
RESEARCH ARTICLE Open Access

Determinants of undernutrition among
children aged 6 to 59 months in rural
Zambézia Province, Mozambique: results of
two population-based serial cross-sectional
surveys
Elizabeth S. Rose1, Meridith Blevins1,2,3, Lazaro González-Calvo1,2, Elisée Ndatimana2, Ann F. Green1,2,
Melanie Lopez4, Omo Olupona5, Sten H. Vermund1,2,6, Troy D. Moon1,2,6* and For the Ogumaniha-SCIP Zambézia
Consortium

Abstract

Background: While many countries are transitioning from epidemics of undernutrition to overnutrition, Mozambique’s
very high 44 % prevalence of stunting in children under age 5 years is cause for serious concern.

Methods: We conducted two population-based cross-sectional surveys of ~4000 female heads of households each in
Zambézia Province, Mozambique from August-September 2010 (Baseline) and April-May 2014 (Endline) as part of the
USAID funded Strengthening Communities through Integrated Programs (SCIP) grant. Anthropometric measurements
were collected on 560 children aged 6–59 months at Baseline and 912 children at Endline and classified as: “stunted,” a
height-for-age z-score less than -2; “wasted,” weight-for-height z-score less than -2; and “underweight,” weight-for-age
z-score less than -2. Descriptive statistics and logistic regression using Stata 13.1 were used to examine factors
associated with undernutrition.

Results: Of children under age 5 years, 43 % were undernourished in 2010 and 55 % in 2014. The most common form
of undernutrition was stunting (39 % in 2010, 51 % in 2014), followed by underweight (13 % in both 2010 and 2014),
and wasting (7 % in 2010, 5 % in 2014). Child’s age was found to have a non-linear association with stunting. Vitamin A
supplementation was associated with a 31 % (p = 0.04) decreased odds of stunting. Children who were exclusively
breastfed for at least 6 months had an 80 % (p = 0.02) lower odds of wasting in 2014 and 57 % (p = 0.05) decreased
odds of being underweight in 2014. Introducing other foods after age 6 months was associated with a five-fold
increased odds of wasting in 2014 (p = 0.02); household food insecurity was associated with wasting (OR = 2.08;
p = 0.03) and underweight in 2010 (OR = 2.31; p = 0.05). Children whose mother washed her hands with a cleaning
agent had a 40 % (p = 0.05) decreased odds of being underweight. Surprisingly, per point increase in household
dietary diversity score, children had 12 % greater odds of being stunted in 2010 (p = 0.01) but 9 % decreased odds
of being underweight in 2014 (p = 0.02).
(Continued on next page)
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Conclusions: A combination of household and individual level factors was associated with undernutrition. As
such, employment of multidimensional interventions should be considered to decrease undernutrition in children
under 5 years old.
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Background
Recent increases in globalization, urbanization, and the
availability of processed foods high in sugars, sodium,
and fat have contributed to a shift in focus from under-
nutrition to overnutrition in developing countries [1–3].
Despite this shift, undernutrition continues to be a
major problem, particularly in rural Africa. Among low-
and middle-income countries (LMICs), the prevalence of
chronic malnutrition, or stunting (height-for-age z-score
less than -2) was 28 % in 2011 [4]. In the same year,
countries in sub-Saharan African reported a prevalence
of stunting of 40 % and in Mozambique in particular,
the prevalence was even higher at 44 % [5–7].
Mozambique ranks 178 out of 187 countries on the
United Nations Development Program (UNDP) 2014
Human Development Index [8] and its prevalence of
stunting is one of the highest in Africa [9]. In terms of
the total number of children who are stunted, in 2011
Mozambique ranked 16th in the world and 10th in
Africa, with an estimated 1.65 million stunted children,
[10] though the country ranks 49th in population [11].
The determinants of undernutrition, which range from
distal-level socio-economic and political factors to
proximal-level food practices, disease frequency, and
health care, have been studied in various locations
worldwide, [4, 12–16] but few studies [5, 17] include
Mozambique.
As the period for reaching the Millennium Development

Goals (MDGs) draws to a close in 2015, assessing the rea-
sons behind why goals were or were not reached can
guide future human development efforts in LMICs. Insuf-
ficient nutrition is a cross-cutting condition that both dir-
ectly and indirectly impedes progress towards MDGs one
(eradicating extreme poverty and hunger), two (achieving
universal education), and four (reducing child mortality)
[18]. In 2012, an estimated 162 million (25 %) children
under five suffered from stunting worldwide, with an add-
itional 112 million (15 %) children classified as under-
weight (weight-for-age z-score less than -2) [19].
Maternal prenatal nutrition and poor intake of micro-

nutrients, such as vitamin A, by the infant in the first
1000 days of life can cause irreversible developmental
damage and impediments in physical and cognitive
growth that last into adulthood [9, 20]. Poor nutrition
has been correlated with lower cognitive performance in
school and decreased success in the labor market as an

adult, which further perpetuates the cycle of poverty and
undernutrition [18]. Undernutrition, which includes
stunting, underweight, and wasting (weight-for-height
z-score less than -2), is the largest preventable cause
of death among children under five [20] and is dir-
ectly or indirectly attributed to 3.1 million (45 %)
deaths in this population [4]. Ninety-eight percent of
undernourished children live in developing countries
and while the prevalence of undernutrition has de-
creased across almost all world regions over the past
two decades, rates have increased in Africa, mandat-
ing a better understanding of the determinants of
undernutrition in this geographical setting [19].
Compounding the poor nutritional indices of

Mozambique described above are the salient disparities
in health care, outcomes, and budgeting allocations
among the country’s provinces. The centrally-located
Zambézia Province (Fig. 1) has the lowest per capita
budget for health and education, the lowest access to
safe water (26 % coverage, 2009), the highest sanitation
deprivation among children (73 %, 2008), the highest
poverty headcount (71 %, 2008/9), and the highest
deprivation-based child poverty rate (64 %, 2008) [9].
This province also has some of the lowest performance
indicators for health outcomes in the country, including
the highest under 5 mortality rate (206 per 1000 live
births, 10 year average 1998-2008) and among the high-
est child stunting rates (46 %, 2008) [9]. Zambézia
Province has been labeled as a development “priority
province” and as such, numerous national and inter-
national programs have been undertaken, yet undernu-
trition rates have remained relatively stable [9]. Aligning
with the World Health Organization (WHO) recom-
mendations that countries place the management of
undernutrition as a public health priority, we sought to
study the determinants of undernutrition among chil-
dren under 5 years of age, over a four-year period, so as
to inform future interventions and health practices that
aim to reduce the prevalence of undernutrition in
Zambézia Province [21].

Methods
The Ogumaniha Project was a 5-year program that
began implementation in Zambézia Province in late
2009. Ogumaniha, which means “united for a common
purpose” in the local language Echuabo, broadly aimed
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to reduce poverty and improve the health and liveli-
hoods of people living in Zambézia Province through
integrated and sustainable community-based program-
ming [22]. Households within each enumeration area
(EA) received a variety of multidimensional interven-
tions over a 5-year period. The Project was funded
under USAID’s Strengthening Communities through In-
tegrated Programming (SCIP) grant and was imple-
mented through a consortium of organizations led by
World Vision from 2009 to 2014. This study is an

extension of the monitoring and evaluation component
of the Ogumaniha Project and is an assessment of cross-
sectional survey data collected at Baseline (August and
September 2010) and Endline (April and May 2014). At
both Baseline and Endline the same questionnaire was
utilized. While we did not collect survey responses from
the same households in both surveys, we utilized the
same sampling methodology and returned to the same
EAs as in Baseline. The two-stage cluster sampling
design employed in this study made use of the

Fig. 1 Map of Mozambique with Zambézia Province (shaded) and its districts. Charlotte Buehler; May 27, 2015; Vanderbilt Institute for Global
Health; Projection: WGS 1984 Web Mercator Auxiliary Sphere. Permission has been granted by the copy-right holder for publication of this figure
in an open access journal
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Government of Mozambique’s sampling frame that was
created for all national surveys and is based on 2007
census results. Further details about the sampling meth-
odology, electronic data collection using mobile phones,
Open Data Kit, and management protocols have been
published elsewhere [22]. In brief, the Ogumaniha sur-
vey tool collects information on over 500 variables in 8
dimensions and was developed by a team of multidiscip-
linary researchers. The survey was designed to collect
information from the female head of household. Mobile
survey teams conducted interviews in 259 enumeration
areas (EA) across 14 of Zambézia’s 17 districts. EA selec-
tion was stratified by district with probability propor-
tional to size. The entire sample size is representative of
the province, while three districts were over sampled for
improved precision and decreased survey costs. Fourteen
teams with a team leader and four interviewers collected
the data. Data were collected using a mobile cell phone.
Interviewers received intensive training on the use of
mobile phones for data collection prior to survey
implementation.
In households with at least one child 0–12 months

and/or one child 13–59 months, one child was randomly
selected from each age group and weight and length
measurements were collected following the WHO rec-
ommendation for children’s nutritional anthropometry
[22]. Undernourished children were then classified by
the following anthropometric groupings using standard-
ized measurements developed by the WHO in 2006 as
reference data: stunted, a height-for-age z-score less
than -2; wasted, a weight-for-height z-score less than -2;
and underweight, a weight-for-age z-score less than -2.
Covariates were selected a priori based on an exten-

sive literature review and UNICEF’s malnutrition con-
ceptual framework [23]. Selected variables were child’s
age, breastfeeding practices, vitamin A supplementation,
household income, food insecurity, household dietary di-
versity score (HDDS), water and sanitation, and child
having diarrheal illness. These potential variables of un-
dernutrition were self-reported through a questionnaire
conducted with the female head of household. Vitamin
A supplementation was determined by reviewing the
child’s immunization card, when available. Breastfeeding
practice covariates included length of exclusive breast-
feeding and child’s age when supplemental feeding
began, both reported in months. Family income was re-
ported in meticais (1USD ≈ 36MZN in August 2010 and
1USD ≈ 31MZN in April 2014) and food insecurity was
defined as having had no food at all to eat at least once
within the month prior to survey. Household dietary
diversity was determined by summing the number of
unique food categories consumed by household mem-
bers over a 7 day recall period, as outlined by the Food
and Nutrition Technical Assistance Project (FANTA) [24].

Water and sanitation factors were determined by whether
the household used a river as a drinking water source,
which was considered an unsafe water source in this
study, and whether the female head of household washed
her hands with soap, detergent, or ashes on the day prior
to interview. Child having a diarrheal illness in the past
30 days was self-reported by the interviewee.
Descriptive statistics were calculated for continuous

variables as weighted median with interquartile range
and for categorical variables as weighted percentages,
with each observation being weighted by the inverse of
the child sampling probability. Multivariable logistic re-
gression models with robust covariance to account for
clustering in the sample design were used to estimate
risk factors for malnutrition outcomes. Covariates in-
cluded all aforementioned causes of undernutrition:
vitamin A supplementation, child age, breastfeeding
practices, household income, household dietary diversity,
household food security, water and sanitation, and child
history of diarrheal illness. Restricted cubic splines were
used to relax linearity assumptions for all continuous co-
variates (e.g., child age and household income). Where
there was little evidence of non-linearity, assessed using
likelihood-ratio tests, covariates were retained as linear
exposures in the model [25]. The significance level for
all testing was two-sided and set at 0.05. Stata 13.1 was
used for all data analyses described above [26].
The study was approved by the Inter-institutional

Bioethics Committee for Health of Zambézia Province
(CIBS-Zambézia), Mozambique and the Vanderbilt
University Institutional Review Board (IRB). Informed
verbal consent was obtained from the female head of
house before the interview and child measurements were
conducted.

Results
A total of 560 children aged 6–59 months were mea-
sured at baseline in 2010 and 912 at Endline in 2014.
Prevalence of undernutrition was 43 % in 2010 com-
pared to 55 % in 2014 (Tables 1 and 2). The most com-
mon form of undernutrition was stunting (39 % in 2010,
51 % in 2014), followed by underweight (13 % in both
2010 and 2014), and wasting (7 % in 2010, 5 % in 2014).
In 2010, no difference in age (median 36 months) was
seen between children classified as undernourished com-
pared to those not undernourished, while in 2014 the
median age was 24 months for undernourished children
compared to 18 months for those not undernourished
(p = 0.01). At both time points, 80 % of children mea-
sured came from rural communities. Likewise more than
80 % of all children were from households that reported
being of some form of Christian religion (Catholic,
Evangelical/Pentecostal, or Protestant). Additionally at
both times points, approximately 90 % reported a
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maternal education of 7 years or less (Tables 1 and 2). Me-
dian length of exclusive breastfeeding in months increased
from 4 months (IQR 3-6) in 2010 to 6 months (IQR 4-6)
in 2014 (data not shown).

In multivariable models of analysis, the characteristics
most significantly associated with being stunted in
2010 were higher household income (per 100 MZN
per month increase) and higher household dietary

Table 1 Descriptive statistics of children 6–59 months, 2010 survey, Zambézia, Mozambique

Undernourished Not undernourished

Total Stunted Wasted Underweight Total P value*

Prevalencea 43 % 39 % 7 % 13 % 57 %

Child age (months)b 36 (23–48) 24 (12–36) 24 (10–36) 36 (15–48) 36 (16–36) 0.45

Sex of child = Female 52 % 51 % 44 % 54 % 47 % 0.50

Zone = Rural 80 % 78 % 97 % 89 % 77 % 0.57

Religion (5 % missing) 0.17

Catholic 36 % 32 % 55 % 46 % 44 %

Evangelical and Pentecostal 30 % 32 % 10 % 14 % 18 %

Protestant 15 % 17 % 10 % 23 % 18 %

Muslim 4 % 4 % 14 % 7 % 5 %

Non-Christian Eastern Religions 4 % 4 % 0 % 0 % 2 %

Other Christian 5 % 5 % 4 % 5 % 4 %

Other 5 % 5 % 8 % 5 % 9 %

Years of education completed (female head of house) 0.23

0 47 % 48 % 42 % 51 % 45 %

1–7 years 50 % 48 % 58 % 42 % 46 %

8–10 years 4 % 4 % 0 % 7 % 7 %

11 or more years 0 % 0 % 0 % 0 % 2 %

Marital status (female head of house) 0.50

Married/Common Law 76 % 76 % 82 % 88 % 82 %

Divorced/Separated 3 % 2 % 4 % 5 % 4 %

Widowed 15 % 3 % 1 % 1 % 12 %

Single 5 % 16 % 9 % 6 % 3 %

Household size 0.16

2 1 % 1 % 0 % 1 % 2 %

3–5 55 % 55 % 54 % 51 % 47 %

6 or more 44 % 44 % 46 % 48 % 51 %

Family income (Meticais/month) (7 % missing) 300 (0-900) 300 (0-900) 300 (150-300) 300 (150-500) 150 (150-700) 0.06

Household Dietary Diversity Score 7 (5–10) 7 (5–10) 5 (4–9) 6 (4–9) 7 (5–10) 0.21

Exclusive breastfeeding (6 months) (9 % missing) 45 % 46 % 22 % 28 % 33 % 0.03

Introduction of other foods (≥6 months) (10 % missing) 56 % 56 % 33 % 40 % 44 % 0.05

Child received vitamin A supplement (40 % missing) 71 % 73 % 66 % 60 % 70 % 0.89

Child had diarrheal illness in last 30 days (1 % missing) 32 % 33 % 30 % 31 % 34 % 0.81

No food sometime in last 4 weeks (1 % missing) 32 % 31 % 34 % 40 % 37 % 0.52

Mother washed hands with soap on previous day (6 % missing) 70 % 71 % 51 % 53 % 73 % 0.63

Family uses safe water source (i.e. not river) 79 % 78 % 80 % 81 % 81 % 0.85

*P value refers to the Pearson Correlation coefficient between not undernourished and undernourished
aCategorical variables are reported as weighted percentages, with each observation being weighted by the inverse of the child sampling probability. Due to
rounding, some categories may not total 100 %
bContinuous variables are reported as weighted estimates of median (interquartile range), with each observation being weighted by the inverse of the child
sampling probability
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diversity score (HDDS) (Table 3). By contrast, in
2014, age was the only characteristic that had a statis-
tically significant association with stunting. Compared
to children who were 12 months old, children who

were 24 months old had a 94 % increased odds of be-
ing stunted (OR = 1.94; 95 % CI = 1.50-2.51), those
who were 36 months had a 134 % increased odds
(OR = 2.34; 95 % CI = 1.63-3.37), and children 48 months

Table 2 Descriptive statistics of children 6–59 months, 2014 survey, Zambézia, Mozambique

Undernourished Not undernourished

Total Stunted Wasted Underweight Total P value*

Prevalencea 55 % 51 % 5 % 13 % 45 %

Child age (months)b 24 (15–36) 24 (17–36) 24 (12–40) 24 (14–36) 18 (12–36) 0.01

Sex of child = Female 48 % 47 % 48 % 40 % 54 % 0.19

Zone = Rural 80 % 79 % 92 % 91 % 78 % 0.56

Religion (2 % missing) 0.01

Catholic 53 % 53 % 54 % 54 % 54 %

Evangelical and Pentecostal 17 % 17 % 10 % 18 % 19 %

Protestant 16 % 17 % 13 % 15 % 7 %

Muslim 7 % 6 % 15 % 4 % 13 %

Non-Christian Eastern Religions 0 % 0 % 0 % 0 % 0 %

Other Christian 5 % 5 % 0 % 7 % 6 %

Other 2 % 2 % 8 % 3 % 1 %

Years of education completed (female head of house) 0.53

0 32 % 32 % 32 % 37 % 32 %

1–7 years 60 % 59 % 68 % 62 % 57 %

8–10 years 4 % 4 % 0 % 0 % 7 %

11 or more years 4 % 4 % 0 % 1 % 4 %

Marital status (female head of house) 0.26

Married/Common Law 69 % 68 % 75 % 69 % 65 %

Divorced/Separated 3 % 3 % 0 % 4 % 2 %

Widowed 2 % 2 % 2 % 1 % 2 %

Single 26 % 27 % 23 % 26 % 32 %

Household size 0.21

2 1 % 1 % 2 % 0 % 3 %

3–5 61 % 60 % 78 % 66 % 63 %

6 or more 38 % 39 % 20 % 34 % 34 %

Family income (Meticais/month) (34 % missing) 300 (150–700) 300 (150–700) 300 (150–900) 300 (150–900) 150 (150–700) 0.40

Household Dietary Diversity Score 7 (5–9) 7 (5–9) 8 (6–8) 7 (5–8) 8 (5–10) 0.40

Exclusive breastfeeding (6 months) (44 % missing) 55 % 55 % 51 % 49 % 52 % 0.57

Introduction of other foods (≥6 months) (45 % missing) 62 % 61 % 71 % 60 % 59 % 0.55

Child received vitamin A supplement 36 % 34 % 47 % 34 % 40 % 0.35

Child had diarrheal illness in last 30 days (2 % missing) 23 % 22 % 31 % 24 % 21 % 0.63

No food sometime in last 4 weeks (6 % missing) 29 % 27 % 46 % 26 % 33 % 0.30

Mother washed hands with soap on previous day
(10 % missing)

72 % 71 % 82 % 68 % 74 % 0.55

Family uses safe water source (i.e. not river) 84 % 84 % 88 % 85 % 77 % 0.07

*P value refers to the Pearson Correlation coefficient between not undernourished and undernourished
aCategorical variables are reported as weighted percentages, with each observation being weighted by the inverse of the child sampling probability. Due to
rounding, some categories may not total 100 %
bContinuous variables are reported as weighted estimates of median (interquartile range), with each observation being weighted by the inverse of the child
sampling probability
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old had three-fold the odds of being stunted (OR = 3.00;
95 % CI = 2.13-4.24) (p = 0.0002). When 2010 and 2014
data were aggregated in a multivariable model of analysis,
age (non-linear association, Fig. 2) and increasing HDDS
maintained a significant association with stunting.
Additionally, vitamin A supplementation was found to
be protective against stunting, with children who received
vitamin A supplementation having a 31 % decreased
odds of being stunted (OR = 0.69; 95 % CI = 0.49-0.98;
p = 0.04).
In 2010, none of the variables tested in multivariable

models had a statistically significant association with
wasting. However, a child’s mother washing her hands

with soap on the day prior to measurement trended to-
wards being protective (OR = 0.43; 95 % CI = 0.18-1.05;
p = 0.06) (Table 4). In 2014, children who exclusively
breastfed for at least 6 months had an 80 % decreased
odds of being wasted (OR = 0.20; 95 % CI = 0.05-0.74;
p = 0.02). Moreover, children measured in 2014 who
were introduced to supplemental foods after 6 months
of age had over a five-fold increase in the odds of be-
ing wasted (OR = 5.37; 95 % CI = 1.28-22.55; p = 0.02).
Additionally, in 2014 children from households that
faced food insecurity had over three-fold increased
odds of being wasted (OR = 3.70; 95 % CI = 0.90-15.10;
p = 0.07), though it was not statistically significant.

Table 3 Logistic regression of stunted status (height-for-age z-score < -2), Zambézia Province, Mozambique

2010 Survey 2014 Survey 2010 and 2014 combined

OR (95 % CI) P value OR (95 % CI) P value OR (95 % CI) P value

Child age (per month increase) 1.02 (1.00,1.04) 0.07 0.0002 0.0001

12 (reference) - - - 1.0 1.0

24 - - - 1.94 (1.50,2.51) 1.71 (1.39,2.10)

36 - - - 2.34 (1.63,3.37) 1.60 (1.22,2.09)

48 - - - 3.00 (2.13,4.24) 2.05 (1.57,2.69)

Family Income (per 100 MZN/month increase) 0.96 (0.92,0.99) 0.01 1.01 (0.99,1.03) 0.25 0.99 (0.98,1.01) 0.45

Household dietary diversity score (per point increase) 1.12 (1.04,1.22) 0.01 1.04 (0.96,1.13) 0.31 1.08 (1.02,1.15) 0.01

Exclusive breastfeeding (6 months) 0.86 (0.43,1.72) 0.68 1.32 (0.70,2.50) 0.39 1.15 (0.76,1.75) 0.50

Introduction of other foods (≥6 months) 1.33 (0.73,2.41) 0.35 0.65 (0.35,1.24) 0.19 0.99 (0.65,1.50) 0.95

Child received vitamin A supplement 0.76 (0.42,1.36) 0.35 1.06 (0.63,1.77) 0.84 0.69 (0.49,0.98) 0.04

Child had diarrheal illness within past month 0.85 (0.52,1.37) 0.50 1.23 (0.67,2.25) 0.51 0.88 (0.59,1.30) 0.51

Family was food insecure within past month 0.77 (0.42,1.40) 0.39 0.75 (0.44,1.27) 0.28 0.77 (0.53,1.11) 0.16

Mother washed hands with soap on previous day 1.08 (0.64,1.82) 0.76 0.75 (0.43,1.30) 0.30 0.92 (0.63,1.34) 0.66

Family uses safe water 1.03 (0.53,2.01) 0.94 1.04 (0.52,2.08) 0.91 1.10 (0.71,1.70) 0.68

Fig. 2 Restricted cubic spline of aggregated 2010 and 2014 data revealing the adjusted association between child’s age (months) and the
probability of stunting among children 6–59 months. The 95 % confidence interval is represented by the gray area
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When 2010 and 2014 data were aggregated, children
from households that were food insecure had twice the
odds of being wasted (OR = 2.08; 95 % CI = 1.10-3.95;
p = 0.03).
In 2010, household food insecurity within the past

month resulted in over twice the odds of being
underweight in multivariable analysis (OR = 2.31; 95 %
CI = 1.02-5.23; p = 0.05) and a child’s mother washing
her hands with soap in the day prior to interview
trended towards being protective against underweight,
though did not reach statistical significance (OR = 0.44;
95 % CI = 0.19-1.06; p = 0.07) (Table 5). In 2014, both in-
creasing HDDS as well as exclusive breastfeeding for at
least 6 months had protective associations against be-
ing underweight, with the latter reducing odds by
57 % (OR = 0.43; 95 % CI = 0.18-1.02; p = 0.05). When
2010 and 2014 data were analyzed in aggregate, in-
creasing age was significantly associated with being
underweight, while exclusive breastfeeding for at least
6 months and the child’s mother washing her hands

with soap on the day prior to interview showed a protect-
ive association against being underweight, decreasing odds
by 47 % and 40 %, respectively (OR = 0.53; 95 % CI = 0.29-
0.97; p = 0.04 and OR = 0.60; 95 % CI = 0.36-1.01; p = 0.05,
respectively).

Discussion
The prevalence of stunting in our study was “very high”
as per WHO [27] classification and also in comparison
to worldwide rates of stunting in other LMICs that
range from 5 to 65 % [28]. Recorded rates of wasting
and underweight, as defined by the WHO, were catego-
rized as “poor” and “medium prevalence,” respectively
[27]. Stunting prevalence is of particular concern since it
reflects long-term structural factors of undernutrition
and can serve as an indicator of a population’s well-
being [9]. The WHO [28] and other studies [9, 23] have
found that stunting prevalence increases with age from
birth until 24 to 36 months and then plateaus. In con-
trast, our data found that children with increasing age,

Table 4 Logistic regression of wasted status (weight-for-height z-score < -2), Zambézia Province, Mozambique

2010 Survey 2014 Survey 2010 and 2014 combined

OR (95 % CI) P value OR (95 % CI) P value OR (95 % CI) P value

Child age (per month increase) 0.99 (0.97,1.01) 0.36 1.01 (0.98,1.04) 0.58 1.00 (0.98,1.02) 0.76

Family Income (per 100 MZN/month increase) 0.99 (0.95,1.02) 0.53 1.02 (1.00,1.04) 0.09 1.01 (0.99,1.03) 0.36

Household dietary diversity score (per point increase) 0.97 (0.83,1.14) 0.71 0.94 (0.79,1.13) 0.52 0.92 (0.81,1.04) 0.18

Exclusive breastfeeding (6 months) 0.68 (0.21,2.18) 0.52 0.20 (0.05,0.74) 0.02 0.52 (0.21,1.24) 0.14

Introduction of other foods (≥6 months) 0.60 (0.26,1.40) 0.24 5.37 (1.28,22.55) 0.02 1.15 (0.61,2.20) 0.66

Child received vitamin A supplement 1.41 (0.54,3.66) 0.49 1.04 (0.27,4.06) 0.95 1.40 (0.76,2.61) 0.28

Child had diarrheal illness within past month 0.82 (0.42,1.61) 0.56 1.16 (0.22,6.04) 0.86 1.01 (0.54,1.91) 0.98

Family was food insecure within past month 1.49 (0.67,3.32) 0.33 3.70 (0.90,15.10) 0.07 2.08 (1.10,3.95) 0.03

Mother washed hands with soap on previous day 0.43 (0.18,1.05) 0.06 5.96 (0.59,59.62) 0.13 0.80 (0.37,1.75) 0.58

Family uses safe water 0.71 (0.23,2.19) 0.55 1.88 (0.24,14.54) 0.54 1.00 (0.98,1.02) 0.76

Table 5 Logistic regression of underweight status (weight-for-age z-score < -2), Zambézia Province, Mozambique

2010 Survey 2014 Survey 2010 and 2014 combined

OR (95 % CI) P value OR (95 % CI) P value OR (95 % CI) P value

Child age (per month increase) 1.01 (0.99,1.03) 0.34 1.03 (1.01,1.05) 0.01 1.02 (1.00,1.04) 0.02

Family Income (per 100 MZN/month increase) 1.01 (0.97,1.04) 0.71 1.01 (0.99,1.03) 0.41 1.01 (0.99,1.02) 0.39

Household dietary diversity score (per point increase) 1.06 (0.92,1.23) 0.39 0.91 (0.83,0.99) 0.02 0.96 (0.89,1.04) 0.37

Exclusive breastfeeding (6 months) 0.43 (0.14,1.28) 0.13 0.43 (0.18,1.02) 0.05 0.53 (0.29,0.97) 0.04

Introduction of other foods (≥6 months) 0.57 (0.25,1.32) 0.19 1.80 (0.75,4.36) 0.19 1.01 (0.56,1.83) 0.97

Child received vitamin A supplement 1.17 (0.55,2.51) 0.68 1.03 (0.52,2.03) 0.93 0.92 (0.60,1.40) 0.70

Child had diarrheal illness within past month 0.63 (0.32,1.25) 0.19 1.07 (0.45,2.55) 0.88 0.83 (0.49,1.43) 0.51

Family was food insecure within past month 2.31 (1.02,5.23) 0.05 0.90 (0.40,2.01) 0.80 1.47 (0.87,2.49) 0.15

Mother washed hands with soap on previous day 0.44 (0.19,1.06) 0.07 0.65 (0.30,1.39) 0.27 0.60 (0.36,1.01) 0.05

Family uses safe water 0.82 (0.32,2.09) 0.68 1.58 (0.60,4.21) 0.36 1.12 (0.58,2.18) 0.74
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above 2 years, were at highest risk of being stunted and/
or underweight. The aggregated 2010 and 2014 stunting
data reveals a non-linear association between stunting
and child’s age (Fig. 2). This phenomenon is likely due
to a variety of factors. First, Ogumaniha interventions
targeted poor nutrition through promotion of exclusive
breastfeeding for children 6 months and younger, train-
ing of community volunteers on the preparation of foods
high in essential micronutrients, and identification of
children with moderate undernutrition within communi-
ties for caloric supplementation and/or referral to a
health facility for treatment if necessary. The lower odds
of stunting in younger children may be evidence that
they received and positively responded to these interven-
tions, while the higher odds of stunting at later ages (36
to 59 months) may largely be due to these children hav-
ing past the window of opportunity to prevent the per-
manent effects of undernutrition when interventions
were introduced. Second, as a child is weaned from the
breast, their growth and nutrition may be negatively af-
fected by the mother’s inability to continue meeting the
nutritional needs of the growing child with breast milk
alone and/or by either the introduction of high-starch,
low-protein foods or by a delayed introduction of sup-
plemental foods. The median length of time for exclusive
breastfeeding in our study increased between 2010 and
2014, thus potentially delaying the negative chronic
effects of undernutrition as children were weaned later.
This is further supported by our finding of an 80 %
decreased odds of wasting in 2014 in children that ex-
clusively breastfed for a minimum of 6 months and a
five-fold increased odds of wasting in children who had
delayed introduction of supplemental food.
Our finding in multivariable analysis of a protective as-

sociation between receipt of vitamin A supplementation
and decreased odds of stunting is consistent with similar
studies in LMICs [4, 20, 23, 29–31]. These studies found
that micronutrient deficiencies, including vitamin A,
iron, and zinc, had a significant impact on a child’s
height potential. Our survey questionnaire did not ask
about zinc and iron supplementation, as they are not
commonly administered in the province. In 2010, 70 %
of all children reported receipt of vitamin A supplemen-
tation while only 37 % reported receiving supplementa-
tion in 2014. Although this stark difference could be
attributed to missing data (40 % was missing in 2010), it
is vital to increase the coverage of vitamin A supplemen-
tation or consider the implications of introducing foods
fortified with vitamin A, such as sweet potatoes [32].
Higher proportions of children with undernutrition

came from households with a higher monthly income,
though no associations were detected between income
and either stunting or wasting in multivariable analysis.
This counterintuitive finding may result from the fact

that there is likely no meaningful difference between the
measured 300 versus 150 meticais per month (a differ-
ence of approximately $4 USD) in terms of purchasing
power at a household level. Additionally, almost one
quarter of interviewees did not know their household in-
come, which is common among subsistence farmers and
those who rely on seasonal and informal markets. In this
setting, non-monetary measures of poverty, such as the
multidimensional poverty index which classifies one’s
poverty based on measures such as health, education,
and material means may be more appropriate [33].
The perceived association between increased stunting

and greater household dietary diversity could be ex-
plained by an inability to capture the individual child’s
dietary diversity with the survey tool used. Anecdotal
evidence from Zambézia Province suggests there is a
hierarchical determination of diet, such that male adults
within a given household may have a more diverse diet
than females and children respectively, and that natural
children within a household may have better diets than
children taken into the home as orphans or from ex-
tended family, despite these foods being available in the
household. While providing a potential measure of over-
all household access to resources, dietary diversity may
not be a sensitive marker of under-five malnutrition,
particularly in infants younger than 9 months, who may
not eat all foods available in the household or who are
exclusively breastfeeding.
Multivariable analysis revealed that being food inse-

cure more than doubled the odds of being underweight
in 2010 and wasted when analyzed in aggregate. This
finding aligns with our expectations because wasting and
underweight are traditionally used to monitor short-
term deprivation of food, while stunting reveals reoccur-
ring nutrient inadequacies over a lengthier period of
time [23, 34, 35].
Hand washing practices that included the using of a

cleaning agent decreased the odds of being underweight
by 40 %. Although 95 % of interviewees reported wash-
ing hands the previous day, only 72 % washed their
hands with soap, detergent, or ashes. The use of a clean-
ing agent is necessary to remove grime and bacteria
from the hands, and ashes have been reported to be an
effective, low-cost alternative to soap in preventing the
spread of diarrheal illness [36]. Future interventions in
Zambézia Province should focus on education and eco-
nomic interventions that will continue to increase the
use of cleaning agents.
In our multivariable analysis, there was little evidence

that the use of safe water was associated with undernu-
trition. Eighty percent of households used safe water and
this lack of variability in the data may have made it diffi-
cult to observe a correlation between this variable and
the outcome variables. Despite using safe water, roughly
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30 % of children were reported as having diarrheal ill-
ness within the past month, regardless of nutritional
status. We did not detect a statistically significant associ-
ation between diarrheal illness and undernutrition,
although recurring infectious disease and unhealthy
environmental conditions have been correlated with
stunting in other settings [4, 16, 23, 30, 37]. This un-
detectable correlation in our study could be attributed
to the aforementioned lack of variability in the popula-
tion. Future directions of study should include collecting
bio-specimens to determine if environmental enterop-
athy, a subclinical condition of the gut that has been
found to be an intermediary pathway connecting poor
hygiene to growth deficits [38] plays a role in the under-
nutrition of this population.
Strengths of this study include a large sample size and

survey design that was representative of the province.
Survey interviewers were Zambézia residents that ad-
ministered the surveys in one of five local languages
known to the interviewee. The models in the analyses
were developed a priori and tested non-linearity of co-
variates with restricted cubic splines. A study limitation
was that the breastfeeding questions referred to the
female head of household’s actions with her youngest
child, which may not have been the child that was
randomly selected for measurement. We assumed that
practices were kept consistent among children, but there
is a possibility of variance that was not accounted for in
the data. Moreover, survey design was more heavily
weighted towards questions that measured household
level factors of undernutrition than for individual level
factors. As such, it is likely we did not capture those in-
dividual level determinants that would prove important
in impacting the high rates of undernutrition in this
population, such as maternal undernutrition, birth
weight, poor feeding practices, infectious disease specific
history, and duration of disease. A final limitation of this
study is the timing of the baseline and program-end sur-
veys as they were conducted at two distinct periods of
the year. Data collected in 2014 occurred at the end of
the rainy, or “hunger,” season, which may have influ-
enced the increased prevalence of stunting as well as in-
come and food related variables, such as dietary diversity
and food insecurity. However, stunting is the result of
long-term food deprivation, so it is likely that the timing
of surveys had a low impact on this outcome variable.

Conclusion
Almost half of studied children aged 6–59 months in
Zambézia Province were undernourished, revealing the
need for sustained efforts to ameliorate this high preva-
lence rate. Of particular concern is the high rate of
stunting that increased from 2010 to 2014. Intensified
efforts to increase rates of vitamin A supplementation

should be implemented, as well as other disease preven-
tion measures such as interventions aimed at sustaining
high rates of vaccine uptake. Interventions related to
breastfeeding and hand washing practices as well as de-
creasing the extraordinary level of food insecurity that is
prevalent throughout Zambézia Province should be im-
plemented to help to reduce the prevalence of wasting
and underweight. Future studies are needed to better ex-
plore local customs related to inter-household dietary di-
versity patterns, specifically focused on children under 5
years old. Ogumaniha’s multidimensional interventions
may have contributed to the decreased rate of poverty
and food insecurity from 2010 to 2014. Our study pro-
vided evidence that a combination of factors were asso-
ciated with undernutrition. As such, employment of
multidimensional interventions should be considered to
decrease undernutrition in children under 5 years old.
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