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Abstract

Objective: To describe trends of childhood stunting among under-5s in Uganda
and to assess the impact of maternal education, wealth and residence on stunting.
Design: Serial and pooled cross-sectional analyses of data from Uganda
Demographic and Health Surveys (UDHS) of 1995, 2001, 2006 and 2011.
Prevalence of stunting and mean height-for-age Z-score were computed by
maternal education, wealth index, region and other sociodemographic character-
istics. Multivariable logistic and linear regression models were fitted to survey-
specific and pooled data to estimate independent associations between covariates
and stunting or Z-score. Sampling weights were applied in all analyses.

Setting: Uganda.

Subjects: Children aged <5 years.

Results: Weighted sample size was 14 747 children. Stunting prevalence decreased
from 44-8% in 1995 to 33-2% in 2011. UDHS reported stunting as 38 % in 1995,
underestimating the decline because of transitioning from National Center for
Health Statistics/Centers for Disease Control and Prevention standards to WHO
standards. Nevertheless, one in three Ugandan children was still stunted by 2011.
South Western, Mid Western, Kampala and East Central regions had highest odds
of stunting. Being born in a poor or middle-income household, of a teen mother,
without secondary education were associated with stunting. Other persistent
stunting predictors included small birth size, male gender and age 2-3 years.
Conclusions: Sustained decrease in stunting suggests that child nutrition

) ) Keywords
interventions have been successful; however, current prevalence does not meet Trends
Millennium Development Goals. Stunting remains a public health concern and Undernutrition
must be addressed. Customizing established measures such as female education Demographic and Health Surveys
and wealth creation while targeting the most vulnerable groups may further Uganda
reduce childhood stunting. Stunting

Stunting, or inadequate height-for-age, is formally defined .2,

by the WHO as ‘the impaired growth and development
that children experience from poor nutrition, repeated

performance, and low adult wages and productivity

Overall, stunting negatively impacts the socio-economic
development of a nation®.

infection, and inadequate psychosocial stimulation™" .
Stunting has adverse effects on children, including
increased infectious disease morbidity and mortality,
impaired cognitive and mental development, poor school
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Globally, it is estimated that stunting among children
<5 years old (under-5s) decreased from 397 to 267 %
between 1990 and 2010°’. During the same period,
stunting in Africa stagnated around 40 % and is expected to
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remain stable through 2020%. In Uganda, however,

stunting decreased slowly over the same period. The
reported prevalence of stunting was 38-3, 39-1, 38-1 and
33-4% for the years 1995, 2001, 2006 and 2011, respec-
tively™”. In 2011, it was estimated that 2-1 million Ugandan
children were stunted.

There is strong evidence that sociodemographic vari-
ables are associated with stunting*™'”’, indicating that the
prevalence at national level does not adequately represent
stunting at regional level. The 2011 Uganda Demographic
and Health Survey (UDHS) estimated that the Western
region had the highest prevalence of stunting at 43-1 %,
followed by the Northern region with 32:2%. In Central
and Eastern regions, stunting prevalence was 29-1 and
28:5%, respectively™. Apart from region, household fac-
tors such as wealth, source of drinking-water, toilet facility,
number of household members™ and number of under-5
children(@; maternal characteristics such as education,
age(S), height, marital status®”, BMI(@, work status® and
occupation”; and child-related characteristics including
seX(S’S), age(g), birth order™”, size at birth and recent
morbidity®!? are also associated with stunting.

The prevalence of stunting has been decreasing in
Uganda, partly attributed to betterment of the economy
and maternal education™. As an indicator for the
improving economy, Uganda’s gross domestic product per
capita grew from $280 in 1995 to $575 in 2011 in current
US dollars"?. Extreme poverty, defined as earning less
than $1 per day for one individual, reduced from 56-4 % in
1992 to 24-5% in 2010"". In 1997, Uganda launched
universal primary education, allowing all children to
receive the first seven years of education for free™".
Consequently, the percentage of women who did not
receive formal education decreased from 31-0 % in 1995“%’
t0 19:9% in 2011Y. The Government of Uganda partners
with multiple international organizations to address
childhood malnutrition and stunting. The Nutrition and
Early Child Development Project'®, with funds from the
World Bank, was a multipronged nutrition intervention
started in the late 1990s in two-thirds of the districts of
Uganda selected based on prevalence of pre-school child
malnutrition. UNICEF strives to ensure health care, nutri-
tion and sanitation for children and mothers, who are
reached by health-care workers from Village Health
Teams in local facilities”>. UNICEF also leads an Inte-
grated Management of Acute Malnutrition plan to spread
the correct child feeding practices and provide treatments
for stunted children®. The Water, Sanitation, and
Hygiene Programme was launched to increase access to
clean water and sanitation™®. In 2011, Uganda launched
its multisectoral Uganda Nutrition Action Plan that speci-
fically focuses on reducing malnutrition and the burden of
mothers to care for their malnourished children”. In the
same vyear, Uganda joined the Scaling Up Nutrition
movement, a global movement that unites governments,
non-government organizations and scholars to improve
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childhood nutrition!”. Specifically, Scaling Up Nutrition
coordinates with the implementation of the Uganda
Nutrition Action Plan"”.

Despite multiple efforts, Uganda still failed to meet the
Millennium Development Goals proposed by the health
ministry in 2005, which aimed to reduce stunting to 28 %
by 2009“®. As of 2011, one child in every three was
stunted™®. Strong surveillance systems are needed to guide
strategies to achieve stunting reduction goals. While UDHS
provides national comparisons of under-5 stunting in
survey-specific publications, these data are limited in two
ways. First, they do not offer longer-term trend analysis of
stunting and its persistent risk factors needed by decision
makers to act on. Second, national data do not offer key
insights about regional variability in stunting, yet this level
of granularity would allow for adjustment of strategies to
target specific geographic areas with greater stunting
burden. The aims of the present study were to describe
the trends of under-5 childhood stunting in Uganda over
16 years and to assess its association with region of
residence, maternal education and household income.

Methods

Study design

The present study was a serial cross-sectional analysis of
four consecutive UDHS conducted in 1995, 2001, 2006
and 2011. UDHS are conducted nationwide every five
years by the Uganda Bureau of Statistics to collect data on
a wide range of topics including maternal and child health,
household and respondent characteristics, education,
nutrition and wealth.

Study population

In 1995, 2001, 2006 and 2011, the number of households
selected was 755077, 78851, 8870°” and 9033, with
response rates of 98-4, 95-8, 97-5 and 95-3 %, respectively.
The weighted sample size of under-5 children was
47381 55761 2378 and 2055 in survey years
1995, 2001, 2006 and 2011, respectively, resulting in an
overall sample size of 14 747. Only about half (49-8 %) of
the sampled households had under-5 children, and the
number of children per household decreased over sur-
veys. UDHS studies are representative estimates for the
country, region and rural-urban area. The samples were
selected in two stages. In the first stage, enumeration areas
were selected among all enumeration areas from the latest
Uganda National Household Survey (UNHS) using the
probability-proportional-to-size approach“*?*_ An enu-
meration area was a geographic area covering an average
of 104 households for survey year 2011, while the sizes
of enumeration areas in previous surveys were not inclu-
ded in the UDHS reports. In the second stage, a fixed
number of households from each enumeration area was
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randomly selected. The second stage compensated the
first stage, so that each individual in the population had
the same probability of being sampled. All women aged
15-49 years who were resident in the selected households
were eligible for interview. Height and weight measure-
ments were carried out on women aged 15-49 years and
their under-5 children.

UDHS data were anonymous regarding participant
identities such as name and address. The institutional
review boards determined that the present study was not a
human subjects study (see online supplementary material,
Supplemental Fig. 1). UDHS data were accessible upon
approval by the DHS office located in Washington, DC.

Variables of interest

Outcome variables: stunting as a binary variable and
height-for-age Z-score

In the present study, stunting was measured by height-for-
age Z-score (HAZ) using the WHO Child Growth Stan-
dards. In our primary analysis, a child was moderately to
severely stunted if his or her height-for-age was below -2
sp of the median of the WHO standard (i.e. HAZ < -2)*?
To assess the robustness of our findings, severe stunting
(height-for-age below -3 sp of the median of the WHO
standard; i.e. HAZ <-3) was used in sensitivity analyses
for comparison with the primary analysis. In addition to
measuring stunting as a binary variable, HAZ was exam-
ined as a continuous outcome variable in sensitivity
analyses. HAZ according to both the US National Center
for Health Statistics/Centers for Disease Control and
Prevention (NCHS/CDC) International Reference Popula-
tion®” and the WHO Child Growth Standards were
available in the DHS data. The UDHS reported stunting
based on the NCHS/CDC reference in 1995 and 2001, and
according to the WHO standards in 2006 and 2011. We
plotted and compared the prevalence of stunting based on
the NCHS/CDC reference and WHO standards for all
surveys with the UDHS reported prevalence, to assess the
effect of migration from the NCHS/CDC reference to WHO
standards on the published trends of stunting. Addition-
ally, we fitted a logistic regression model to the NCHS/
CDC reference-based stunting data as part of sensitivity
analyses to assess if the same risk factors held in both
data sets.

Predictor variables: geographical region, housebold
wealth index and maternal education

Regions were collapsed from the ten regions in recent
surveys to the four regions in earlier surveys for compar-
ison over survey years: Northern (West Nile, Mid Northern
and North East), Central (Central 1, Central 2 and Kam-
pala), Eastern (East Central and Mid Eastern) and Western
(South Western and Mid Western). In a sub-analysis of
2006 and 2011 surveys, nine sub-regions were used to
evaluate their association with stunting (see online
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supplementary material, Supplemental Fig. 2). The wealth
index, calculated and provided by the UDHS, used assets
to approximate wealth of households (Supplemental
Table 1). The household wealth index was available
from the data set in quintiles labelled as: poorest, poor,
middle, rich and richest®”. It was computed by the
UDHS using factor analysis. Maternal education was
categorized as none, primary (1-7 years), and secondary
or higher (=8 years). Discrete years of school were used
for exploratory analysis.

Household, maternal and child-related covariates
Household characteristics included urban-rural residence,
source of drinking-water (improved v. non-improved),
toilet facility (improved v. non-improved), number of
household members and number of under-5 children in
the household. Maternal characteristics included maternal
age, marital status, BMI/pregnancy status and work status.
The child-related characteristics included sex, age, birth
order, preceding birth interval less than 24 months, size at
birth, fever in the last two weeks, cough in the last two
weeks and diarrhoea in the last two weeks. Size at birth
was subjectively reported by the respondent, and we
categorized smaller than average and very small as low
birth size as done in other studies®>®.

Data analysis

The data were analysed using the statistical software
package SAS version 9.4. The initial analysis involved
univariable and bivariable analyses using y* tests to assess
associations between categorical variables and stunting for
the primary analysis. All predictor variables were catego-
rical, the moderate to severe stunting primary outcome
variable and the severe stunting outcome variable were
binary, while the HAZ outcome variable was continuous.
Variables that were associated with stunting in the bivari-
able analysis at a P value of 0-1 were included in multi-
variable logistic and linear regression models to assess their
independent associations with stunting and HAZ, respec-
tively. For each survey, a model was fitted to the data, and
thereafter the data were pooled across all surveys to fit an
overall model. The survey indicator variable was included
in the pooled models as a dummy variable to account for
temporal variation and direction of the strength of the OR.
Backward elimination of non-significant variables (at a P
value of >0-05) was performed to obtain a preliminary
model for each survey. Variables were retained in all final
models if they were statistically associated with stunting at a
P value of <0-05 in any of the survey-specific models. To
account for the DHS complex sampling design, sampling
weights, provided by UDHS, were applied in all analyses.
Sensitivity analyses were performed in a similar way as the
primary analysis except that we used ANOVA for the
bivariable analysis of HAZ.
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Results

Overall decreasing trends of stunting

The present study included under-5 children from four
UDHS. The sample size was 4738, 5570, 2378 and 2055 for
surveys conducted in 1995, 2001, 2006 and 2011, respec-
tively. Overall, children from the Northern region constituted
the smallest proportion of 19 %; children from each of the
other three regions constituted more than one-quarter of the
sample. Almost 90 % of the children were rural residents.
About 59 % of the children were aged <24 months in the
1995 survey. This proportion dropped to 45% in 2001 and
stayed about the same in subsequent surveys. In the first
three surveys, about 19 % of the children were considered
small at birth by their mothers, which proportion increased
to 22-1 % in 2011. Morbidity within two weeks of data col-
lection was high in all surveys: fever, 44-49 %; cough, 49—
51 %; and diarrhoea, 21-27 % (Table 1).

The mean HAZ increased from —1-8 (st 0-027) in 1995 to
-1-4 (s 0-039) in 2011 (Table 2). The prevalence of
stunting decreased from 44-8 to 33-2% over the same
period (y* for trend =4-5, P < 0-0001). Figure 1 shows the
prevalence of stunting computed according to the NCHS/
CDC reference and the WHO standards, and that reported
by the UDHS, which masks the sharp drop in stunting
between 2001 and 2006. A 7-percentage-point reduction
was masked in the UDHS reports due to migration from
the NCHS/CDC reference to the WHO standards in 2000.
The NCHS/CDC reference underestimated stunting at
38:3% instead of 44-8 % in 1995 and at 39-1% instead of
44-2% in 2001. If the NCHS/CDC reference were used in
2006 and 2011, stunting would have been reported,
respectively, as 31-2 % instead of 38-1 % and 28-0 % instead
of 33-4%. Using year 1995 as a reference, the adjusted OR
(AOR) of stunting in years 2001, 2006 and 2011 was 0-89
(95% CI 0-81, 0-99; P<0:05), 0-65 (95% CI 0-57, 0-73;
P<0:001) and 058 (95% CI 051, 0-67; P<0-001),
respectively (Table 3). This was a 42 % reduction in in the
odds of stunting over 16 years.

Household characteristics: region, residence, wealth index
and source of drinking-water

In Eastern and Northern Uganda, the prevalence of
stunting declined steadily, consistent with the trend at the
national level. Stunting in Central Uganda stagnated from
1995 to 2001, while the prevalence in Western Uganda
increased by 3-2 percentage points. Between 2001 and
20006, Central and Western Uganda experienced a sharp
drop, but stunting prevalence stagnated thereafter (39-5,
39-9, 29-5 and 29-1 % in Central; 50-1, 53-3, 42-2 and 43-1 %
in Western for years 1995, 2001, 2006, 2011, respectively;
Table 2 and Fig. 2). Compared with children from Eastern
Uganda, the pooled AOR was 1-25 (95% CI 1-11, 1-42)
in Central and 1-74 (95% CI 1-55, 1-95) in Western
(P<0:001 for both regions; Table 3). Sub-analysis of
2006 and 2011 data revealed that children from the
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South Western sub-region had the highest odds of stunting
among all nine sub-regions (AOR=2-23; 95% CI 1-63,
3.06; P<0-001), using Mid Eastern sub-region as the
reference (see online supplementary material, Supple-
mental Table 2). Other sub-regions with significantly
higher odds of stunting than the Mid Eastern sub-region
were Kampala (AOR=1-69; 95% CI 1-14, 2:50; P<0-001),
East Central (AOR=1-42; 95% CI 1-06, 1-90; P<0-01) and
Western (AOR=1-65; 95% CI 122, 2-23; P<0-001). The
proportion of stunting was higher in rural areas than in urban
areas in all surveys (Table 2), but only in year 1995 did rural
children have significantly higher relative odds (AOR =1-59;
95 % CI 1-25, 2:02; P<0-001) compared with urban children.
Overall, rural children were 20 % more likely to be stunted
when compared with urban children (Table 3).

When grouping households by wealth index quintiles,
the richest quintile had the lowest proportion of stunting in
every survey (Table 2). From 1995 to 2011, the proportion
of stunting in the middle quintile of the wealth index
stagnated at about 45 %, while the proportion of stunting
in the other four quintiles declined steadily (Table 2).
Using the richest quintile as a reference, children in the
poorest and poorer quintiles had significantly higher odds
of stunting (AOR=1-53; 95% CI 1-13, 2:06; P<0-01 and
AOR=1-53; 95% CI 115, 2-:03; P<0-01, respectively) in
1995. This phenomenon shifted as, in 2011, only the
middle quintile had significantly higher odds of stunting
(AOR=2-11; 95% CI 1-26, 3-53; P<0-01; Table 3). Avail-
ability of improved source of drinking-water was about
40 % in the first three surveys but increased to more than
60 % in 2011 (Table 1). In 2006 and 2011, children who
used non-improved water sources were significantly more
likely to be stunted that those who used improved water
sources.

Maternal characteristics: education, age, BMI and
employment

In each survey, women had greater access to education
than the survey before. The prevalence of women with no
education declined steadily from 31-0 % in 1995 to 12:3%
2011 (4 for trend = 8-4, P< 0-0001). Women with primary
and secondary or higher education increased from 58-0 to
65-8 % and from 11-0 to 21-9 % over the same period. In all
surveys, the proportion of stunting in children declined as
mother’s educational level increased. Using mothers with
secondary or higher education as the reference group,
children of uneducated or primary educated mothers were
significantly more likely to be stunted in the pooled model
(AOR=1-34; 95% CI 1-14, 1-59; P<0-001 and AOR = 1-20;
95% CI 1-04, 1-38; P<0-05, respectively). Similar asso-
ciations were observed in the 2001 and 2006 surveys but
not in the 1995 or 2011 surveys (Table 3). Finer analysis of
years of school revealed stepladder reduction in child
stunting if the mother stopped in senior one (eighth year
of education) or senior five (twelfth year of education),
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Table 1 Distribution of household, maternal and child-related characteristics: Uganda Demographic and Health Survey 1995, 2001, 2006 and 2011*13:19:20)

1995 2001 2006 2011 Overall
(n 4738) (n 5576) (n 2378) (n 2055) (n14 747)
n % n % n % n % n %
Household characteristics

Region

Central 1218 25.7 1480 265 561 236 493 24.0 3752 254

Eastern 1264 267 1721 309 637 268 646 314 4268 289

Northern 917 193 962 17.3 514 216 379 184 2772 188

Western 1339 28- 1413 25.3 666 28- 538 26- 3956 26-
Residence

Urban 533 113 534 9-6 257 108 281 137 1605 109

Rural 4204 887 5042 90- 2122 89-2 1774 86-3 13142 891
Source of drinking-water

Improved 2275 481 2313 4.7 1031 436 1251 60-9 6870 46-8

Non-improved 2451 51.9 3230 583 1332 56-4 804 391 7817 532
Toilet facility

Improved 3836 81.2 4442 79-8 1244 52.3 993 484 10514 714

Non-improved 887 188 1121 202 1135 47.7 1060 516 4203 286
No. of household members

1-5 1878 39-6 2307 414 816 34.3 823 40-0 5824 395

5-9 2197 464 2543 45.6 1240 521 978 476 6959 472

>10 662 14.0 726 13.0 322 136 254 124 1965 133
No. of under-5 children in household

1 1173 24.8 1355 24.3 557 234 472 23.0 3557 241

2 2040 431 2532 45.4 1121 471 956 465 6649 451

>3 1524 322 1689 30- 700 294 627 30- 4541 30-

Maternal characteristics

Age (years)

15-19 486 103 343 6-2 107 4.5 117 57 1053 71

20-30 2915 615 3462 621 1359 571 1187 578 8923 60-5

31-49 1336 28- 1771 31. 913 38 751 365 4771 32.
BMIl/pregnancy status

Pregnant/postpartum 861 18-3 1349 24-4 592 24-9 476 233 3278 224

Thin 336 71 338 6-1 201 85 166 81 1040 71

Normal 3031 64-5 3166 574 1234 52.0 1046 511 8477 579

Overweight/obese 470 10.0 666 121 347 14.6 359 17.5 1842 12:6
Marital status

Single 515 109 590 106 271 114 234 114 1610 109

Married 4222 89-1 4985 894 2108 88-6 1821 886 13137 891
Highest educational level

None 1467 31.0 1361 244 525 221 253 12.3 3606 245

Primary 2748 580 3589 644 1525 64-1 1352 65-8 9214 625

Secondary or higher 523 11-0 626 11.2 329 138 450 219 1927 131
Work status

Unemployed 1634 34.7 862 155 178 75 436 21.2 3110 211

Self-employed 2371 50-3 4011 72.0 1741 733 1086 529 9209 626

Employed 711 151 699 12:5 456 192 532 259 2398 16-3

s¢-1opun Suowre SUNUNIS JO SIUBUNWIND(]
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Table 1 Continued

1995
(n 4738)

%

2001
(n 5576)

%

2006
(n 2378)

%

2011
(n 2055)

%

Overall
(n14 747)

%

Child-related characteristics

Sex

Male 2310

Female 2428
Current age (months)

0-12 1482

13-23 1302

24-35 999

36-59 955
Low birth size

Yes 898

No 3785
Birth order

1 899

2-3 1540

4-5 1015

>6 1283
Preceding birth interval less than 24 months

Yes 958

No 3776
Had fever in last two weeks

Yes 2296

No 2421
Had cough in last two weeks

Yes 2431

No 2299
Had diarrhoea in last two weeks

Yes 1170

No 3556

48-8
51.2

31-3
27-5
211
20-1

19-2
80-8

19-0
32:5
214
271

202
79-8

48-7
51-3

51.4
486

24.8
752

2769
2807

1294
1233
1036
2013

1040
4469

888
1825
1316
1547

1215
4356

2614
2953

2743
2824

1171
4391

497
50-3

23-2
221
186
36-1

189
811

159
32.7
23-6
277

218
78-2

47-0
53-0

49.3
507

210
79-0

1207
1171

566
466
480
867

465
1900

359
679
572
768

468
1910

1042
1333

1156
1220

645
1728

50-8
49-2

23-8
19-6
20-2
36-4

19-6
80-4

151
28.6
24.1
323

19-7
80-3

43-9
56-1

48-7
51-3

272
72-8

1024
1032

483
440
387
746

559
4431

332
666
454
604

417
1637

911
1144

1025
1030

507
1548

49-8
50-2

23-5
214
188
36-3

221
779

161
324
221
29.4

20-3
797

44.3
55.7

499
50-1

24.7
75-3

7310
7437

3825
3440
2901
4581

2846
11712

2478
4710
3358
4202

3058
11679

6863
7851

7355
7373

3493
11223

49-6
50-4

25.9
233
19.7
311

19-5
80-5

16-8
319
228
28-5

20-7
79-3

46-6
53-4

499
50-1

237
76-3

0262

‘v 10 3ueX XX
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Table 2 Number and percentage of children aged <5 years with stunting, based on the WHO Child Growth Standards®®, by household,

maternal and child-related characteristics: Uganda Demographic and Health Survey 1995, 2001, 2006 and 201113.19:20)
1995 2001 2006 2011
(n 4738) (n 5576) (n 2378) (n 2055)
n % n % n % n %
Overall HAZ
Mean -18 -1.8 -15 -14
SE 0-02 0-02 0-03 0-03
Overall stunted 2123 44.8 2466 44.2 883 371 681 332
Region *kk *kk *kk *kk
Central 481 395 590 399 166 295 144 291
Eastern 545 431 713 41-4 238 37-3 184 28-5
Northern 426 46-5 410 426 199 387 122 32:2
Western 671 50-1 753 53-3 281 42.2 232 431
Residence ok ok hx ok
Urban 147 276 168 314 67 25.9 52 187
Rural 1976 470 2298 45-6 817 385 629 354
Wealth index *kk *kk *kk *kk
Poorest 521 50-2 615 49.2 211 424 159 35.7
Poorer 505 514 577 46-8 184 357 136 305
Middle 428 44.2 568 47-9 227 43.7 191 45.7
Richer 387 44.2 458 42-8 163 37.0 118 30-3
Richest 282 323 247 295 98 24.2 77 217
Source of drinking-water b o b
Improved 940 413 1051 45-4 333 323 375 30-0
Non-improved 1177 48-0 1398 43-3 542 40-7 306 381
Toilet facility
Improved 1692 441 1961 4441 468 377 337 34.0
Non-improved 424 47-8 498 44.4 415 366 344 325
No. of household members
1-5 845 45.0 1038 45.0 293 35.9 261 318
5-9 297 44.8 1132 44.5 478 38-6 332 339
>10 981 44.7 296 40-7 113 34. 88 34.7
No. of under-five children in household *
1 514 43-8 586 43-2 187 337 138 29.2
2 902 44.2 1110 43-8 424 378 310 324
>3 707 46-4 770 45.6 272 38- 233 372
Mother’s age (years)
15-19 209 43.0 152 44.4 40 376 46 39.0
20-30 1336 45-8 1529 44.2 508 374 404 341
31-49 578 43.2 784 44.3 335 36-7 231 30-8
BMl/pregnancy status i > * >
Pregnant/postpartum 427 49-6 624 46-3 231 390 185 388
Thin 174 51.7 158 46-7 72 357 50 299
Normal 1344 443 1413 446 479 38-8 358 342
Overweight/obese 161 34.2 247 372 99 285 89 24.8
Marital status
Single 224 435 272 461 108 398 74 315
Married 1899 45.0 2194 44.0 776 36-8 608 334
Highest educational level i i i i
None 704 48-0 707 51.9 214 40-8 101 39-8
Primary 1244 45.3 1548 431 595 39.0 467 34.7
Secondary or higher 175 334 211 337 74 225 111 24.7
Work status ok ok . ok
Unemployed 709 43-4 340 395 59 33:2 120 274
Self-employed 1156 488 1881 46-9 686 394 410 377
Employed 246 34-6 243 348 138 30-3 152 28-6
Sex *kk *kk *%k *kk
Male 1122 48-6 1300 470 485 40-2 381 373
Female 1001 41.2 1165 41.5 398 34-0 300 291
Child’s current age (months) bl bl o el
0-12 378 255 313 242 110 195 79 16-3
13-23 643 49-4 614 49-8 194 41.7 168 38-1
24-35 572 572 562 54.3 224 46-7 175 45-3
36-59 530 55.5 976 48-5 355 41.0 260 349
LOW birth Size *kk *kk *kk *kk
Yes 466 51.9 532 512 224 48-2 189 426
No 1632 431 1904 426 654 34-4 471 30-2
Birth order
1 416 46-3 390 43.9 132 36-7 114 344
2-3 682 44.3 797 437 258 38-0 218 32.7
4-5 438 432 594 451 208 36-3 139 305
>6 586 45.7 685 44. 286 372 211 34-
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Table 2 Continued

1995 2001 2006 2011
(n 4738) (n 5576) (n 2378) (n 2055)
n % n % n % n %

Preceding birth interval less than 24 months *

Yes 449 46-8 582 479 191 40-8 157 377

No 1672 44.3 1881 432 692 36-2 524 32.0
Had fever in last two weeks >

Yes 1085 472 1188 454 397 38-1 304 334

No 1028 42.5 1272 431 486 36-4 377 33.0
Had cough in the last two weeks

Yes 1123 462 1234 45.0 450 389 353 345

No 996 433 1226 434 433 355 328 31.8
Had diarrhoea in the last two weeks > **

Yes 581 49.6 551 471 272 42.2 176 346

No 1538 433 1907 434 611 353 506 327

HAZ, height-for-age Z-score.
*P<0-05, **P<0-01, ***P<0-001.

45

40 b

35

Prevalence (%)

30

20

1 1 1 1
1995 2001 2006 2011
Year

Fig. 1 Overall stunting trends among children aged <5 years according to standard (--e--, National Center for Health Statlstlcs/Centers

for Disease Control and Prevention International Reference Population®?; —e—, WHO Child Growth Standards®; -...e-..
Demographic and Health Survey published data): Uganda Demographic and Health Survey 1995, 2001, 2006 and 2011¢ (@131

coinciding with successful completion of primary and
secondary education, respectively (see online supple-
mentary material, Supplemental Table 3).

Throughout all four surveys, 20-30-year-old mothers
were the dominant age group, and the proportion of teen
mothers almost halved between 1995 and 2001 (Table 1).
Childhood stunting decreased in all maternal age groups,
but the decline was lowest for children with teenage
mothers (Table 2). There was an increased likelihood of
childhood stunting if the mother was younger (AOR=
1-57; 95% CI 1-31, 1-87; P<0-001; Table 3). When cate-
gorizing women by maternal BMI/pregnancy status,
stunting was most prevalent in children who had preg-
nant or postpartum mothers, defined as the first two
months after delivery. The prevalence of stunting
decreased most among children with thin mothers
(Table 2). Overweight or obese mothers were sig-
nificantly less likely to have stunted children in all four
surveys compared with mothers of normal BMI (AOR =
0-70; 95 % CI 0-61, 0-79; P<0-001; Table 3). Other than
survey year 1995, there was no significant association
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between maternal employment status and child stunting
after adjusting for other variables.

Child-related characteristics: sex, age, birth weight
and diarrboea

In each survey and the pooled model, male children were
significantly more likely to be stunted than female children
(AOR=1-42; 95% CI 1-31, 1-54; P<0-001; Table 3). Chil-
dren aged 24-35 months were the most stunted, while
those aged 0-12 months were least stunted (Table 2).
Prevalence of stunting was significantly higher among
children who were small at birth than among those with
normal birth size. Over the period of study, stunting
among children with normal birth size decreased by 13
percentage points compared with a 9-percentage-point
decrease among children with small size (Table 2). A child
with diarthoea two weeks before the survey was 17 %
more likely to be stunted than one without (AOR=1-17;
95% CI 1-11, 1-23; P<0-001). Similar associations were
observed in survey-specific estimates (Table 3). When
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Table 3 Relationship between childhood stunting, based on the WHO Child Growth Standards®®, and household, maternal and child-related characteristics from the multivariable logistic

regression models: Uganda Demographic and Health Survey 1995, 2001, 2006 and 201113:19:20)
1995 2001 2006 2011 Overall
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Household characteristics
Region
Central 1.24 1.00, 1-54 1.28 1.05, 1-55* 0-84 061, 1-16 1-51 1.08, 2.22* 1.25 111, 1.42%**
Northern 1-06 0-81, 1-39 0-92 074,113 1-00 075, 1-33 117 0-81, 1-69 1.02 0-89, 1-16
Western 1-60 1.29, 1.97*** 1.76 1.46, 2.12*** 1.27 095, 1-70 215 1-49, 3-10** 1.74 1.55, 1.96***
Eastern (ref.) 1-00 — 1-00 - 1-00 - 1.00 - 1-00 -
Residence
Rural 1.59 1.25, 2.02*** 0-95 0-74, 1-23 0-96 0-62, 1-48 1.36 0-84, 2.23 1-20 1.03, 1-40*
Urban (ref.) 1-00 - 1.00 - 1-00 - 1.00 - 1-00 -
Wealth index
Poorest 1.53 1-13, 2.06™ 217 1.61, 2.91* 1-60 1.04, 2-45* 1.28 073, 2:24 1.73 1.45, 2.06***
Poorer 1.53 1.15, 2.03** 1.92 1.43, 2.57*** 114 076, 1-72 1.02 0-59, 1-75 1-50 1.26, 1.78***
Middle 113 0-85, 1-49 1-99 1.50, 2-63*** 1-66 1.13, 2.45* 211 1.26, 3-53** 1-61 1.36, 1-90***
Richer 1-20 091, 1.57 1.66 1.26, 2-18™* 1.37 0-94, 2.01 115 0-68, 1-92 1.37 1-16, 1.61***
Richest (ref.) 1-00 - 1-00 - 1-00 - 1-00 - 1-00 -
Source of drinking-water
Non-improved 1-11 0-95, 1-30 0-96 0-84, 1-11 1-30 1.05, 1-61* 1.32 1.01, 1.72* 1-09 1.00, 1-18
Improved (ref.) 1-00 - 1-00 - 1-00 - 1-00 - 1-00 -
Maternal characteristics
Age (years)
15-19 1-46 1.10, 1.95** -53 1-14, 2.04** 1.58 0-96, 2-60 221 1.29, 3-81** 1.57 1.31, 1.87***
20-30 1.28 1.08, 1.52** 110 0-95, 1-28 112 091, 1-37 1.32 1.03, 1.70* 1-18 1.08, 1.29***
31-49 (ref.) 1.00 - -00 - 1-00 - 1.00 - 1-00 -
BMl/pregnancy status
Pregnant/postpartum 1.01 0-83, 1-23 1.02 0-86, 1-21 0-94 0-75, 1-19 1-46 1.08, 1.97* 1.04 0-94, 1-16
Thin 1.33 0-99, 1.77 110 0-83, 1-46 0-83 0-57, 1-21 0-90 0-59, 1-39 1-08 092, 1-27
Overweight/obese 0-67 0-52, 0-86** 0-76 0-61, 0-93* 0-64 0-46, 0-88* 0-68 0-47, 0-99* 0-70 0-61, 0-79**
Normal (ref.) 1.00 - 1.00 - 1-00 - 1.00 - 1-00 -
Highest educational level
None 1.22 091, 1-62 1.36 1.03, 1-80* 1.58 1.06, 2-35* 1.54 0.95, 2.52 1.34 1-14, 1.59"**
Primary 1-24 0-96, 1-60 1.01 0-79, 1-30 1-69 1-20, 2-38*** 1-29 0-88, 1-87 1-20 1.04, 1.38*
Secondary or higher (ref.) 1.00 - 1.00 - 1-00 - 1.00 - 1-00 -
Work status
Unemployed 116 0-92, 1-48 1.07 0-83, 1-38 1-38 0-89, 2:14 0-79 0-54, 1-16 1.06 0-92, 1-23
Self-employed 1.28 1.01, 1.63* 1-21 0-96, 1-53 1.07 0-80, 1-42 1-08 0-78, 1-50 118 1.04, 1.34*
Employed (ref.) 1.00 - 1-00 - 1-00 - 1-00 - 1-00 -
Child-related characteristics
Sex
Male 1-44 1.24, 1.67*** 1-31 1-15, 1.50*** 1-46 1.20, 1.78*** 1.72 1.35, 2.20*** 142 1.31, 1.54***
Female (ref.) 1.00 - 1.00 - 1-00 - 1.00 - 1-00 -
Current age (months)
13-23 3-07 2.51, 3.75"** 332 270, 4-08*** 331 240, 4.58*** 3-96 2.69, 5-85*** 322 285, 3-65"**
24-35 4.76 383, 591" 448 359, 5.60*** 4.24 309, 5-83*** 5-68 3-80, 8-50*** 4-61 4.05, 5-25**
36-59 4-69 376, 5-85™** 358 2.94, 4.37*** 349 2:61, 4-67** 3-66 2.53, 5:31*** 375 3:32, 423"
0-12 (ref.) 1.00 - 1.00 - 1-00 - 1-00 - 1-00 -
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Table 3 Continued
1995 2001 2006 2011 Overall
OR 95 % Cl 95 % Cl 95 % Cl OR 95 % Cl OR 95% Cl
Low birth size
Yes 1-44 119, 1.74*** 1.26, 1.79*** 1.48, 2-41** 1-99 1.50, 2-64*** 1.59 144, 1.77***
No (ref.) 1-00 - - - 1.00 - 1.00 -
Preceding birth interval less than 24 months
Yes 1-11 0-93, 1-32 1.06, 1-47** 0-95, 1.57 1.23 0-92, 1-63 1-19 1.08, 1-32***
No (ref.) 1.00 - - - 1.00 - 1.00 -
Had fever in last two weeks
Yes 1.18 1.01, 1-38* 0.95, 125 0.76, 1-15 0-85,1-44 1.08 0-99, 1-18
No (ref.) 1-00 - - - - 1.00 -
Had diarrhoea in last two weeks
Yes 117 1.07, 1.28*** 1.07, 1.27*** 1-10, 1.39*** 1-11 0.97,1-28 117 111, 1.23**
No (ref.) 1.00 - - - -00 - 1.00 -
Survey year
2001 0-89 0-81, 0-99*
2006 0-64 0.57, 0-73***
2011 0-58 0-51, 0-67**
1995 (ref.) 1.00 -

ref., reference category.

*P<0.05, **P<0-01, ***P<0-001.

OR are adjusted in multivariable models.

All variables in Table 3 are included in each model.
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Fig. 2 Stunting trends, based on the WHO Child Growth Standards®®, among children aged <5 years according to region (—e—,
Central; ----e---, Eastern; --e--, Northern; —- -, Western): Uganda Demographic and Health Survey 1995, 2001, 2006 and 2011131920

severe stunting (HAZ <—3) or continuous HAZ was the
outcome variable or the NCHS/CDC reference were used
in sensitivity analyses, the findings were similar to those
reported when moderate to severe stunting (HAZ <-2)
was the outcome variable (see online supplementary
material, Supplemental Table 4).

Discussion

The present study examined the long-term trends of
stunting among under-5 Ugandan children between 1995
and 2011 by various characteristics. At the national level,
childhood stunting decreased significantly from 44-8% in
1995 to 33-2% in 2011 using the WHO child growth
standards. However, a 7-percentage-point reduction in
stunting was masked in the UDHS reports due to migration
from the NCHS/CDC reference to the WHO standards in
2006. Geographical region, household wealth, maternal
education and child age, gender and birth size were
associated with childhood stunting over the four surveys.
These findings held when using the WHO standards or
NCHS/CDC reference, or continuous HAZ.

Similar studies showed a slower decline of childhood
stunting in Kenya and Cote d’Ivoire, where the prevalence of
stunting decreased by 4-6 and 29 percentage points in the
past two decades, respectively(6’27). It is not clear whether
transition from the NCHS/CDC reference to the WHO stan-
dards partially explains the minimal decreases in stunting in
these countries. High proportions of stunting among children
were also found in the Central African Republic, Democratic
Republic of Congo and Ethiopia®>?. Compared with the
whole of sub-Saharan Africa, where 40 % of under-5 chil-
dren were stunted®, Uganda is performing better. How-
ever, Uganda failed to meet its goal of reducing stunting to
28% by 2009"®. Regional differences in the prevalence of
stunting were found in similar studies conducted in Tan-
zania, Nigeria, Kenya and Zambia®' ¥, Western Uganda
had the highest prevalence of stunting, which could be
attributed to incorrect feeding practices, local dietary tradi-
tions and HIV/AIDS®**® UNICEF and WHO recommend
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exclusive breast-feeding for the first 6 months of life and
introduction of complementary foods at 6 months in
addition to continued breast milk”. However, a study in
Western Uganda found that 21% of 2-3-month-old
infants received complementary foods®*. Moreover, the
frequency of complementary feeding for almost half of
the children aged 12-23 months was less than optimal
(less than twice per day)®*. Local diets may also con-
tribute to stunting. Western Uganda has high agricultural
potential as vegetables can be grown year-round, how-
ever they are not widely consumed®®. Goode noted that
popularizing the consumption of plants would improve
nutrient intakes as vegetables provide micronutrients
such as vitamin A, iron and zinc®?. Furthermore, HIV/
AIDS is associated with lower health status of parents,
which is associated with increased childhood stunting®>.
In Western Uganda, the higher childhood malnutrition
rate coincides with higher HIV infection rate”®>. A sub-
analysis of the 2006 and 2011 surveys including nine
smaller regions revealed small regional variation in
stunting, warranting smaller area analysis to pinpoint
pockets of stunting. Policies regarding improving chil-
dren’s diets need to be made, targeting the Western
region and other smaller regions with the highest pre-
valence of stunting.

While it is not logical to compare household wealth
index quintiles across surveys because the cut-offs may be
different, comparing yearly prevalence of stunting in dif-
ferent quintiles helps to visualize the disparity of nutri-
tional status among children from different economic
levels. Using the richest category as reference, children
from the poorest and poorer categories were significantly
more likely to be stunted in 1995. Similar results were
found in Tanzania, Nigeria, Kenya and Zambia®1~3?,
where children from poorer families were more likely to
be stunted. One explanation is that richer households
would have greater purchasing power to ensure adequate
nutritional intake for children compared with poorer
households'”. A shift in the group most vulnerable to
stunting regarding wealth index was observed in later sur-
vey years. In 2001, while all four groups had significantly


https://doi.org/10.1017/S1368980018001982

2926

higher odds of stunting when compared with the richest
group, the poorest and middle categories had the highest
OR. In 2011, only children from the middle category were
significantly more likely to be stunted with a twofold
increase. It is not clear why the children most vulnerable to
stunting shifted from the poorest households to the middle-
income households over time. This observation needs to be
researched further. Rural-urban migration may partially
explain this observation as household income may be
spent on asset acquisition in preference to buying food,
commercialization of food crops that came with eco-
nomic diversification during our study period may have
led to families selling food to acquire assets instead of
eating it””. It is also possible that household assets that
correlate with household income changed over the study
period and need re-evaluation®®3*.

Consistent with the UDHS reports and previous research
in Uganda®, higher maternal education was associated
with lower likelihood of childhood stunting™®. A closer look
at completed years of maternal education revealed that
reaching senior one (or finishing the 7-year primary edu-
cation) or senior five (or finishing the 4-year lower sec-
ondary education) was associated with the highest
reduction in stunting of children, suggesting that successful
graduation from primary or secondary school is more
beneficial than simply accumulating years of education.
This is consistent with a Kenyan study which found that
attaining a secondary level of maternal education was
associated with decreased odds of childhood stunting, since
higher education is associated with employment and higher
household income'®. Education also serves as an important
strategy to teach women correct child feeding practices .
Unfortunately, as of 2011, 12% of women in Uganda
remained uneducated, while 66 % received only some pri-
mary education. Only 22% received some secondary edu-
cation or higher. Structural inequalities may keep women
out of school, as many African cultures consider men’s
education more important than the education of women“" .
According to the Uganda Bureau of Statistics, of all females
aged 6-12 years who did not attend school, 53-8 % did not
attend because they were considered to be ‘too young’;
another 6% did not go to school because they had to help
at home, while only 2:6% of their male counterparts were
hindered for the same reason*?.

Of the other predictors of stunting, male children were
significantly more likely to be stunted in all four surveys,
matching the finding in ten sub-Saharan African countries
where male children consistently had a higher frequency
of stunting®®. Previous epidemiological studies in neo-
natology found morbidity and mortality to be higher in
male infants and children than female counterparts, sug-
gesting that boys are generally more vulnerable“*”. Similar
to results from Congo, thin mothers were most likely to
have stunted children, while overweight mothers were
least likely®”. When compared with children less than
12 months of age, older children were significantly more

https://doi.org/10.1017/51368980018001982 Published online by Cambridge University Press

YY Yang et al.

likely to be stunted, consistent with findings in Nepal and
Burundi®*”. The OR was highest for children between 24
and 35 months of age. It is not surprising that the stunting
rate increases with age (at least up to 3 years) as the growth
deficit is cumulative and there is limited catch-up growth®,
Other possible explanations are prolonged breast-feeding
into the second year of life, early or late introduction of
complementary foods, and insufficient frequency of feed-
ing®”. However, children aged 36-59 months were less
likely to be stunted than those 24-35 months old, and the
reasons are unclear. It is possible some of them had recov-
ered from stunting“®"” or the severely stunted ones had
died, leaving the less stunted ones to survive beyond 2 years
of age. Children with small birth size were more likely to be
stunted than those with normal size since birth size is asso-
ciated with birth height, which is a predictor of height at
older ages™. Morbidity, including diarrhoea, was associated
with increased chance of being stunted, although this may
be reverse causality because stunted children are at a greater
risk of diarrhoea. Both birth size and morbidity showed
similar impact on childhood malnutrition in Kenya and
Nigeria®*?. Considering all these predictors, low-birth-size
Ugandan boys in their third year of life are at the highest risk
of stunting. This risk is even higher following bouts of diar-
rhoea. Infant girls with normal birth size are at the lowest risk
of stunting. Teen mothers were more likely to have stunted
children. Younger women tend to have less child-rearing
knowledge or experience; in addition, they may have not
finished secondary education.

According to Fig. 1, the trends of stunting from the
NCHS/CDC reference and the WHO growth standards are
parallel, with the WHO standards-based trend higher than
the NCHS/CDC reference-based trend, suggesting that the
NCHS/CDC reference underestimated stunting among
Ugandan children. Whereas using any of the two stan-
dards would be sufficient for surveillance purposes, the
NCHS/CDC reference would misclassify some stunted
children as normal, hindering their opportunity to receive
relevant interventions. Our study demonstrates that the
process of transitioning from the NCHS/CDC reference to
the WHO standards not only masked a 7% decrease in
stunting during the study period according to UDHS
reports, but also masked the precipitous drop in 2001 and
erroneously showed a moderate drop starting in 2006.
According to our study, it appears that interventions
implemented in the 1990s rather than 2000s may be
responsible for most of the observed decease in stunting.
Whether the stunting reduction mask related to transi-
tioning between the NCHS/CDC reference and WHO
growth standards observed in our study explains the
minimal change in prevalence in stunting reported in other
studies needs further investigation®”>,

There are strengths and limitations in the present
study. Strengths include large sample size for all surveys,
thereby allowing the use of a comprehensive set of
variables, and four surveys to analyse trends. We believe
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that our findings are robust as there are no major differ-
ences whether we use continuous HAZ or the binary
stunting variable, severe or moderate stunting, or the
NCHS/CDC reference or WHO standards to evaluate
predictors of stunting. Limitations are that cross-sectional
analysis did not allow following individual children as they
grew to enable us to establish causality between the pre-
dictor variables and stunting. Inconsistent breast-feeding
information across the surveys did not allow meaningful
analysis of this important factor. Change in the number of
regions between surveys forced us to use the broadest
regions used in earlier surveys. Availability of complete data
varied from survey to survey, and the number of under-5
children per household dwindled with subsequent surveys;
the latter for a good reason though, namely fewer children
per household due to decreasing fertility rate that dropped
from 7 to below 6 children per woman during the study
period“”. The smaller numbers in the 2006 and 2011 sur-
veys may have compromised the power to detect associa-
tions in those surveys compared with the 1995 and 2001
surveys, although we did not find many differences across
surveys apart from the wealth index variable.

Conclusions

The aims of the present study were to describe the trend of
under-5 childhood stunting over 16 years in Uganda and
to analyse its association with region, wealth and maternal
education. At the national level, the analysis showed that
under-5 childhood stunting has been declining. But not all
regions or groups of children benefited equally from the
decline. As of 2011, children living in the Western region,
living in middle-income households and with uneducated
mothers were the most vulnerable to stunting. In addition,
despite the general decrease, the prevalence of stunting
remains high. Policies and practices need to be put in
place to address this high level of stunting, guided by
demographic details.
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