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Abstract: Although different combinations of nutrition interventions are employed, most are insufficient to reduce stunting 

significantly. This study aimed to draw current evidence to reduce stunting among under 5 years children from randomized 

controlled trials. Eligible randomized controlled trials met inclusion criteria were included. The weighted mean effect sizes with 

95% CIs were used as summary measures for changes in height-for-age z score (HAZ) using random-effect models; heterogeneity 

was analyzed using predefined characteristics. From the total of 116 articles, 47 randomized controlled trials with a sample size of 

35,115 study participants were included for analysis. Except for educational intervention (0.14; 95%CI: 0.00, 0.27), the weighted 

mean effects of iron, zinc, water, sanitation and hygiene (WASH), multiple micronutrients (MMN) and dietary interventions were 

all insignificant. A fixed combination of nutrition interventions demonstrating similar benefit in all contexts is not found. Our 

results are insufficient to make a recommendation on the most appropriate interventions to reduce stunting in all settings. This 

result highlights the importance of further evidence before nutrition component formulation for large-scale interventions. The 

short duration of the interventions and lack of information about the infection status of participants in most of the included trials 

remain two of the possible limitations needing consideration. 
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1. Introduction 

Stunting, wasting, and micronutrient deficiencies, remain 

one of the major challengesamong children younger than 5 

years in developing countries [1]. For effective reduction of 

stunting, it is vital to have a deeper understanding of factors 

contributingto linear growth restrictions [2]. Growth 

restrictions may stem from deficiencies in single nutrients, 

micronutrients, macronutrients, or more commonly, a 

combination of many nutritional deficiencies [3]. 

Globally there are ambitious targets to reduce the 

prevalence of stunting by 40% between 2010 and 2025 [4]. 

Some countries have set even higher goals like the Sekota 

declaration by the government of Ethiopia, to end all forms 

of child undernutrition by 2030 [5]. Although undernutrition 

is commonly associated with food insecurity and hunger, it is 

unclear which nutrition intervention can be most effective in 

a specific context, particularly in countries where 

undernutrition is a continuing problem [6]. 

As noted by previous studies the causes and consequences 

of stunting and growth faltering in most developing countries 

are complex and varied [7-9]. Other studies emphasized 

stunting in infants and young children is related to many 

factors, including socioeconomic status, dietary intake, 

infections, maternal nutritional status, micronutrient 

deficiencies, and various environmental factors [10, 11]. 

Because of this, it is unlikely to formulate a single 

intervention to address child chronic undernutrition 

sufficiently; rather packages of interventions are needed on 

the multitude of causes [12]. A prior study noted that at least 

three key sectors need to engageand contribute to nutrition 

improvements; the agriculture, health, and environment 

sectors [13]. With this background, it can be understood that 

there are numerous ways, both simple and more complex, 

through which nutrition can be integrated into different sector 
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interventions, both at the planning and implementation phase 

[12]. The Lancet series in 2013 highlighted nutrition-

sensitive programming as a key element in reducing 

undernutrition [1], but a multi-dimensional approach, which 

addresses both dietary and non-dietary factors 

comprehensively, would represent an important consideration 

to promote linear growth in early childhood [14]. 

Although, there are well-established, nutrition-specific, 

and sensitive interventions [15], most interventions are 

reported insufficient to reduce stunting particularly in food 

insecure settings [16, 17]. A review conducted to synthesize 

the impacts of nutrition program interventions to reduce 

malnutrition noted that there was no clear pattern of impacts 

on indicators across interventions [18]. 

To address stunting effectively, it is important to understand 

the timing and the ability of individuals to catch up in terms of 

linear growth. But, there is a knowledge gap on the causes of 

undernutrition and the impact of interventions, particularly in 

the agriculture and environment sectors [12]. Given the 

significant role of strong evidence in formulating nutrition 

interventions, there is a need for further evidence particularly 

for nutrition-sensitive approaches [6]. Similarly, the 

importance of selected nutrition interventions directed towards 

the mothers, infants, and young children have been discussed 

by previous studies, the need for further evidence for 

conclusions is re-emphasized [19-21]. On the other hand, the 

vital role of indirect interventions such as behavior change 

communications accompanied by conditional cash transfers 

was noted by researchers to reduce stunting [11, 22]. 

Furthermore, other studies underlined the importance of 

assessing nutrition interventions through the agriculture and 

environment sectors to address the challenges of malnutrition 

fully from a multi-sector perspective [9, 13]. Therefore, the 

present study aimed to draw further evidence on nutrition 

interventions to reduce stunting from randomized controlled 

trials. 

2. Methods 

2.1. Protocol and Registration 

This review was conducted following the PRISMA-P 

(Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses-Protocol) checklist [24]. The protocol is 

registered with PROSPERO under the registration number: 

CRD42019118431 

2.2. Search Strategies 

The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) was used to conduct this study. 

Eligible randomized controlled trials evaluating the effect of 

micronutrients, dietary, water, sanitation, and hygiene and 

educational interventions among children under five years, 

published from 2000 to 2019 were included. The primary 

outcome was a change in linear growth of children as 

measured by HAZ following a specific type of nutrition 

intervention; studies in which HAZ was not reported were 

excluded. 

An electronic search of Medline, Pub Med, Health 

Internetwork Access to Research Initiative (HINARI), 

Google Scholar databases, and the Cochrane Library 

published up to 2019 were conducted. The search was done 

using specific keywords: ("stunting" OR "growth faltering 

among children" OR chronic undernutrition reduction OR 

approach among children AND "determinant factors" OR 

evidence-based nutrition intervention "micronutrient", 

"nutrition education" "water, sanitation and hygiene" "Iron" 

"zinc" "dietary intervention") AND (Randomized control 

trials). A function extracting related articles was used during 

the search process. The full versions of the English-language 

analyzed articles of found papers were used during the 

selection process (Figure 1). 

Selection process 

The research question was framed using the PICO-ST 

(participant, intervention, comparator, outcome, study design, 

and time frame). The criteria of article selection were study 

participants children (under five years), both sexes, all 

ethnicity (P); Intervention to reduce stunting (I); Educational, 

dietary, micronutrient, and WASH interventions (C); 

Reporting the linear growth of the child as measured by 

mean±SD (HAZ) in the results of the study (O); Randomized 

controlled trials (S); and Published from 2000 up to 2019 (T). 

After searching the keywords in the mentioned databases, 

selected studies were imported to the Mendeley reference 

management software, and duplicates were deleted. The title 

and abstracts of the remaining articles were studied by two 

researchers separately and those studies that did not meet the 

mentioned criteria were excluded. Then, the full text of the 

potentially relevant papers was retrieved and read for data 

extraction, quality assessment, and meta-analysis. In the 

cases of disagreements between the two researchers on an 

article, discussions were made to reach an agreement. The 

articles excluded during each screening phase as well as 

reasons for study exclusion during the second phase were 

described using a flow diagram following the PRISMA 

statement [24]. 

2.3. Methodological Quality Assessment 

Studies were assessed for methodological quality using 

the quality assessment tool for quantitative studies 

developed by the Effective Public Health Practice Project 

[25]. The tool has six components (selection bias, study 

design, confounders, blinding, data collection method, 

withdrawals, and dropouts). With this validated instrument 

a global rating as strong (no weak rating), moderate (one 

weak rating), or weak (two or more weak ratings) was 

assigned to each study based on the criteria described in the 

EPHPP dictionary. 

2.4. Data Extraction 

Key descriptive data, including the sample size for 

intervention and control, location of intervention, 

characteristics of the study participants, dose and duration of 
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the intervention (when applicable), and HAZ as an outcome 

of interest were extracted into a standardized form. The 

reported sample size corresponds to the number of subjects 

who completed the intervention. The included studies were 

grouped into six intervention categories: 1) Iron, 2) Zinc, 3) 

MMN (≥3 micronutrients), 4) dietary, 5) WASH and 6) 

Educational interventions. Studies with >1 intervention group 

were treated as independent studies. 

2.5. Summary Measures 

The mean difference of change in HAZ between the 

experimental and control groups or before and after a specific 

intervention with a 95% confidence interval was considered 

as a summary measure. 

2.6. Data Synthesis 

The data from the included studies were analyzed by a meta-

analysis statistical approach using RevMan analytic software 

(version 5.0.25), an inverse variance method. I
2
 statistics were 

used to measure the heterogeneity of the studies, using a 

random model meta-analysis [25]. The funnel plots were 

visually assessed to investigate potential publication bias [26]. 

Sensitivity analysis as done as noted by a previous study [27], 

to assess the effect of one or more influential studies on the 

outcome, by excluding studies using characteristics of the 

comparator: (placebo or other treatment as a comparator 

group), characteristics of the intervention: (range of doses used 

for treatment), characteristics of participants (age <5 yrs or not) 

and location of the study (LMICs or not). 

 
Figure 1. The PRISMA chart used to select the studies for the present review Adopted from Moher et al. 2009 [23]. 

3. Results 

During the initial search, 116 articles were retrieved. 

Next, 27 articles were removed as they were duplicates 

(based on author name, article title, year of publication, and 

journal name) and unrelated articles; 27 more articles were 

excluded due to insufficient data on the outcome of interest. 

PRISMA 2009 flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Potentially relevant RCTs identified and screened 
for relevance  

(n = 116) 

Records after duplicates removed  

(n =89   ) 

Articles included  

(n =62) 

Articles excluded, with reasons, lack of 

access to its full texts  

(n =5) 

Full-text articles assessed 

illegible for inclusion  

(n =52) 

Articles excluded due to insufficient data on 

the outcome of interest, fail to meet the 

criteria of study design  

(n = 27) 

Trials included for synthesis (systematic review and meta analysis) 

(n = 47) 

Id
e

n
ti

fi
ca

ti
o

n
 

S
cr

e
e

n
in

g
 

E
li
g

ib
il
it

y
 

In
cl

u
d

e
d

 

• Iron interventions(n= 6) 

• Zinc  interventions(n= 6 ) 

• Multiple micronutrient intervention(n=10) 
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• WASH  interventions(n= 8) 
 

Full-text articles excluded, with reasons, fail 

to meet the age limit of the study participants 

and publication year before 2000  

(n = 10) 
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The full texts of 62 articles were read and 15 articles were 

deleted due to the age limit of the study participants and 

lack of access to its full texts (Figure 1). In this way, 47 

studies all RCTs with a total sample size of 35,115 

participants (supplemental docs), investigating the effects 

of the six major packages of interventions on the outcome 

of interest were evaluated. The numbers of study 

participants range from 28 [28] to 3046 [29]. The selected 

trials reported the effects of specific nutrition interventions 

on HAZ in low and middle-income countries (LMICs) 

mostly in food-insecure settings. Most included studies 

were of strong quality. Moderate quality was assessed for 

four studies, and one study assessed as weak (Supplemental 

Table 2). 

3.1. Iron Supplementation 

A total of six studies were included in the meta-analysis. 

The number of participants in each study ranged from 28 to 75 

and all were under five years of age. The dose of iron ranged 

from 1 to 60 mg/d. Except in one study [30], the daily dose of 

iron was related to deficiency level and the bodyweight of the 

child. The duration of supplementation lasted from 3 to 6 mo. 

Effect sizes for change in HAZ ranged from -0.94 to 0.23. 

There was significant heterogeneity (P = 0.001). The overall 

mean effect was not statistically significant -0.12 (95% CI: -

0.39, 0.14) (Figure 2). Sensitivity analyses excluding the study 

with the highest doses of iron used for treatment [28] -0.15 

(95%CI: -0.52, 0.23) did not alter the conclusions. 

3.2. Zinc Supplementation 

 
Figure 2. Forest plots for the effect iron supplement on HAZ of children under five years. 

Six studies were included for analysis with the number of 

participants ranging from 64 to 1193, all less than five years. 

The dose of zinc ranged from 7 to 15 mg/d with a 4 to 10 mo 

supplementation duration. Effect sizes for change in HAZ 

ranged from -0.02 to 0.46. Most of the studies (83%) 

reported a positive effect size, even though the overall mean 

effect was statistically insignificant (0.03; 95% CI:-0.03, 

0.08) (Figure 3). Sensitivity analyses excluding studies in 

which zinc supplementation was more than 10 mg (0.05; 

95%CI:-0.02, 0.12) did not alter the conclusions. 

 
Figure 3. Forest plots for the effect zinc supplement on HAZ of children under five years. 

3.3. MMN Supplementations 

A total of 10 studies were included in the analysis. The 

number of study participants ranged from 49 to 267. All 

interventions contained zinc and iron with a study duration 

lasting from 23 wk to 6 mo. Effect sizes for change in HAZ 

ranged from -0.94 to 0.35, and there was significant 

heterogeneity (P = 0.001). The overall mean effect was not 

statistically significant (-0.07; 95% CI:-0.20, 0.06) (Figure 

4). Sensitivity analyses excluding a study that used another 

treatment as a comparator group [31] (-1.0; 95% CI: -0.24, 

0.03) did not alter the conclusions. 

 

Study or Subgroup

Dewey (2002)

Dewey (2002a)

Dossa (2001)

Hop (2005)

Smuts (2005)

Untoro (2005)

Total (95% CI)

Heterogeneity: Tau² = 0.09; Chi² = 41.15, df = 5 (P < 0.00001); I² = 88%

Test for overall effect: Z = 0.90 (P = 0.37)

Mean

0.17

-1.2

0.17

-1.39

-0.93

-1.51

SD

0.8

1.02

0.36

0.09

0.91

0.87

Total

30

40

33

75

49

69

296

Mean

0.21

-1.28

0.16

-1.37

-1.16

-0.57

SD

0.84

0.99

0.42

0.09

0.94

0.83

Total

36

42

28

73

50

65

294

Weight

14.4%

13.5%

19.0%

21.2%

15.1%

16.9%

100.0%

IV, Random, 95% CI

-0.04 [-0.44, 0.36]

0.08 [-0.36, 0.52]

0.01 [-0.19, 0.21]

-0.02 [-0.05, 0.01]

0.23 [-0.13, 0.59]

-0.94 [-1.23, -0.65]

-0.12 [-0.39, 0.14]

Iron suplement Placebo Mean Difference Mean Difference

IV, Random, 95% CI

-1 -0.5 0 0.5 1
Placebo Iron suplement

Study or Subgroup

Barffour ( 2019)

Fahmida (2007)

Penny (2005)

Rerkusppaphol (2017)

Taneja (2010)

Wuehler (2008)

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 9.18, df = 5 (P = 0.10); I² = 46%

Test for overall effect: Z = 0.85 (P = 0.40)

Mean

-1.93

-2.19

0.16

0.06

-0.14

-2.15

SD

0.97

0.92

0.44

1.13

0.44

0.27

Total

739

180

71

60

1093

110

2253

Mean

-1.93

-2.26

0.1

-0.4

-0.12

-2.19

SD

1

0.88

0.43

0.95

0.43

0.38

Total

740

180

75

64

1133

108

2300

Weight

18.9%

8.1%

12.3%

2.4%

36.5%

21.8%

100.0%

IV, Random, 95% CI

0.00 [-0.10, 0.10]

0.07 [-0.12, 0.26]

0.06 [-0.08, 0.20]

0.46 [0.09, 0.83]

-0.02 [-0.06, 0.02]

0.04 [-0.05, 0.13]

0.03 [-0.03, 0.08]

Zinc suplement Placebo Mean Difference Mean Difference

IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5

Placebo zinc suplement
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Figure 4. Forest plots for the effect MMN supplement on HAZ of children under five years. 

3.4. Dietary Intervention 

Nine studies that examined the impact of complementary 

food interventions on the linear growth of children were 

identified and included in the meta-analysis. All data were 

obtained from studies conducted in LMICs. The number of 

subjects ranged from 30 to 1312 and study participants in all 

studies were less than 5 yr except in one study which was 3-

6yrs [32]. The complimentary food was supplemented daily 

in all studies and the duration of intervention lasted from 6 to 

18 mo. Effect sizes for change in HAZ ranged from -0.38 to 

0.60. There was significant heterogeneity (P = 0.0002). The 

overall mean effect was not statistically significant (0.01; 

95%CI: -0.08, 0.06) (Figure 5). Sensitivity analyses 

excluding the study with an age range of more than 5 years (-

0.05; 95% CI: -0.12, 0.03) but did not alter the conclusions. 

 
Figure 5. Forest plots for the effect dietary intervention on HAZ of children under five years. 

3.5. Nutrition Education Interventions 

Eight trials were included for the Meta-analysis and all 

studies were conducted primarily in LMICs. Participants in 

each study ranged from 97 to 488 and the age of subjects 

ranging from birth to 59 mo. The intervention was 

administered to the child’s mother. The duration of 

intervention ranged from 5 to 12 mo. The effect sizes for 

change in HAZ ranged from -0.35 to 0.41 (Figure 6). Most 

datasets (88%) had a positive effect size, and three were 

statistically significant. There was significant heterogeneity 

(P < 0.00001). One study [33] was identified as a possible 

outlier because of extreme effect sizes. The overall weighted 

mean effect was found positive; 0.14 (95% CI: 0.00, 0.27) 

and 0.17 (95% CI: 0.04, 0.30) with and without the potential 

outlier. 

 

Study or Subgroup

Alarcon (2004)

Berger (2006)

Fahmida (2007)

Hop (2005)

Lombard (2005)

Lopez (2005)

Olney (2006)

Rahman (2002)

Smuts (2005)

Untoro (2005)

Total (95% CI)

Heterogeneity: Tau² = 0.03; Chi² = 69.27, df = 9 (P < 0.00001); I² = 87%

Test for overall effect: Z = 1.00 (P = 0.32)

Mean

-0.54

-1.51

-1.48

-1.28

1.21

-0.84

-0.34

-2.47

-1.11

-1.51

SD

1.14

0.79

0.94

0.09

0.9

1

0.25

1.1

0.98

0.85

Total

110

187

199

76

267

63

56

171

49

66

1244

Mean

-0.89

-1.42

-1.47

-1.37

1.37

-1

-0.35

-2.3

-1.16

-0.57

SD

1.15

0.82

0.94

0.09

1.04

0.9

0.26

1.2

0.94

0.83

Total

104

195

199

73

257

72

58

160

50

65

1233

Weight

7.9%

11.5%

10.9%

13.8%

11.3%

7.6%

13.0%

9.3%

6.5%

8.3%

100.0%

IV, Random, 95% CI

0.35 [0.04, 0.66]

-0.09 [-0.25, 0.07]

-0.01 [-0.19, 0.17]

0.09 [0.06, 0.12]

-0.16 [-0.33, 0.01]

0.16 [-0.16, 0.48]

0.01 [-0.08, 0.10]

-0.17 [-0.42, 0.08]

0.05 [-0.33, 0.43]

-0.94 [-1.23, -0.65]

-0.07 [-0.20, 0.06]

multiple micronutrient Placebo Mean Difference Mean Difference

IV, Random, 95% CI

-1 -0.5 0 0.5 1
Placebo multiple micronutrient

Study or Subgroup

Adu-afarwuah (2007)

Christian (2015)

Iannotti (2017)

Ihab (2014)

Ihab (2014a)

John (2008)

Krebs (2012)

Lopriore (2004)

Olaya (2013)

Total (95% CI)

Heterogeneity: Tau² = 0.05; Chi² = 34.73, df = 8 (P < 0.0001); I² = 77%

Test for overall effect: Z = 0.98 (P = 0.33)

Mean

-0.14

-1.43

-1.39

-1.46

-1.96

-0.59

-2.04

-2.68

-1.12

SD

1.22

1.1

1.35

0.62

1.12

1.22

1.33

0.59

1.1

Total

97

789

75

30

30

54

532

106

38

1751

Mean

-0.74

-1.33

-1.71

-1.58

-1.58

-0.74

-1.89

-3

-1.02

SD

0.95

1.04

1

0.72

0.72

0.95

1.42

0.68

1

Total

81

1312

73

30

30

57

530

45

38

2196

Weight

11.1%

16.1%

9.6%

10.6%

7.8%

9.1%

14.8%

13.3%

7.8%

100.0%

IV, Random, 95% CI

0.60 [0.28, 0.92]

-0.10 [-0.20, -0.00]

0.32 [-0.06, 0.70]

0.12 [-0.22, 0.46]

-0.38 [-0.86, 0.10]

0.15 [-0.26, 0.56]

-0.15 [-0.32, 0.02]

0.32 [0.09, 0.55]

-0.10 [-0.57, 0.37]

0.09 [-0.09, 0.27]

New complementary food usual diet Mean Difference Mean Difference

IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Usual diet New complementary food
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Figure 6. Forest plots for the effect educational intervention on HAZ of children under five years. 

3.6. Water Sanitation and Hygiene Intervention 

Eight randomized trials were identified all conducted in 

LMICs. The number of subjects in each study ranged from 

570 to 3046 and age ranged from birth to 59 mo. WASH 

interventions were administered as water treatment, proper 

toilet utilization, and hand washing. The duration of 

intervention ranged from 18 mo to 5 years. The effect sizes 

for change in HAZ ranged from -0.07 to 0.22 (Figure 7). The 

majority of datasets (63%) had a positive effect size, and two 

were statistically significant. There was significant 

heterogeneity (P < 0.00001) and the overall weighted mean 

effect was 0.05 (95%CI: -0.03, 0.13) 

 
Figure 7. Forest plots for the effect WASH intervention on HAZ of children under five years. 

4. Discussion 

The key findings of this review are summarized in Table 2 

(Supplemental docs). The individual interventions of iron, 

zinc, MMN containing iron and zinc, complimentary food, 

and WASH did not result in improved linear growth of 

children under five years of age, whereas interventions 

providing nutrition education had a significant positive effect 

(0.14; 95% CI: 0.00, 0.27) on linear growth. A range of 

sensitivity analyses using different assumptions for the 

change in HAZ did not alter these conclusions. Previous 

studies have reported that associations between iron-

deficiency anemia and impaired linear growth may stem from 

impaired immunity, decreased appetite, and thyroid hormone 

metabolism [27, 34-35]. Several previous reviews and meta-

analyses [36-39] reported an impact of iron supplementation 

on the linear growth of children. Even though iron 

supplementation is one of the most widely practiced nutrition 

interventions, except for one study [28]; most of the trials in 

our review did not show a positive impact of iron 

supplementation on the linear growth of children [32, 40-42]. 

This indicates that iron supplementation as a single 

intervention is insufficient to improve the linear growth of 

children. Our analysis also showed inconsistent results in 

different settings. In line with previous studies the effects of 

iron supplementation on child health varied by the extent of 

malaria and iron deficiency [43]. Despite methodological 

differences, our findings were consistent with previous 

reviews [27, 36, 44]and contribute to the growing body of 

evidence suggesting that iron supplementation as a single 

intervention is ineffective in promoting the linear growth of 

children. 

 

Study or Subgroup

Kuchenbecker (2017)

Martinez (2018)

Penny (2005)

Roy (2007)

Salehi (2004)

Santos (2001)

Waswa (2015)

Zaman (2008)

Total (95% CI)

Heterogeneity: Tau² = 0.03; Chi² = 36.27, df = 7 (P < 0.00001); I² = 81%

Test for overall effect: Z = 2.03 (P = 0.04)

Mean

-1.79

-3.42

-0.81

-1.9

0.97

-0.37

-1.85

-1.58

SD

1.15

0.25

0.8

0.93

1.7

0.97

1.31

1.58

Total

493

145

187

290

406

195

110

142

1968

Mean

-1.85

-3.43

-1.19

-2.15

0.56

-0.41

-1.5

-1.71

SD

1.1

0.29

0.83

0.99

1.5

0.81

1.41

1.24

Total

465

151

190

282

405

209

97

142

1941

Weight

14.5%

16.9%

13.8%

14.0%

11.8%

13.4%

7.3%

8.4%

100.0%

IV, Random, 95% CI

0.06 [-0.08, 0.20]

0.01 [-0.05, 0.07]

0.38 [0.22, 0.54]

0.25 [0.09, 0.41]

0.41 [0.19, 0.63]

0.04 [-0.13, 0.21]

-0.35 [-0.72, 0.02]

0.13 [-0.20, 0.46]

0.14 [0.00, 0.27]

Nutrition education Control Mean Difference Mean Difference

IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Control Nutrition education

Study or Subgroup

Fenn (2012)

Luby (2018) hand washing

Luby (2018) sanitation)

Luby (2018) Water

Null  (2018) handwashing

Null (2018) sanitation

Null (2018) water

Pickering (2015)

Total (95% CI)

Heterogeneity: Tau² = 0.01; Chi² = 39.88, df = 7 (P < 0.00001); I² = 82%

Test for overall effect: Z = 1.16 (P = 0.25)

Mean

-2.12

-1.85

-1.8

-1.79

-1.6

-1.61

-1.58

-1.6

SD

1.15

0.99

1.07

1.01

1.06

1.13

1.08

1.2

Total

863

570

579

595

700

744

719

3273

8043

Mean

-2.34

-1.86

-1.86

-1.86

-1.54

-1.54

-1.54

-1.77

SD

1.17

1.07

1.07

1.07

1.11

1.11

1.11

1.2

Total

1036

1103

1103

1103

1535

1535

1535

3046

11996

Weight

12.1%

12.2%

12.0%

12.2%

12.5%

12.4%

12.5%

14.2%

100.0%

IV, Random, 95% CI

0.22 [0.12, 0.32]

0.01 [-0.09, 0.11]

0.06 [-0.05, 0.17]

0.07 [-0.03, 0.17]

-0.06 [-0.16, 0.04]

-0.07 [-0.17, 0.03]

-0.04 [-0.14, 0.06]

0.17 [0.11, 0.23]

0.05 [-0.03, 0.13]

WASH intervention No WASH intervention Mean Difference Mean Difference

IV, Random, 95% CI

-0.2 -0.1 0 0.1 0.2
No WASH intervention WASH intervention
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Table 1. Summary estimates for the weighted mean effect sizes of HAZ (95% CIs) for each intervention (supplemental docs). 

Outcome Iron Zinc MMNa DIb WASH NEc 

n 590 4553 2477 3947 20039 3909 

HAZ -0.12 (-0.39, 0.14) 0.03 (-0.03, 0.08) -0.07 (-0.20, 0.06) 0.09 (-0.09, 0.27) 0.05 (-0.03, 0.13) 0.14 (0.00, 0.27) 

MMNa-Multiple micronutrientCFb- Dietary interventionNEc-Nutrition education 

Table 2. Quality rating of the included randomized control trials according to effective public health practice projects qualitative assessment tool for 

quantitative studies. 

Author/year 
Selection 

bias 
Study design 

Confound

ers 
Blinding 

Data 

collection 

Withdrawals 

and drop out 

Overall quality 

assessment 

Adu-afarwuah et al. (2007) 2 1 3 2 1 1 Moderate 

John et al. (2008) 1 1 1 1 1 1 Strong 

Alarcon et al. (2004) 1 1 1 1 1 1 Strong 

Rahman et al. (2002) 1 1 2 2 1 1 Strong 

Berger et al. (2006) 1 1 1 1 1 1 Strong 

Olney K et al. (2006) 1 1 1 1 1 1 Strong 

Smutset al. (2005) 1 1 1 1 1 1 Strong 

Lópezet al. (2005) 1 1 2 2 1 1 Strong 

Rerksuppaphol et al.(2017) 1 1 1 1 1 1 Strong 

Penny et al. (2004) 1 1 1 1 1 1 Strong 

Taneja et al. (2010) 1 1 1 1 1 1 Strong 

Fahmida et al. (2007) 1 1 2 2 1 1 Strong 

Wuehler et al. (2008) 1 1 1 1 1 1 Strong 

Barffour et al. (2019) 1 1 1 1 1 1 Strong 

Untoro et al. (2005) 1 1 1 1 1 1 Strong 

Hopet al. (2005) 1 1 2 2 1 1 Strong 

Smuts et al. (2005) 1 1 1 1 1 1 Strong 

Dewey et al. (2002) 2 1 3 2 1 1 Moderate 

Hallamaa et al. (2018) 1 1 1 1 1 1 Strong 

Fennet al. (2012) 1 1 3 1 1 1 moderate 

Keenan et al. (2019) 1 1 2 2 1 1 Strong 

Christian et al. (2015) 1 1 1 1 1 1 Strong 

Iannotti et al. (2017) 1 1 1 1 1 1 Strong 

Olaya et al. (2013) 2 1 1 1 1 1 Strong 

Hadi et al. (2000) 1 1 1 1 1 2 Strong 

Dossa et al. (2001) 1 1 2 1 1 1 Strong 

Khan et al. (2011) 1 1 1 2 2 1 Strong 

Krebs et al. (2012) 2 3 1 1 1 1 Moderate 

Masudaet al. (2019) 1 1 1 1 2 1 Strong 

Lopriore et al. (2004) 1 1 1 1 1 1 Strong 

Ihabet al. (2014) 1 1 1 1 1 1 Strong 

Martinezet al. (2018) 1 1 1 2 1 1 Strong 

Kuchenbeckeret al (2017) 1 1 1 1 1 1 Strong 

Nikièma et al. (2017) 1 1 1 1 1 1 Strong 

Nair et al. (2017) 1 1 1 2 1 1 Strong 

Penny et al. (2005) 1 2 1 2 1 1 Strong 

Zaman et al. (2008) 1 1 3 1 3 1 Weak 

Royet al.(2007) 1 1 1 1 1 1 Strong 

Waswa et al. (2015) 1 1 2 2 1 1 Strong 

Salehi et al. (2004) 1 1 1 1 1 1 Strong 

Santos et al. (2001) 1 1 1 1 1 1 Strong 

Pickeringet al. (2015) 1 1 1 1 1 1 Strong 

Luby et al. (2018) 1 1 1 1 1 1 Strong 

Null et al. (2018) 1 1 1 1 1 1 Strong 

Lombard et al. (2005) 1 1 1 1 1 1 Strong 

 

Similarly, studies have noted associations between zinc 

deficiency and impaired linear growth associated with 

impaired immunity and appetite of the child, resulting in 

short stature in childhood and adult life too, it is also an 

essential micronutrient that has a vital role in the linear 

growth of children particularly on bone formation [45, 46]. 

With this regard, it is expected that moderate-to-severe zinc 

deficiency in children resulted in growth faltering. For this 

reason, the effect of zinc supplementation on linear growth 

has been a focus of previous meta-analyses [7, 36, 47, 48, 45]. 

In our review even though the final effect of zinc on linear 

growth was not statistically significant, most of the 

individual trials showed the positive effect of zinc on the 

linear growth of children. 

In contrast, other systematic reviews [47, 45] reported a 

significant effect of zinc supplementation on the linear 
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growth of children; of course, there is considerable 

variability in inclusion criteria compared with our review. 

The result of our analysis suggests that zinc supplementation 

does not have a consistent effect on the growth of children 

when implemented in different settings. Possibly the 

difference in the effect of the intervention might arise from 

the variation in other related intervention components in 

different intervention areas; which results in the change in 

the overall effect of a particular intervention. 

The overall mean effect of MMN interventions was not 

significant on the linear growth of children <5 y of age in a 

random effect model. Previous studies reported inconsistent 

effects of MMN on the linear growth of children. Some 

reported non-significant effects of MMN compared to single 

micronutrients [7, 28, 49-51]; and other studies contradicted 

these findings [36, 52]. 

We have limited information on how specific study 

settings and individual factors influence the impact of MMN 

interventions. As noted by one study the magnitude of the 

effect of MMN interventions may vary by the background 

prevalence of different micro-nutrient deficiencies or 

infections [36]. Another previous randomized trial reported 

better effects on linear growth when MMN was 

supplemented with fat-based food than with usual home-

prepared complementary foods [49]. This shows the effect 

modification of fat-based complimentary food on 

micronutrient supplementation above and beyond the usual 

complimentary food in a specific context. Taking all into 

account, together with other nutrition interventions MMN 

supplementations should be promoted as a holistic strategy to 

address stunting particularly in food insecure settings where 

the dietary quality is low. Overall the findings of our analysis 

reemphasize the importance of evidence in a specific context 

to clarify the potential effects of nutrition intervention 

packages before formulating nutrition program 

implementations. 

Growth faltering has been associated with overall poor diet 

quality, mainly low intake of animal source foods [53]. 

However, the results from our review suggest that the overall 

mean effect of modifying complimentary food was not 

statistically significant to improve the linear growth of 

children. Our analysis was limited by the small number of 

studies (n=9) and by significant heterogeneity, which is not 

surprising because food-based interventions can take many 

forms. Some of the trials use fortified complementary food, 

some of them animal source foods, and others used new 

complementary feeding guidelines. Except for two trials [32, 

49], most individual trials in our review showed the 

insignificant result of complementary feeding intervention on 

the linear growth of children. These might be due to the 

shorter duration of interventions and length of follow-up of 

the included studies. Stunting results from long-term 

nutritional insult; the short duration of most trials (6 mo) may 

not be long enough to observe a significant effect on the 

height of the child. The positive effects in most cases may 

result from the growth-promoting effects of fat-based 

fortified complementary food. 

On the other hand, proper child feeding practices to 

prevent malnutrition among children could be enhanced by 

providing nutrition education for caregivers to appropriately 

feed their children with safe and adequate complementary 

foods [33]. The present review showed the overall mean 

effect of nutrition education to be statistically significant; 

even though the results had significant heterogeneity. Most 

likely it is because nutrition education interventions are 

different in approach, frequency, and duration. In our review 

considerable variations were observed in the types of 

educational messages delivered: demonstration of recipe 

preparation, community-based mass intervention or 

individual counseling, testing the effect of training the 

nutrition educators, or evaluating effects of nutrition 

education models. Our analysis suggests that educational 

interventions can improve feeding practices which lead to 

improved growth outcomes if complemented with other 

nutrition interventions. 

An association between WASH interventions and the 

linear growth of children has been reported [54-56]. Most of 

the individual trials in our review showed a positive impact 

of WASH intervention on the linear growth of children [21, 

29]. But the overall mean effect was of WASH was not 

statistically significant for improved linear growth. This 

shows that WASH as a single intervention is not sufficient to 

improve linear growth, but, our review suggests WASH 

interventions as one of the main strategies to reduce stunting 

in poor settings if complemented with other evidence-based 

interventions. Despite the good quality of most included 

trials; the shorter duration of intervention and lack of 

information about the infection status of study participants by 

most of the trials remain among possible limitations that need 

consideration. 

5. Conclusion 

In conclusion, nutrition education intervention provided 

significant positive effects on the linear growth of children. 

However, the results of the present analysis are insufficient to 

make a recommendation concerning the most appropriate 

intervention components to improve the linear growth of 

children in all settings. Even though a combination of 

interventions results in greater improvements in the linear 

growth of children in some settings, which combination of 

nutrition interventions most effectively reduce stunting in a 

specific context is unclear. Therefore to achieve significant 

effects on the reduction of stunting, particularly in food 

insecure settings where the magnitude of chronic 

undernutrition is high, evidence about the specific context is 

vital before nutrition program formulation. Furthermore, this 

approach enables efficient resource utilization. Factors 

contributing to stunting are present even before a child is 

born; therefore, strategies must be focused on a life course 

approach and these strategies should get due attention by 

nutrition program implementers and policymakers. 

The findings of our study are supporting evidence for the 

WHO recommendation of considering contextual factors on 
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nutrition program implementation for significant reductions 

in stunting prevalence. Our results also highlighted a need for 

further trials with longer durations and extended periods of 

subject follow-up. 
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