.00 Ref 1.00 Ref
6–23 1.48 1.13–1.94** 1.49 1.15–1.95**
24–35 1.05 0.80–1.39 1.10 0.84–1.45
36–59 0.64 0.48–0.85** 0.69 0.53–0.91**

Male child 1.15 1.01–1.29* 1.15 1.02–1.29*
Firstborn child 1.49 1.25–1.77** 1.11 0.93–1.32
Mother’s age (years) 0.97 0.96–0.98** 0.98 0.97–0.99**
Highest level of education attained
None 1.00 Ref
Primary 0.97 0.80–1.17
Secondary 1.10 0.89–1.35
High school or higher 1.05 0.84–1.32

Mother is literate 1.24 1.08–1.43**
Mother is a housewife 1.04 0.81–1.34
Urban resident 1.03 0.87–1.22
Household asset index
Low 1.00 Ref
Medium 1.09 0.93–1.27
High 1.05 0.85–1.30

Source of water
Tap 1.00 Ref
Borewell 0.88 0.45–1.73
Other well or spring 1.11 0.92–1.34
Other 0.82 0.63–1.07

Water treatment
Drinking water is treated 0.96 0.80–1.16
Boil water† 0.89 0.76–1.05
Chlorinate water† 1.13 0.84–1.53
Filter water† 0.97 0.40–2.36
Other water treatment† 1.24 0.98–1.57 1.38 1.07–1.76*

Toilet type
Flush/pour flush toilet 0.90 0.76–1.07 0.96 0.82–1.12
Latrine/toilet with hole 1.00 Ref 1.00 Ref
Dry toilet 1.16 0.79–1.70 1.22 0.80–1.87
No toilet 1.07 0.82–1.39 1.02 0.79–1.31
Other 0.47 0.31–0.73** 0.42 0.26–0.69**

Toilet is shared with other homes‡ 1.17 0.93–1.48
Country
Guatemala 1.00 Ref 1.00 Ref
Mexico 0.77 0.65–0.91** 0.77 0.64–0.93**
Nicaragua 1.02 0.79–1.30 0.99 0.78–1.26
Panama 0.70 0.50–0.97* 1.01 0.70–1.46
El Salvador 0.95 0.80–1.13 0.92 0.77–1.10
aRR = adjusted relative risk; CI = confidence interval; Ref = reference; RR = relative risk; SMI = Salud Mesoamérica Initiative.
*P < 0.05; **P < 0.01.
†Participants could select more than one type of water treatment.
‡Only asked of those who had some type of toilet.
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and diarrhea. In Mexico, SMI is working to ensure that chil-
dren have access to ORS for management of diarrhea.
In Nicaragua, the initiative is helping update standards for
the use of zinc in diarrhea treatment and has invested in
community promotion and distribution of ORS and zinc for
treatment of diarrhea. In Panama, SMI is developing a
strategy for community distribution of zinc and ORS and
has been involved in improving access to, treatment of, and
consumption of safe water in 24 indigenous communities.
Finally, in El Salvador, SMI is strengthening service provi-
sion by community health teams, including the use of ORS
and zinc for treatment of diarrhea. Follow-up household
and facility-based surveys will assess the effectiveness of
these and other SMI interventions.
Our analysis must be interpreted in light of some limitations

and its strengths. We used maternal recall to assess diarrhea
occurrence and treatment, both of which are subject to
recall bias. However, our prevalence estimates are likely to
be conservative since previous studies show that recall
beyond 2–3 days results in underestimation of diarrhea
burden.25,26 We also lacked data regarding diarrhea severity
and duration, both of which could be associated with care
seeking and treatment behavior. However, additional research
and validation are needed to identify supplementary ques-
tions that could assess these factors using large-scale house-
hold surveys like SMI.14 In addition, except for in Mexico,
data were collected between March and August, which pre-
vents us from being able to adjust our prevalence estimates
for seasonality.27 However, our survey window bridged the
expected viral and bacterial diarrhea seasonal peaks,27–29

with a trough in between, so it provides a good cross-section
of prevalence. Furthermore, our ability to match households
with their usual health facilities was weak in certain coun-
tries. Follow-up SMI studies will improve household and
facility linkages. Our large sample size is a strength of this
study. Moreover, we used a standard methodology to allow
comparability within and between countries and to ensure
high quality data.
Our study revealed that, despite decades of progress, the

burden of diarrhea among poor and disenfranchised children
under 5 of years in Mesoamerica remains sizeable. In addi-
tion, treatment practices often do not follow national guide-
lines. Our findings call for accelerated efforts to reduce the
burden of diarrhea in poor areas in Mesoamerica. These
efforts should focus on community programs to increase
awareness and to ensure that health professionals are follow-
ing national guidelines in treating diarrhea.
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