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Abstract
Objective: We examined the trends over time and the factors associated with malnutrition among adolescent girls in Ghana.
Design: Cross-sectional analysis from 3 nationwide Ghana Demographic and
Health Surveys conducted in 2003 (n 983), 2008 (n 955) and 2014 (n 857). We used
Cox proportional hazard models with sample weighting to model the prevalence
ratio (PR) of malnutrition.
Setting: Countrywide, covering rural and urban areas in Ghana.
Participants: Non-pregnant adolescent girls aged 15–19 years.
Results: Compared with 2003, thinness declined marginally (PR 0·88 (95 % CI 0·45,
1·73)) in 2008 and in 2014 (PR 0·71 (95 % CI 0·38, 1·56)). Stunting declined marginally by 19 % in 2008 (PR 0·81 (95 % CI 0·59, 1·12)), flattening out in 2014 (PR 0·81
(95 % CI 0·57, 1·17)). We found an increasing trend of overweight/obesity with the
PR peaking in 2014 (PR 1·39 (95 % CI 1·02, 1·88)) compared to 2003. The anaemia
prevalence remained severe without a clear trend. A low level of education of the
adolescent girl was positively associated with stunting. Increasing age was positively associated with stunting but inversely associated with thinness and anaemia.
Girls who ever bore a child were more likely to be anaemic compared to those who
never did. A lower level of household wealth and a unit increase in household size
was negatively associated with overweight/obesity. Urban dwelling girls were less
likely to be stunted.
Conclusions: The stagnant burden of under-nutrition and rising over-nutrition
emphasise the need for double-duty actions to tackle malnutrition in all its forms
in Ghanaian adolescent girls.

A little over a fifth of the female Ghanaian population is
adolescent girls (aged 10–19 years)(1). In addition to physical growth, adolescence is characterised by profound biological, psychosocial and cognitive changes(2,3) related to
improved nutrition(4–6). Besides the first 1000 d of life,
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adolescence offers an additional (and last) critical window
of opportunity for linear growth catch-up(7,8).
Nutrient requirements during adolescence are among
the highest in the life cycle, making adolescents vulnerable
to under-nutrition(3,9) and micronutrient deficiencies, primarily anaemia and iron deficiency anaemia(10,11), while
some studies also show an increasing overweight leading
to a double burden of malnutrition among adolescents in
low- and middle-income countries (LMICs), particularly

*Corresponding author: Email fusta.azupogo@wur.nl, fazupoko@uds.edu.gh
© The Author(s), 2021. Published by Cambridge University Press on behalf of The Nutrition Society. This is an Open Access article, distributed under
the terms of the Creative Commons Attribution licence (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use,
distribution, and reproduction in any medium, provided the original work is properly cited.
Downloaded from https://www.cambridge.org/core. 08 Oct 2021 at 10:42:02, subject to the Cambridge Core terms of use.

2

F Azupogo et al.
(12,13)

for girls
. The 2014 Ghana demographic and health survey (GDHS)(14) indicates that 14·0 % of 15–19-year-old
female adolescents are thin, and 9·0 % are overweight;
other studies show that 44·0 % of rural Ghanaian adolescent
girls aged 10–19 years are anaemic, being higher than
60·0 % in the northern and coastal savannah agro-ecological zones(15). This confirms the presence of the double burden of malnutrition among adolescents in Ghana, which
has adverse effects on attained height(16), productivity later
in life(17) and cardiovascular risk(18).
Malnutrition is also associated with educational, social
and economic disadvantages that reduce young people’s
capabilities as they mature, contributing to low social
and economic status within the household(19). About a third
of teenage girls in Ghana are married by the age of 18
years(1), and 14·0 % of those aged 15–19 years have begun
childbearing(14), increasing malnutrition risks for themselves and their children(7,20). Girls in Ghana have
unhealthier eating habits than boys(21) and are disadvantaged in intra-household food distribution and resource
allocation(22). Ghanaian girls are also more likely to drop
out of secondary school than boys(23).
The causes of malnutrition are multi-level and can be
explained using a conceptual framework, adapted from a
recently proposed socio-ecological framework (Fig. 1)
for adolescents by our group(24). The framework recognises
the complex hierarchical relationship of determinants of
nutrition at the environment/community, household and
individual level. Individual-level characteristics of the girl
such as age, sex, disease, birth order, education, occupation and marital status may affect her nutritional status,
mostly through dietary intake, aside from susceptibility
and exposure to infection and access to health service(25).
Household-level characteristics influence those at the individual level. Some socio-demographic characteristics of
girls, such as marital status, may be influenced by parental
education and household wealth(26). Household characteristics also influence girls’ empowerment(27), including education, occupation and autonomy; empowerment is an
essential determinant of nutrition in many developing contexts(27–30). Place of residence, parental education and
occupation and household wealth influence the household’s access to resources, including food, health and sanitation services(24). Poor household access to safe water and
sanitation facilities leads to an increased risk of infections
and diseases, affecting food intake and utilisation(31). The
household’s structure such as a large household size may
increase the dependency ratio with consequences for
dietary intakes(32) due to competing needs for food and
health care. Community- or environmental-level factors
are additive factors driving girls’ nutrition directly or
through household-level determinants. Cultural and religious norms prevalent in the community influence household behaviours(33). Girls are particularly vulnerable to
cultural and gender norms, which often discriminate
against them(34).

No national representative data and analysis on determinants of adolescents’ nutrition in Ghana are available. Some
studies indicate that dietary intake, parental education and
occupation, household socio-economic status, type of residence and ecological zone are predictors of adolescents’
nutrition in Ghana(11,35,36), but the geographic scope and
sample size limit the generalizability of these results.
Also, no study examined the changes over time in the nutritional status of Ghanaian adolescent girls which may be significant given the massive improvement in socio-economic
conditions in the last three decades(37), the second nutrition
transition presently occurring in Ghana, mirrored in more
imports in the food environment(38) and the consumption
of more processed food(39), and the several social protection programmes since the turn of the 21st century, including Livelihood Empowerment Against Poverty Programme
and Ghana School Feeding Programme, to reduce poverty
and under-nutrition in marginalised and vulnerable groups.
This study aimed to fill this critical knowledge gap by
defining the trends over time in the prevalence of malnutrition, including under- and over-nutrition, and the factors
associated with malnutrition among adolescent girls in
Ghana using nationally representative data included in
the GDHS. Our analyses may provide much-desired evidence for policy formulation and programme planning to
optimise interventions that optimise nutrition and health
for adolescent girls in Ghana.

Methods
Study design
We conducted secondary analyses of the national representative 2003, 2008 and 2014 GDHS data for non-pregnant
adolescent girls aged 15–19 years. The GDHS contains data
on individual demographic characteristics, household
characteristics, fertility, women’s empowerment, nutrition
and health of Ghanaian women aged 15–49 years.
Although available, we did not use the 1993 and 1998
GDHS data due to the absence of Hb data and small sample
sizes (see online Supplemental Table S1, for population
selected for analysis). Details of the sample selection and
data collection of the surveys are presented in the DHS
Methodology report(40). The datasets are accessed through
the DHS MEASURE website(41). The Ethical Review
Committee of Ghana Health Service, Accra, Ghana,
approved the GDHS, and no further ethical approval was
required. We obtained permission from DHS MEASURE
to download and analyse the data.
Dependent variables
Anthropometric indicators
Based on height, weight, age and sex, height-for-age
Z-score (HAZ) and body-mass-index-for-age Z-score
(BAZ) were computed with WHO Anthroplus (version
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Fig. 1 A conceptual framework for the factors associated with the nutritional status of adolescent girls from the 2003–2014 Ghana
Demographic and Health Survey. Adapted from Madjdian et al.(24)

1.0.4), using the WHO 2007 growth reference for 10–19
years adolescent girls. We defined stunting (HAZ < −2
SD), thinness (BAZ < −2 SD), normal weight (−2
SD ≤ BAZ ≤ þ1 SD), overweight (þ1 SD < BAZ < þ2 SD)
and obesity (BAZ ≥ þ2 SD) in conformity to De Onis
et al.(42).
Anaemia
In all surveys, Hb concentration was measured with the
HemoCue 301, using finger prick by trained health technicians from Ghana Health Service. Hb concentration was
adjusted for altitude and smoking. Anaemia and severity
were defined using the WHO criteria for non-pregnant
girls(43), i.e. Hb < 120 g/l; severe, moderate and mild

anaemia as Hb < 80 g/l, 80 ≤ Hb < 110 and 110 ≤
Hb < 120, respectively.

Independent variables
The following explanatory variables for the girls’ nutritional
status were selected based on the conceptual framework
and data availability in the GDHS.
Individual-level variables
Marriage and fertility-related variables included marital status (categorical), having ever bore a child (dichotomous),
and continuous variables for the age at first birth (if any),
and the number of children ever born. The girl’s health-
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seeking behaviour included dichotomous variables of having visited a health facility in the last 12 months, sleeping
under a mosquito net and being covered by the national
health insurance scheme (NHIS). Lifestyle factors in the
analyses included the frequency of watching TV and of listening to the radio in the past week.
The girl’s working life included a dichotomous variable
for currently working and a categorical variable for occupation. Girls’ educational status was assessed as a categorical
variable and as the number of completed years of schooling. Other demographic characteristics of girls included age
in complete years and categorical variables for religion and
ethnicity. Data on dietary intake included the frequency of
consuming fruits and vegetables in the past week, only
available for the 2008 and 2014 surveys and modelled as
continuous variables for the survey-specific models. We
also included an index of autonomy regarding domestic
violence(44) as a proxy of empowerment (see online
Supplemental Table S2a); the score ranged from 0 to 5, with
a higher score reflecting a greater sense of entitlement and
self-esteem and thus higher autonomy(14).
Household-level variables
Data included household size, the number of children aged
under 5 years, and the household head’s age as continuous
predictors; the sex of the household head (dichotomous),
the relationship of the girl to household head (categorical)
and the socio-economic status of the household defined by
the household wealth index (HWI) quintiles. The HWI is a
composite measure of a household’s cumulative living
standard, calculated using principal components analysis
of data on household’s ownership of selected assets, materials used for housing construction, types of water access
and sanitation facilities and cooking fuel(40). In the 2008
and 2014 surveys, dichotomous variables for the household
ownership of land and farm animals were also included in
the analysis. We constructed a composite index of household water and sanitation facilities (WASH) in conformity to
the joint WHO/UNICEF guidelines on improved WASH to
prevent oral-faecal contamination(45); previous studies(46,47)
have used similar indexes (see online Supplemental Table
S2b). The WASH index ranged from 0 to 3 based on the
available data across surveys.
Community and broader environmental-level variables
These included the type of residence and agro-ecological
zone. In the GDHS, the countryside was classified as rural
residence, while towns and cities were classified as
urban(40). The previous ten administrative regions of
Ghana used for GDHS were classified into three agroecological zones(48), including the: (1) Guinea/Sudan savannah (Northern, Upper East and Upper West Regions); (2)
coastal savannah (Central, Greater Accra and Volta
Regions) and (3) forest zone (Brong-Ahafo, Ashanti,
Western and Eastern Regions) for the analyses.

F Azupogo et al.

Statistical analysis
All statistical analyses were done with SAS 9.4 (SAS Institute
Inc.). Statistical significance was considered as a two-tailed
P-value of ≤0·05 at a 95 % CI. We presented descriptive
statistics as percentages for dichotomous/categorical
variables and as means (standard errors) for continuous
variables. We used trend graphs to map trends over time
in mean HAZ, BAZ and Hb and the prevalence of stunting,
thinness, overweight/obesity and anaemia. Cox proportional hazard models were fitted to analyse the prevalence
ratios (PRs) over time and identify nutritional status determinants over the years with all outcome variables being
binary (stunted v. not stunted, thin v. normal weight, overweight/obese v. normal weight and anaemic v. not
anaemic).
Bivariate analyses were first fitted, and all results with
P-values ≤0·25 were further assessed in the multivariable
models. In the multivariable models, we explored potential
interactions by adding pair-wise interaction terms for the
determinants, but none was statistically significant. We first
created survey-specific models and then pooled the data
across all surveys to fit an overall model. In the pooled
models, the survey year was included as a categorical variable to examine the trend in the PR with reference to 2003.
The log-likelihood ratio test, Akaike information criteria
(AIC), Wald test and P-value informed the final models.
Variables were retained in all final models if they were associated with the outcome variable at a P-value of ≤0·05. We
applied weighting factors in the data and adjusted for strata
and cluster effects using the PROC SURVEY function in
SAS(49), adjusting for differences in the probability of selection and interview due to the intricate survey design. For
the pooled analysis, a combined weighting factor was
applied. A detailed explanation of the weighting procedure
can be found in the DHS Methodology report(40). In a sensitivity analysis, we repeated all the analyses with linear
regression using the ‘PROC SURVEYREG’ command in
SAS(49) (see online Supplemental Table S4a–c). We further
examined the absolute percentage point decrease/increase
in malnutrition prevalence between 2003 and 2014 (see online Supplemental Table S5) using SAS ‘PROC SURVEYREG’
command(49).

Results
Population characteristics
For all surveys (Table 1), the adolescent girls’ mean age
was approximately 17 years; about half of the respondents
were of Akan ethnicity and more than three-quarters of the
adolescents professed Christianity. The majority (≥64·5 %)
were unemployed. Most of the girls had secondary/higher
education, and the proportion improved marginally from
65·5 % in 2003 to 72·5 % in 2014. Less than 5 % of the girls
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Table 1 Population descriptive statistics for adolescent girls from the 2003–2014 Ghana Demographic and health survey data
Year of survey
2003 (n 983)
Variables
Age*
Health seeking behaviour and lifestyle
Visited health facility last 12 months
Respondent slept under a mosquito bed net
Covered by National Health Insurance
(NHIS)
Frequency of listening to radio in the past
week*
Frequency of watching television in the past
week*
Dietary intake
Frequency of fruit intake in the past week*
Frequency of vegetable intake in the past
week*
Demographics of the girl
Religion
Christian
Muslim
Other
Ethnicity
Akan
Mole-Dagbani
Other
Occupation of girl
Unemployed
Agriculture/unskilled labour
Skilled labour
Girl is currently working
Years of schooling*
Highest educational level of girl
No education
Primary school
Secondary education/higher
Marriage, fertility and relations
Total children ever born*
Age at first birth*
Girl has ever given birth
Marital status
Never married
Formerly married
Currently married
Relation of girl to the household head
Household head
Wife
Daughter
Grand-daughter
Other family relation
Non-family relation
Autonomy
Autonomy index*
Household characteristics
Age of household head*
Household size*
Number of children < 5 years*
WASH index*
Sex of household head (male)
Household wealth index
Poorest
Poorer
Middle
Richer
Richest

2008 (n 955)

2014 (n 857)

Pooled data
(n 2795)

Mean or
%

(mean)

Mean or
%

(mean)

Mean or
%

(mean)

Mean or
%

(mean)

16·9

0·1

17·0

0·1

16·8

0·1

16·9

0·0

SE

21·0
4·9
–

SE

25·9
16·5
38·5

SE

24·9
28·5
56·9

SE

23·9
16·6
47·7

2·0

0·0

2·0

0·1

1·3

0·0

1·8

0·0

1·6

0·1

1·7

0·1

1·2

0·0

1·5

0·0

–
–

–
–

4·0
3·8

0·1
0·1

3·0
3·3

0·1
0·1

3·5
3·5

0·1
0·1

82·0
15·4
2·6

79·9
14·9
5·1

80·6
17·1
2·3

80·9
15·8
3·3

53·0
11·3
35·7

50·6
15·1
34·3

49·3
16·6
34·1

51·0
14·3
34·7

65·3
21·5
13·2
32·0
2·8

67·7
21·2
11·1
31·8
3·0

64·5
26·9
8·6
33·1
3·0

65·8
23·2
11·0
32·3
2·9

0·1

11·3
23·2
65·5
1·1
16·9
10·2

0·1

6·9
20·7
72·4
0·0
0·1

1·2
16·6
9·8

0·1

3·8
23·7
72·5
0·0
0·2

1·2
16·6
10·8

0·0

7·3
22·5
70·1
0·1
0·2

1·1
16·7
10·3

88·5
1·8
9·7

92·9
0·9
6·1

93·6
0·7
5·7

61·6
6·7
31·7

2·1
4·6
57·6
10·5
19·2
6·0

3·9
3·7
59·2
9·0
19·0
5·2

1·9
3·6
62·4
8·0
15·5
8·6

2·6
4·0
59·8
9·2
17·9
6·5

0·0
0·1

3·7

0·1

3·9

0·1

4·0

0·1

3·6

0·0

36·36
6·2
0·8
2·1
57·5

1·8
0·1
0·0
0·0

48·7
5·6
0·7
2·3
57·7

0·6
0·1
0·0
0·0

49·2
5·7
0·72
2·3
59·6

0·7
0·1
0·0
0·0

48·8
5·8
0·7
2·5
58·2

0·4
0·1
0·0
0·0

14·3
14·2
19·1
23·7
28·7

14·5
18·4
21·5
23·3
22·2
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Table 1 Continued
Year of survey
2003 (n 983)
Variables
Household owns land usable for agriculture
Household owns livestock
Geographical/environmental
Place of residence
Rural
Urban
Agro-ecological zone
Coastal savannah
Forest
Guinea/Sudan savannah

Mean or
%

SE

(mean)

2008 (n 955)
Mean or
%

SE

(mean)

2014 (n 857)
Mean or
%

SE

(mean)

Pooled data
(n 2795)
Mean or
%

–
–

49·6
49·6

46·1
48·6

47·8
49·1

55·4
44·6

48·8
51·2

50·5
49·5

51·6
48·4

35·4
51·4
13·1

34·6
47·7
17·7

31·9
50·7
17·4

34·0
49·9
16·1

SE

(mean)

*Values are means with standard errors, all other values are percentage; Autonomy index, a proxy of autonomy regarding domestic violence; WASH, Household water,
hygiene and sanitation.

were wives of the household head. About half resided in
rural areas and Ghana’s forest zone. About a quarter of
the girls had visited a health facility in the past 12 months.
The proportion of girls who slept under a mosquito bed net
increased from 4·9 % in 2003 to 28·5 % in 2014. The proportion of those who were currently married decreased from
9·7 % in 2003 to 5·7 % in 2014. About a tenth of the girls ever
bore a child with a mean number of births of one child
across all years. The score for autonomy improved marginally from 3·7 in 2003 to 4·0 in 2014. The frequency of watching TV decreased from 1·6 in 2003 to 1·2 in 2014 but was
highest in 2008 (1·7).

The trend in nutritional status and malnutrition
The mean HAZ and BAZ increased non-significantly from
2003 to 2014 (Fig. 2(a)) and the prevalence of stunting and
thinness were comparable across the years (Fig. 2(b)). The
prevalence of overweight increased from 10·0 % in 2003 to
12·1 % in 2008 but virtually flattened off in 2014 (Fig. 2(b)).
We observed a V-shaped curve in the adolescent girls’
mean Hb status between 2003 and 2014 (Fig. 3(a)) with
the mean Hb being higher in 2003 (120·9 g/l, SE 0·5) compared to 2008 (113·2 g/l, SE 0·6) and 2014 (118·4, SE 0·6)
(Table 2). An inverted V-shape was observed in the prevalence of anaemia between 2003 and 2014, with the 2008
survey recording the highest prevalence of anaemia at
62·1 % (Fig. 3(b)). The prevalence of moderate anaemia
changed the most for the surveyed years (Fig. 3(b)).
Supplemental Table S3 indicates the prevalence rates of
the girls’ nutritional status by year of the survey.
Compared to 2003, the PR of stunting decreased nonsignificantly by 19 % in 2008 and 2014 respectively
(Fig. 4); the PR of thinness declined non-significantly in
2008 compared to 2003, with a further non-significant
decrease between 2008 and 2014. Additionally, compared
to the 2003 survey, the PR of overweight/obesity increased

by 28 % in 2008, peaking significantly at 39 % in 2014. The
PR of anaemia increased significantly by 41 % in 2008 compared to 2003, but the trend virtually flattened out in
2014 (Fig. 4).

Factors associated with the nutritional status of
Ghanaian adolescent girls
Individual-level factors
Compared to girls with secondary or higher education,
those with primary and no education were more likely to
be stunted in all but the 2008 survey (Table 2). Girls with
no or primary school education were more likely to be thin
in 2008 than those with secondary or higher education
(Table 3). The PR of anaemia was higher for girls who
had ever bore a child in both 2008 and the pooled model
(Table 3). In 2014, stunted girls compared to non-stunted
girls were more likely to be anaemic (Table 4).
Increasing age was positively associated with stunting in
2014 and the pooled model, and with overweight in
2008 (Tables 2 and 5, respectively). Furthermore, increasing age was inversely associated with anaemia in all but
2003 (Table 4). In the 2014 and pooled model, married girls
were less likely to be stunted compared to never-married
girls (Table 2) and more likely to be overweight/obese
compared to never-married girls in 2014 and the pooled
model (Table 5). The association between ethnicity and
stunting was inconclusive, with conflicting results in 2003
and 2008. However, girls from the Akan ethnicity were significantly less likely to be overweight or obese in both 2008
and the pooled analysis. A unit increase in the autonomy
index was inversely associated with stunting (Table 2)
and positively associated with overweight/obesity in
2014 (Table 5). A unit increase in the frequency of watching TV was inversely associated with thinness in the pooled
model (Table 3) and positively associated with
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Table 2 Multivariate predictors of stunting among non-pregnant adolescent girls: analysis of the 2003–2014 Ghana demographic health
survey (GDHS) data
2003 (n 983)
Variables
Age
Ethnicity
Akan
Mole-Dagbani
Other (Ref.)
Highest educational level of girl
No education
Primary school
Secondary education/Higher (Ref.)
Autonomy index
WASH index
Household wealth index
Poorest
Poorer
Middle
Richer
Richest (Ref.)
Place of residence
Urban
Rural (Ref.)
Agro-ecological zone
Guinea/Sudan savannah
Coastal savannah
Forest (Ref.)
Survey year
2003 (ref)
2008
2014
Model fit statistics
Wald test
−2 Log-likelihood ratio
AIC

PPR

95 % CI

1·73
0·94
1·00

1·06, 2·83*
0·39, 2·24

1·77
1·99
1·00

0·87, 3·60
1·26, 3·15**

1·28

1·03, 1·60*

4·31
6·80
4·54
4·05
1·00

1·93, 9·62***
3·09, 14·95***
2·19, 9·39***
2·07, 7·93***

0·60
0·45
1·00

2008 (n 955)
PPR

0·58
0·47
1·00

0·67

95 % CI

2014 (n 857)
PPR

95 % CI

Pooled (n 2795)
PPR

95 % CI

1·32

1·11, 1·58**

1·11

1·01, 1·23*

3·30
1·90
1·00
0·76

1·42, 7·65**
0·95, 3·78

1·96
1·93
1·00

1·29, 2·99**
1·37, 2·72***

0·63
1·00

0·46, 0·87**

0·32, 1·06
0·23, 0·96*

0·63, 0·93**

0·51, 0·88**

0·29, 1·23
0·28, 0·70***
1·00
0·81
0·81
4·55***
950·57
972·57

6·81***
780·34
786·34

8·78***
742·42
750·42

0·59, 1·12
0·57, 1·17
7·25***
2924·71
2936·71

PPR, prevalence risk ratio; 95 % CI, 95 % confidence interval; AIC; Akaike information criteria; N/A, estimates were unreliable (set at zero) as none of the formerly married girls
was thin in 2008; Autonomy index, a proxy of autonomy regarding domestic violence; WASH, Household water, hygiene and sanitation.
*P ≤ 0 05.
**P ≤ 0 01.
***P ≤ 0 001.

overweight/obesity in 2003 (Table 5). For a unit increase in
the frequency of listening to the radio, the PR of thinness
increased by 48 % in 2003 (Table 3). A unit increase in fruit
consumption frequency significantly reduced the thinness
PR in 2014 (Table 3).
Household-level factors
A unit increase in the WASH index was positively associated
with stunting in 2003 but inversely associated with stunting
in 2008 (Table 2). A lower HWI was positively associated
with stunting for only the 2003 survey (Table 2). Girls in
the first four quintiles of the HWI compared to the fifth quintile were less likely to be overweight or obese for all survey
years and the pooled analysis (Table 5). Except for the 2014
survey, a unit increase in household size was inversely associated with overweight/obesity (Table 5). Household land
ownership was significantly associated with anaemia in
2014 (Table 4). Compared to girls that were daughters of
the household head, the PR of anaemia was significantly
lower for girls who were not related to the household head
(Table 4).

Community-level factors
In our pooled analysis, urban girls were significantly less
likely to be stunted than their rural peers (Table 2).
Furthermore, compared to girls who resided in Ghana’s forest zone, those who resided in the coastal savannah zone
were significantly more likely to be stunted in 2003
(Table 2) and those residing in the coastal and Guinea/
Sudan savannah zones were less likely to be anaemic in
2008 (Table 4). However, girls in the coastal savannah
zone were significantly more likely to be anaemic in
2014 (Table 4).
Model fit and sensitivity analysis
The model fit statistics showed that all the models were
statistically significant. Our sensitivity analysis (see
online Supplemental Table S4a–c) showed a similar
trend for HAZ, BAZ, Hb and the factors associated
with each of these outcomes. Lower HWI quintiles were
significantly associated with a lower HAZ and BAZ in
all the statistical models. Being thin was associated
with a lower Hb in all but the 2014 survey model.
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Fig. 2 Trend in the: (a) mean height-for-age Z-score (HAZ) and mean body-mass-index-for-age Z-score (BAZ); (b) prevalence of
protein-energy malnutrition among 15–19 years female adolescents from 2003–2014 in Ghana. Vertical bars are standard errors
of the (a) arithmetic means and (b) prevalence rates
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Fig. 3 Trend in the: (a) mean Hb (g/l) and (b) anaemia prevalence among female adolescents aged 15–19 years from 2003 to 2014 in
Ghana; Hb, haemoglobin; anaemia (Hb <120 g/dl); mild anaemia (110 g/l ≤ Hb ≤ 119 g/l); moderate anaemia (80 g/l ≤ Hb ≤ 109 g/l)
and severe anaemia (Hb < 80 g/l). Vertical bars are standard errors of the (a) arithmetic means and (b) prevalence rates

Between 2003 and 2014, stunting decreased slightly by
only 1·5 % points and underweight by less than 1 %point difference but, overweight increased significantly
by 4·3 % (95 % CI 0·74, 7·84) points for the adolescent

girls (see online Supplemental Table S5). Anaemia
increased significantly by 18·1 % points in 2008 with a
minor increase 2·82 % (95 % CI -1·76, 7·41) in 2014 compared to 2003.
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Fig. 4 Trend in the adjusted prevalence ratio (PR) of malnutrition among adolescent girls in Ghana from 2003 to 2014; all PRs are
adjusted for predictors that were significant in the pooled analysis for each outcome variable

Discussion
This study examined the trends over time and the factors
associated with malnutrition among adolescent girls aged
15–19 years in Ghana using nationally representative data
from the 2003, 2008 and 2014 GDHS. According to the
WHO criterion, the prevalence of anaemia in all the surveys
was of severe public health significance(43), confirming previous studies(15,50). The severity of anaemia over the years
suggests a high burden of micronutrient deficiencies
among adolescent girls in Ghana; inadequate dietary
intake, evolving from food insecurity and the consumption
of monotonous plant-based diets with little or no animal
source foods, has been cited as a common underlying
cause(9,51).
The 2008 survey coincided with the global financial crisis during which macro-economic growth in Ghana was
marginal compared to the previous years, with spikes in
the prices of fuel and food(52). Household food and nonfood expenditure are associated with household dietary
diversity(53). Hence, the spike in fuel and food prices plausibly influenced household food security and diversity negatively, especially among the middle-class and poor
without adequate safety nets. The preceding may partly
account for the peak in anaemia in 2008. Besides the effects
of the global financial crisis, the finding may also relate to
the prevalence and type of disease vectors during the survey. Our analysis showed that the peak of anaemia in 2008
was highest in the forest zone (not shown), which was contrary to other studies in Ghana(15,54). The forest zone of
Ghana has a tropical climate in which malaria exposure
is higher(55); although we could not verify this with the
available data, a recent study found that while anaemia
in children and reproductive women was associated with

iron deficiency in northern Ghana (Guinea savannah
zone), it was rather associated with inflammation in the
middle and southern belts (forest zone) of the country(56).
Stunting and underweight declined non-significantly
between 2003 and 2014 for the adolescent girls, corroborating the finding of Black et al.(57), who report that, globally,
stunting is decreasing slowly. Though Ghana attained
middle-income status in 2005, inequality has been increasing, and poverty remains prevalent in many areas, with
increasing urban poverty resulting from high graduate
unemployment(58). Food security plays a significant role
in the prevalence of thinness among adolescents in
LMICs(59). Ghana was among the first African countries to
achieve the first Millennium Development Goal of ‘eradicating extreme poverty and hunger’. However, a heavy
reliance on rain-fed agriculture, inflation and high food
prices continuously pose a threat to food security even
in urban Ghana(60), partly accounting for the stagnant burden of stunting and minor decrease in thinness. In reality,
declines in stunting are only noticeable after a couple of
generations of better-nourished mothers(57); but the 11year trend in our study sufficed to observe a trend.
Together with the stagnating under-nutrition rates, we
observed an increasing trend in adolescent overweight/
obesity over the years. Although our study is the first to
map the trend over time in Ghanaian adolescent girls’ nutritional status, Ofori-Asenso and colleagues(61) observed an
increasing trend in overweight and obesity prevalence for
Ghanaian adults in the period 1998–2016 with women
more overweight and obese in their study. Increases in
overweight and obesity can happen more rapidly than
declines in (chronic) under-nutrition(12,13), leading to the
co-existence of over- and under-nutrition. Ghana is in
the second phase of the nutrition transition(39) with
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Table 3 Multivariate predictors of thinness among non-pregnant adolescent girls: analysis of the 2003–2014 Ghana demographic health
survey (GDHS) data
2003 (n 983)
Variables
Age
Frequency of listening to the radio in the past
week
Frequency of watching television in the past
week
Frequency of fruit intake in the past week
Highest educational level of girl
No education
Primary school
Secondary education/Higher (Ref.)
Survey year
2003 (ref)
2008
2014
Model fit statistics
Wald test
−2 Log-likelihood ratio
AIC

2008 (n 955)

PPR

95 % CI

1·46

1·09, 1·96*

0·61

0·38, 0·98*

PPR

2014 (n 857)

95 % CI

PPR

95 % CI

0·76
1·79
2·70
1·00

0·52, 6·11 1·25
1·02, 7·11* 3·53
1·00

4·81***
228·02
236·02

Pooled (n 2795)
PPR

95 % CI

0·75

0·56, 0·99*

0·68

0·51, 0·91**

1·00
0·88
0·71

0·45, 1·73
0·38, 1·56

0·58, 0·99*

0·15, 10·57
1·16, 10·73*

3·59*
185·55
189·55

3·74*
190·66
192·66

2·90*
711·36
719·36

PPR, prevalence risk ratio; 95 % CI, 95 % confidence interval; AIC, Akaike information criteria.
*P ≤ 0·05.
**P ≤ 0·01.
***P ≤ 0·001.

Table 4 Multivariate predictors of anaemia among non-pregnant adolescent girls: analysis of the 2003–2014 Ghana demographic health
survey (GDHS) data
2003 (n 983)
Variables

PPR

Age
Girl has ever given birth
Yes
1·25
No (Ref.)
1·00
Stunting status
Yes
No (Ref.)
Relation of girl to the household head
Household head
Wife
Grand-daughter
Other family relation
Non-family relation
Daughter (Ref.)
Household owns land
Yes
No (Ref.)
Agro-ecological zone
Guinea/Sudan savannah
Coastal savannah
Forest (Ref.)
Year of survey
2003 (Ref)
2008
2014
Model fit statistics
Wald test
5·27*
−2 Log-likelihood ratio
5187·97
AIC
5189·97

95 % CI

1·03, 1·51*

2008 (n 955)

2014 (n 857)

Pooled (n 2795)

PPR

95 % CI

PPR

95 % CI

PPR

95 % CI

0·94

0·91, 0·98**

0·88

0·83, 0·94***

0·94

0·91, 0·97***

1·21
1·00

1·00, 1·45*

1·22
1·00

1·07, 1·40**

0·87
1·07
1·01
0·92
0·59
1·00

0·81
0·81
1·00

1·48
1·00

1·12, 1·98***

1·27
1·00

1·07, 1·50**

0·96
1·23
1·00

0·80, 1·16
1·01, 1·50*

0·61, 1·23
0·81, 1·40
0·85, 1·21
0·79, 1·07
0·39, 0·89**

0·71, 0·93*
0·71, 0·93*

1·00
1·41
1·06
3·99***
7629·05
7647·05

PPR, prevalence risk ratio; 95 % CI, 95 % confidence interval; AIC; Akaike information criteria.
*P ≤ 0·05.
**P ≤ 0·01.
***P ≤ 0·001.
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Table 5 Multivariate predictors of overweight/obesity among non-pregnant adolescent girls: analysis of the 2003–2014 Ghana demographic
health survey (GDHS) data
2003 (n 983)
Variables

PPR

95 % CI

Age
Frequency of watching television in the 1·29
1·09, 1·53**
past week
Autonomy
Ethnicity
Akan
Mole-Dagbani
Other (Ref.)
Marital status
Currently married
Formerly married
Never married (Ref.)
Household size
0·91
0·86, 0·97**
Household wealth index
Poorest
0·15
0·04, 0·64***
Poorer
0·18
0·08, 0·40***
Middle
0·24
0·11, 0·55***
Richer
0·70
0·46, 1·05
Richest (Ref.)
1·00
Year of survey
2003 (Ref)
2008
2014
Model fit statistics
Wald test
11·74***
−2 Log-likelihood ratio
1178·16
AIC
1190·16

2008 (n 955)
PPR

95 % CI

1·15

1·01, 1·30*

0·62
0·82
1·00

2014 (n 857)
PPR

95 % CI

1·27

1·00, 1·62*

0·41, 0·93*
0·49, 1·40
1·00
3·52
0·67
1·00

0·88

0·81, 0·95***

0·55
0·53
0·33
0·86
1·00

0·29, 1·05
0·31, 0·92*
0·17, 0·63***
0·56, 1·31

0·21
0·15
0·51
0·79
1·00

Pooled (n 2795)
PPR

95 % CI

0·71
0·82
1·00

0·56, 0·90**
0·56, 1·20

1·84, 6·75*** 1·03
0·23, 1·91
2·54
1·00
0·93

0·65, 1·63
1·03, 6·26*

0·10, 0·41***
0·07, 0·35***
0·28, 0·93*
0·48, 1·29

0·15, 0·39***
0·15, 0·35***
0·23, 0·49***
0·59, 0·98*

0·24
0·23
0·34
0·76
1·00
1·00
1·28
1·39

6·01***
1472·42
1488·42

9·10***
1400·53
1414·53

0·89, 0·98**

0·98, 1·67
1·02, 1·88*
11·33***
4769·52
4791·52

PPR, prevalence risk ratio; 95 % CI, 95 % confidence interval; AIC; Akaike information criteria; autonomy index, a proxy of autonomy regarding domestic violence.
*P ≤ 0 05.
**P ≤ 0.01.
***P ≤ 0 001.

increasing consumption of processed foods, ‘fast-foods’
and energy-dense snacks alongside decreasing physical
activity levels, which have contributed to overweight and
obesity(11,62,63). Buxton(64) found that adolescents in
Ghana have unhealthy eating patterns and habits, which
are worst among adolescent girls(21) and may partially
explain our findings. Also, adolescent girls in Ghana are
known to have less physical activity than their male
peers(65). Overall, the co-existence of under-nutrition and
over-nutrition is a reflection of persistent food insecurity
and poverty alongside a nutrition transition with an increasingly sedentary lifestyle(63).
Similar to the WHO report(25), early child-bearing and
socio-economic factors (education, household wealth,
type of residence) significantly predicted the nutritional status of the adolescent girls in our study. In detail, individuallevel characteristics associated with the girls’ malnutrition
included: (1) age; (2) education and (3) whether the girl
ever bore a child. First, educational status is a proxy of
socio-economic status and empowerment(66); accordingly,
higher educated girls may be more empowered and less
impoverished. Better education may protect against
adverse nutrition and health outcomes through the acquisition of positive social, psychological and economic skills
and by influencing lifestyle behaviours such as healthy

food choices(67). Less-educated adolescents are likely to
be from households with low socio-economic status(24,68),
associated with a lower HAZ in the present study.
Second, in contrast to our previous study(15), increasing
age seemed the most reliable determinant of a reduced
anaemia prevalence. Girls in our sample were in fertile
age compared to our previous study, where the girls were
primarily pre-menarche. Also, other studies found increasing age to be protective of anaemia(69,70). One possible reason is that older girls may be less susceptible to chronic
infection and inflammation(71). Many studies have reported
younger age as a risk factor for stunting among children and
adolescents in LMICs(72,73), but our study shows that older
girls are more stunted. Although this finding conforms with
Leslie and Pawloski(74), it was unexpected and does not
support the evidence of catch-up growth or compensatory
gain among adolescents. Catch-up growth among adolescents may occur only if there is a significant maturational
delay of 1 to 2 years to allow additional growth(75).
Lastly, girls who had borne a child before were more
likely to be anaemic in our analysis. Pregnancy poses an
extra-demand of nutrient requirements for the growing
foetus(3,9,34). Adolescent pregnancy negatively affects the
girl’s linear growth, increasing their risk for stunting(20).
Stunted children and adolescents are more susceptible to
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chronic infections and inflammation , this predisposes
them to micronutrient deficiencies, including anaemia.
Reduced linear growth is also associated with intergenerational consequences of adverse birth outcomes(20). Our
data suggest marriage could influence the association of
childbearing and nutrition status as married girls were older
and more likely to have borne a child. Girls who mature
early look older and marry earlier, partly attributed to better
secondary sex characteristics for heavier girls(76). In reality,
the socio-economic and physiologic deprivations associated with teenage marriage(9,20,34,77) outweigh any possible
benefits in the girl’s nutrition and health. Moreover, any
possible benefits of teenage marriage largely depend on
the partner’s socio-economic status.
Our results suggest that while higher autonomy has benefits for stunting reduction, it is also positively associated
with being overweight. Adolescent girls who are more
autonomous may have more control over household
resources and are better able to make independent decisions regarding their health, including reproductive
health(44); this probably explains the negative association
between increasing autonomy index and stunting in
2014. Equally, girls with a higher autonomy may have more
purchasing power, which may probably result in more consumption of ‘fast-foods’ and energy-dense snacks, explaining the positive trend between the autonomy index and
overweight/obesity in 2014.
We observed a positive trend between the frequency of
TV watching and overweight/obesity in 2003, with an
inverse trend for thinness in our pooled analysis. A combination of the frequency and amount of time spent watching
TV or listening to the radio would be a better measure of a
sedentary lifestyle(78), but these data were not available.
Previous studies showed that a higher frequency of TV
watching is significantly associated with overweight for
adolescents(68) and women aged 15–49 years(79,80).
Children who frequently watch TV are also more likely
to consume energy-dense snacks and sugar-sweetened
beverages(68), which contributes to a higher energy intake,
increasing the likelihood of overweight/obesity.
The most consistent household determinant of the adolescent girls’ malnutrition was the household size and HWI.
Household size was inversely associated with overweight/
obesity in our study. A higher dependency ratio may
increase household expenditures and competing household needs may lower dietary quantity and quality, with
consequences for weight loss, micronutrient deficiencies,
infections and stunting(51). Girls from households in the first
four lower HWI quintiles were consistently less likely to be
overweight/obese but were only more likely to be stunted
in 2003. In our sensitivity analysis with linear regression,
lower levels of HWI were negatively associated with
HAZ and BAZ, suggesting that increasing household
wealth may significantly increase overweight/obesity with
a marginal reduction in stunting. One probable reason is
that a short- to medium-term exposure to improved

household wealth may rapidly improve dietary intake
and health; this would improve weight in the short to
medium term. Also, girls from deprived households may
lack the purchasing power to consume ‘fast-foods’ and
energy-dense snacks, which may reduce overweight/
obesity. In contrast, a long-term exposure to improved
household wealth would be desirable in reducing stunting(25,57). Overall, improving socio-economic conditions
is a well-known determinant of a reduced risk of undernutrition but an increased risk of over-nutrition(11,24,35,73).
Households with access to agricultural land are more
likely to have improved livelihoods(81), especially in rural
communities with farm-based livelihoods. Nevertheless,
girls from such settings may also be overburdened with
farm-related work alongside their gender roles of household chores, compromising their health. The above may
explain that girls from households with land were more
likely to be anaemic in the 2014 survey. Undeniably,
women in Ghana are known to have more substantial burdens in their time than men(82), and adolescent girls may be
no exception. The work burden may lead to stress with
probable consequences for poor dietary and health-seeking behaviours, impacting health negatively. For instance,
the risk of micronutrient deficiencies was reportedly higher
among working than non-working girls in Sri Lanka(83).
Also, children who worked longer hours were allegedly
more stunted than their peers who worked for shorter
hours in Nepal(84).
Community-level determinants of malnutrition for the
girls included the agro-ecological zone and the type of residence. However, the type of residence was only a significant determinant of stunting in our pooled analysis, and the
association between agro-ecological zone and malnutrition
was inconsistent. Overall, poverty and food insecurity are
more prevalent in rural parts of the country than in urban
settings(58,60); this may partly explain that urban-dwelling
girls were less stunted. Moreover, many rural communities
still have poor access to sanitation services and health care,
despite introducing the Community-Based Health Planning
and Services compounds in rural Ghana in the early 2000s.
Contrary to previous studies(15,54), girls residing in Ghana’s
coastal and Guinea/Sudan savannah zones compared to
the forest zone were remarkably less likely to be anaemic
in the 2008 survey; as earlier mentioned, this partly explains
why the prevalence of anaemia peaked in 2008 and somewhat relates to the 2008 global financial crisis and the type
and prevalence of disease vectors.

Policy implications
Our findings emphasise the importance of double-duty
actions proposed by Hawkes and colleagues(85) to tackle
both under- and over-nutrition, but evidence of effectiveness for adolescent girls remains unclear. Until recently,
nutrition initiatives in Ghana commonly focused on infants,
young children and women, neglecting adolescents. The
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few interventions targeting adolescents lately have mainly
concentrated on improved micronutrient intake for adolescent girls and reduced schistosomiasis and soil-transmitted
helminths among school children. The ‘Girls, Iron-Folate
Tablet Supplementation (GIFTS)’ programme for junior
high school girls in Ghana(86) may help reduce anaemia,
although compliance-related issues(87,88) may limit its effectiveness. While the school provides a reliable platform for
in-school girls, innovative programmes targeting out-ofschool girls are also desirable.
Considering that girls in rural settings were more likely
to be stunted, there is a continued need for policies that
enhance food security in low-income communities and
households and improve girl-child education to mitigate
the flattening stunting rate. Likewise, nutrition and public
health policies should target girls in high socio-economic
settings to overcome the increasing over-nutrition trend.
Such programmes may include sensitisations and education to improve the consumption of healthier snacks such
as fruits and promote a healthy and active lifestyle during
adolescence, such as aerobic outdoor games.
The burden of anaemia emphasises a need for a multisectoral approach to anaemia prevention. Only about a
quarter of the girls ever visited a health facility in the last
12 months; while this may suggest respondents were generally healthy, it also underscores the need to promote
health-seeking behaviour among adolescent girls. Our
study shows that teenage pregnancy and teenage marriage
is still prevalent and efforts to prevent these should be
strengthened including improved reproductive health education and care.

Limitations
The present study is the first to map the trend in malnutrition among adolescent girls in Ghana and to assess the factors associated with this malnutrition using national
representative data. Nonetheless, our analysis is not without challenges. Firstly, it was impossible to model some
potential explanatory variables in the pooled analysis since
the data were not available in all datasets. Secondly, dietary
intake data were limited to fruits and vegetable consumption, and the data did not include household food security
although being an important determinant of adolescent
nutritional status(89). Thirdly, menstruation increases the
risk of micronutrient deficiencies, notably, iron deficiency
anaemia through iron loss in the blood(9). However, we
could not include menarche status in our analysis. Data
on menstruation were related to whether or not the girl
menstruated in the last 6 weeks preceding the survey,
but we are not certain whether girls who did not menstruate
6 weeks before the surveys were pre-menarche or simply
missed their menstrual period. Fourthly, we selected a subset of women in fertile age (15–49 years) and were not able
to include data for 10–14-year-old adolescents since they
are not part of the fertile age group. We were, therefore,
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limited in examining the trend and correlates of malnutrition for only older adolescents aged 15–19 years. Our findings may, therefore, be extrapolated only to 15–19 years
adolescent girls in Ghana. Finally, the GDHS surveys used
a cross-sectional study design, and our findings only depict
associations.
Conclusions
Our findings point to a stagnant burden of under-nutrition
with an existing and upcoming burden of over-nutrition for
non-pregnant adolescent girls in Ghana. Nutrition interventions should consider adolescent girls as a major target
group besides the usual priority groups, infants and young
children. Our findings emphasise the need for double-duty
actions to tackle both under- and over-nutrition holistically.
Different intervention programmes are needed to meet the
nutrition-specific needs of different socio-economic groups
of adolescent girls.
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