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Abstract

Background—Toddler-aged children are vulnerable to unintentional injuries, especially those in 

low-income families.

Objective—To examine the effectiveness of an intervention grounded in social cognitive theory 

(SCT) on the reduction of home safety problems among low-income families with toddlers.

Methods—277 low-income mother–toddler dyads were randomised into a safety promotion 

intervention (n=91) or an attention-control group (n=186). Mothers in the safety promotion 

intervention group received an eight-session, group-delivered safety intervention targeting fire 

prevention, fall prevention, poison control and car seat use, through health education, goal-setting 

and social support. Data collectors observed participants’ homes and completed a nine-item 

checklist of home safety problems at study enrolment (baseline), 6 and 12 months after baseline. A 

total score was summed, with high scores indicating more problems. Linear mixed models 

compared the changes over time in home safety problems between intervention and control 

groups.
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Results—The intent-to-treat analysis indicated that the safety promotion intervention group 

significantly reduced safety problems to a greater degree than the attention-control group at the 

12-month follow-up (between-group difference in change over time (β=−0.54, 95% CI −0.05 to 

−1.03, p=0.035), with no significant differences at the 6-month follow-up.

Conclusions—A safety promotion intervention built on principles of SCT has the potential to 

promote toddlers’ home safety environment. Future studies should examine additional strategies to 

determine whether better penetration/compliance can produce more clinically important 

improvement in home safety practices.

INTRODUCTION

Unintentional injuries are the leading cause of morbidity and mortality among children, with 

higher rates in low-income families in the USA.1,2 The U.S. National Center for Health 

Statistics estimates that in 2014, 6347 children age 0–18 years died from an unintentional 

injury—approximately 17 deaths/day.2 In 2010, the estimated cost of unintentional 

childhood injuries approached $85 billion.3 In 2012, the CDC initiated the National Action 

Plan for Child Injury Prevention to identify child safety promotion strategies.

Young children are especially vulnerable to unintentional injuries. In 2014, 2377 children 

under age 4 died from an unintentional injury and approximately 2.5 million sustained a 

non-fatal unintentional injury in the USA.2 Hospital emergency department records show 

that home safety problems (eg, no smoke alarm) increase the risk for unintentional injuries 

among young children.4 Most safety promotion trials for young children have been 

conducted in conjunction with primary healthcare visits, focusing on distribution of safety 

aids or installation of home safety devices, or improving parent knowledge,5–17 with mixed 

effects.18 Theory-guided interventions that include caregiver self-efficacy and motivation to 

adopt safety-promoting behaviours may be effective.19–21

Social cognitive theory (SCT) offers a theoretical basis for behavioural interventions by 

advancing principles of goal-setting and self-efficacy in a social support context.22 Goal-

setting is a strategy for organising behaviour change into practical and manageable steps and 

self-efficacy promotes adoption and maintenance of health behaviours.2324 Few safety 

promotion interventions have incorporated goal-setting and self-efficacy.25

We conducted a randomised, parallel group trial of safety promotion versus two obesity 

prevention trials (maternal diet/physical activity or toddler feeding behaviour) among low-

income mothers with toddlers. The intervention groups were similar in structure (eight 

sessions with healthy snacks and child care), attention, location and underlying theory 

(SCT), using goal-setting in a social support context. The content was home safety 

promotion (intervention) or obesity prevention (attention-control). This paper examines the 

efficacy of the safety promotion intervention, in comparison with an attention-control 

intervention, in reducing home safety problems 6 and 12 months following enrolment and 

explores whether maternal self-efficacy mediates the intervention effect.
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METHODS

Participants

Biological mothers of toddlers were recruited by research assistants in 2007–2010 from a 

Special Supplemental Nutrition Program for Women, Infants and Children clinic serving a 

semiurban community and a paediatric primary care clinic serving a low-income urban 

community. Inclusion criteria for mothers: age >18 years and not pregnant; for children: age 

12–32 months, term birth, birth weight >2500 g, independent ambulation and no congenital 

or disabling conditions. Mother–toddler dyads participated in a baseline evaluation including 

demographics, maternal and toddler anthropometrics, and home safety problem assessment. 

The design included three interventions: (1) safety, (2) maternal diet/physical activity and (3) 

toddler feeding behaviour. After a cohort of ~30 dyads completed baseline, statisticians 

created SPSS randomisation syntax by generating random numbers, adopting a 

randomisation ratio of 1:1:1, stratified by maternal overweight/obesity (yes vs no) and birth 

order (first vs others). The project coordinator assigned the participants to interventions. The 

intervention group information was concealed to the mothers until attending the first session. 

For analyses, the two non-safety groups were combined. Recruitment stopped at the planned 

sample size of 277, based on a priori power analysis with STATA SAMPSI.26 The analysis 

assumed a repeated-measures correlation coefficient of 0.7, with 35% follow-up loss, and 

allows power (>80%) to detect a small-medium effect (Cohen’s d = 0.3).27

At recruitment closing, 509 mother–toddler dyads were screened; 4 were ineligible, 201 

refused and 27 had incomplete assessments, leaving 277 (figure 1) with 91 safety 

intervention group members and 186 in the two attention-control groups. Mothers’ mean age 

was 27.3 years (SD 6.2, range 18.0–46.3), 72% single, widowed or divorced, 68% non-

Hispanic black, 26% non-Hispanic white and 6% other racial/ethnic groups (table 1). Also, 

81% completed high school/equivalent and 69% lived at/below the federal poverty line. 

Residence was 60% urban, 40% semiurban. Toddlers’ age ranged from 11.9 to 31.9 months 

(mean 20.1, SD 5.5) and 53% were males.

Intervention

The protocol was approved by university and state Department of Health and Mental 

Hygiene ethical review boards. Written informed consent was obtained and participants 

were compensated for evaluations.

Based on the suggestions by American Academy of Pediatrics Committee on Injury, 

Violence and Poison Prevention guidelines on toddler safety,28 we targeted four toddler 

safety areas: fire prevention including prevention of exposed wires, non-covered outlets and 

installing/checking smoking detectors, fall prevention including using stair gate and 

repairing dangerous balcony, unsafe handrails etc, poison control including installing child-

resistant latches on medication storage/cleaning supplies cabinets or avoiding paints or other 

poisons, and car seat use. Local safety providers (eg, Fire Department, Maryland Kids in 

Safety Seats) provided material and training and collaborated on the development of a 

manualised safety protocol, including information and hand-outs on free/inexpensive car 

seats, free smoke detectors, inexpensive stair gates and locking cabinets. The safety 
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intervention was conducted in two community sites (church and preschool), located close to 

recruitment sites and participants’ homes. The intervention included eight sessions (four 

group, three telephone and a final review/celebration group). Health educators led the 

sessions using SCT principles, including self-monitoring, goal-setting, feedback, self-

instruction and social support in a friendly, supportive context. Group activities (eg, sharing 

cabinet locking strategies) were conducted to build skills, encourage modelling, promote 

perceptions of social norms endorsing toddler safety over convenience, provide social 

support and build self-efficacy. During telephone sessions, mothers and health educators 

discussed specific safety goals, barriers and enablers.

The attention-control groups received a similarly designed intervention, focusing on 

promoting maternal diet/physical activity or toddler feeding behaviour. All groups received 

child-care, healthy snacks and compensation for transportation.

Compliance

Attendance was similar across groups (eg, 65/91 (71%) safety promotion and 131/186 (70%) 

attention control for attendance ≥1 session, p>0.10; for details, see figure 1). The mean 

number of sessions was equal across groups: 5.5 (SD 2.4). 30% did not attend any sessions, 

reporting transportation and work schedule issues.

Evaluations

The data collectors (not health educators), blinded to intervention group assignments, 

conducted evaluations at baseline, 6 and 12 months following baseline. In total, 277 mothers 

completed baseline assessment, including 8 who refused home safety observation (other 

evaluations conducted in clinics, figure 1). Refusal was higher among semiurban compared 

with urban mothers (6.4% vs 0.6%, p = 0.007) and among unmarried, compared with 

married mothers (6.0% vs 2.0%, p = 0.042), but did not differ in other mother/toddler 

characteristics. Mother–toddler dyads were re-evaluated 6 and 12 months following baseline 

(n = 181, 65%, and n=214, 77%, respectively). At 6 months, mothers lost to follow-up had 

higher baseline safety problem scores than evaluated mothers (3.1 vs 2.6, p = 0.041). At 12 

months, mothers lost to follow-up did not differ in baseline home safety problems or any 

other variable from evaluated mothers.

Measures

Home safety problems (primary outcome)—Data collectors observed home safety 

using a nine-item checklist of danger/safety features, adapted from Healthy Homes 

Maintenance Checklist by the National Center for Healthy Housing,29 and the Household 

Safety Checklist by KidHealth from Nemours.30 The observations included yes/no 

responses: (1) exposed wires; (2) covered outlets; (3) working smoke detector on each floor; 

(4) stair gate for toddlers in homes with stairs; (5) dangerous balcony/porch; (6) unsafe 

outside handrails/steps/stairs; (7) chipped/peeled paint; (8) peeling paint/broken plaster 

>81/2 by 11 inches and (9) child-resistant latches on cleaning supply/medication cabinets. 

Car seat use could not be observed and was excluded. Data collectors received training to 

maximise observation reliability (eg, definitions of ‘dangerous balcony/porch’); inter-rater 

reliability exceeded 90%. Some participants refused inspection of certain areas of the homes. 
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In total, 212 out of 269 (79%), 140 out of 181 dyads (77%) and 161 out of 214 (75%) homes 

were observed without missing values for any item at baseline, first and second follow-ups, 

respectively. There is no recommendation for stair gate use for toddlers ≥24 months. Missing 

and ineligible items (eg, no stairs, stair gate use for toddler ≤24 months) were substituted 

with participant-level mean. A summary score was calculated, ranging from 0 to 9 

(Cronbach’s α=0.6); high scores indicate more safety problems.

Safety-related self-efficacy—Self-efficacy is behaviour-specific,31 measured with three 

questions related to smoke alarms, cleaning supplies and stair gates, such as ‘How sure are 

you that you can have and test smoke alarms on each floor of your house?’ with four-level 

responses ranging from 0 = ‘I know I cannot’, to 3 = ‘I know I can’. Due to skewness, 

responses were recoded into two levels: 1 = ‘I know I can’ vs 0 =‘other responses’. A 

summary score (range 0–3) was created; higher scores indicate higher self-efficacy.

Other variables—Mothers reported age, race/ethnicity, marital status and years of 

education. Urban/semiurban residence was based on recruitment site. Poverty ratio was 

calculated based on the federal threshold using mother-reported total family income and 

number of household members. Mothers reported toddlers’ birth date and gender.

Analyses

Preliminary analyses compared baseline characteristics of mothers/toddlers by intervention 

status, with t-tests for continuous and χ2 tests (or Fisher’s exact test) for categorical 

variables.

Both intent-to-treat (ITT) analyses and per-protocol analyses were conducted and compared. 

The home safety problem score was normally distributed (skewness=0.63). Linear mixed 

modelling (LMM, SAS PROC Mixed) assessed the intervention effect, accounting for 

clustering of repeated measures within individuals.32 Time (baseline, 6 months and 12 

months) was recoded into dummy variables. Interactions between intervention status and 

time were included. We estimated within-group change of outcome over time and compared 

the change between the two parallel groups (intervention vs attention-control). Covariates 

were adjusted if related to missingness or compliance. We found no difference by inclusion/

exclusion of stair gate use (toddlers <24 months) from home safety score; results include 

stair gate use.

ITT analyses included all the participants who were randomly assigned. To examine whether 

ITT underestimates the intervention effect given the low compliance (30% mothers did not 

attend any intervention sessions), we conducted a per-protocol analysis, restricted to 

compliers.33,34 Per-protocol analysis could lead to bias when randomisation is violated after 

excluding non-compliers. The primary intervention topic (safety, maternal diet/physical 

activity and toddler feeding behaviour) was introduced in the first session. The participants’ 

decision on attendance of >1 session may have been related to the specific topic. Therefore, 

we defined compliers as participants who attended ≤1 session and non-compliers as 

participants who did not attend any sessions. We compared baseline characteristics by 

intervention status and compliance, and examined the intervention effect among compliers 

and non-compliers for comparison.
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To explore self-efficacy as a mediator, as predicted by SCT, we assessed (1) the relation 

between self-efficacy and outcome at baseline, (2) the relation between self-efficacy change 

and outcome over time and (3) the effect of intervention on self-efficacy. All analyses were 

conducted with SAS V9.3, with p<0.05 as significant, and 0.05≤p<0.10 as marginal.35

Missing values

About 0.3% of the mother–toddler dyads refused the home assessments at baseline, and 35% 

and 23% were lost at 6-month and 12-month evaluations. The assumption of missing 

completely at random (MCAR) for home safety problem scores was met (Little’s MCAR 

test χ2=12.2, df=8, p=0.14336). Maximum likelihood estimation (MLE) has advantages over 

some other methods with missing values and was used in LMM to handle missing values37 

with full information (both complete/incomplete cases) to provide unbiased parameter 

estimates with MCAR/MAR data. We systematically assessed differences between mother–

toddler dyads lost/retained at either follow-up (n=119/158). Lost dyads had marginally 

higher home safety problem scores (mean 2.66 vs 2.34, p=0.094) and marginally lower high 

school diploma/equivalent percentage at baseline (40.2% vs 54.7%, p=0.055) than retained 

dyads, with no significant differences for other baseline characteristics. A sensitivity 

analysis estimate obtained using listwise deletion (analyses restricted to participants with 

complete data) was compared with MLE. The two models showed similar intervention 

effects, suggesting that the intervention effect estimates are not sensitive to different 

methods. We report MLE results.

RESULTS

Descriptive statistics

Baseline maternal/toddler characteristics did not differ significantly by intervention group 

(ps>0.05, table 1).

Home safety problems

As shown in table 2, there were home safety concerns related to fire/electricity prevention, 

fall prevention and poison control at baseline, with no significant group differences (mean 

2.52 control vs 2.36 safety intervention, p=0.433).

ITT analysis (n=277)

As shown in figure 2 and table 3, the intervention group significantly reduced the number of 

safety problems from baseline (mean 2.36, SD 1.58) to 6-month follow-up (mean 1.73, SD 

1.55). The intervention group had 0.53 fewer safety problems on average at 6-month follow-

up compared with baseline (β for change=−0.53, SE 0.23, p=0.021). The reduction was 

sustained through 12-month follow-up (mean 1.81, SD 1.44); the average number of 

problems was 0.58 fewer at 12-month follow-up compared with baseline (β for change=

−0.58, SE 0.21, p = 0.006). In contrast, there was no significant change in the number of 

problems between baseline and 6-month or 12-month follow-up in the attention-control 

group. Comparing the changes in the mean number of safety problems in the intervention 

and attention-control group, there was no significant between-group difference at 6 months 

(p>0.10), but there was a significant difference at 12 months, with a greater reduction by 
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0.54 in safety problems among the intervention group than the attention-control group (β for 

difference in change=−0.54, SE 0.25, p=0.035). The intervention effect was modest based on 

Cohen’s d=0.38 (95% CI 0.09 to 0.67, table 3 and figure 2).27 It can also be interpreted as a 

reduction of 16% of families with home safety scores >4.0 (1 SD above the mean) to 9% 

after intervention, based on normal distribution. Results were similar after adjusting for 

poverty and maternal education (β for between-group difference in change at 12 months = 

−0.53, SE 0.23, p=0.020; no significant between-group difference at 6 months).

Per-protocol analysis

There were no significant differences by intervention status in baseline characteristics 

including home safety problem score among compliers (ps>0.10) or non-compliers 

(ps>0.10). Comparing complier and non-compliers in the safety intervention group, the 

compliers were more likely to be at/below poverty threshold (80.8% vs 59.7%, p = 0.049), 

without differences in other baseline characteristics.

The estimated intervention effect among compliers (n=196) is stronger than the estimate 

based on ITT analyses at 6 months, but similar at 12 months. Intervention group compliers 

significantly reduced their home safety problems at 6 months (β=−0.77, SE 0.24, p=0.002) 

and 12 months (β=−0.65, SE 0.23, p=0.005, table 3); with no significant changes over time 

among attention-control group compliers. Intervention group compliers reduced safety 

problems to a marginally greater degree at 6 months (β=−0.55, SE 0.29, p=0.060) and to a 

significantly greater degree at 12 months (β=−0.57, SE 0.28, p=0.045, table 3) compared 

with attention-control group compliers. Among the participants in the safety intervention 

group who attended at least one session, the number of sessions attended was not related to 

the changes of safety problems over time (ps>0.10).

Among non-compliers (n=81), there was no change within either safety or attention-control 

group, and no difference between the two groups in changes over time (ps>0, table 3).

Self-efficacy

The mean self-efficacy scores were 2.70 (SD 0.65), 2.52 (SD 0.74) and 2.42 (SD 0.83) at 

baseline, 6 months and 12 months, respectively, for the safety intervention group, and 2.62 

(SD 0.62), 2.51 (SD 0.73) and 2.53 (SD 0.77) for the attention-control group, with no 

difference by intervention status. Based on LMM, the intervention group significantly 

decreased self-efficacy at 12 months (β=−0.27, SE 0.12, p=0.021) compared with baseline; 

self-efficacy did not significantly change for the attention-control group. There were no 

significant between-group differences in self-efficacy change at either 6 or 12 months 

(ps>0.10).

At baseline, self-efficacy was significantly related to fewer safety problems in the linear 

regression model (β=−0.36, SE 0.18, p = 0.045). Baseline self-efficacy was not related to 

changes in safety problems at either 6 or 12 months (ps>0.10). The change scores in self-

efficacy at 6 and 12 months were not significantly related to change scores in home safety 

problems at 6 and 12 months (ps>0.10).
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DISCUSSION

Low-income households with toddlers had multiple home safety problems (eg, at enrolment, 

>70% lacked covered outlets and >60% lacked child-resistant cabinet latches). A group-

delivered safety promotion intervention had a modest effect on reducing home safety 

problems at 12 months. One possibility is that the baseline home safety assessment alerted 

mothers in both groups to safety problems, leading to reduction of safety problems in both 

groups at 6 months; significant in the intervention group and non-significant in the control 

group. At 12 months, the reduction was sustained in the intervention group, suggesting that 

mothers continued to operationalise safety promotion behaviours. In contrast, the reduction 

was not sustained in the control group, leading to a significant intervention effect at 12 

months (figure 2).

Young children 1–4 years with rapid physical development, but limited ability to avoid 

potential dangers in homes, are especially vulnerable to unintentional injuries. Home injuries 

account for approximately 50% unintentional injuries.38 In our study among the low-income 

mother–toddler dyads, the safety intervention combining safety education with goal-setting 

and self-efficacy effectively modified the home environment by reducing home safety 

problems. At baseline, the highest prevalence of safety problems were lack of outlet covers 

(~70%) and cabinet latches (~65%). Environmental improvements were observed in outlet 

covers, cabinet latches and some other safety problems after intervention. Possible reasons 

include provision of information on free/inexpensive safety equipment to low-income 

mothers, along with adoption of strategies to promote maternal motivation to overcome 

management barriers and related inconvenience. The existing interventions involving 

provision of safety education or safety equipment showed mixed effects on promoting safety 

practices, suggesting that other components of behaviour change theories may be necessary.
18 The reduction in home safety problems in this study may have resulted from the SCT 

components of the intervention as participants discussed goals, successes and challenges in 

installing, maintaining and using home safety devices.

At baseline, mothers with higher self-efficacy scores had fewer home safety problems, 

consistent with SCT that self-efficacy relates to health-related behaviours.1920 Self-efficacy 

was not found to be a mediator for the intervention effect. In contrast to expectations, self-

efficacy decreased over time among intervention group mothers, with no change among 

attention-control group mothers. One possible explanation is that although intervention 

group mothers successfully modified their safety behaviour, reducing home safety problems, 

they may have recognised the maintenance challenges. Living in less safe housing 

conditions or lacking means to make changes to their household maintenance for the low-

income mothers in the intervention group could have been linked to their decreased self-

efficacy. Additional research is necessary to understand the mechanisms driving safety-

related behaviour, the role of self-efficacy and domain-specific measures of self-efficacy.

This study has several strengths. First, this safety promotion intervention is based on SCT, 

focusing on bridging knowledge with goal-setting in a context of social support. Second, the 

parallel group design adjusts for intervention-associated attention and structure, assuring that 

differences can be attributed to content. Third, the home safety problem is a proxy of 

Wang et al. Page 8

Inj Prev. Author manuscript; available in PMC 2018 November 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



unintentional injury. We used objectively measured observations of home safety problems 

rather than maternal report. Fourth, the safety intervention focused on toddlers in low-

income families, a subpopulation at high risk of injuries.

There are several methodological considerations. First, we did not assess car seat use in the 

home observation of safety problems. Second, the clinical importance of the modest 

intervention effect needs further examination. Third, attendance at initial sessions was low 

across both groups, suggesting a need for alternative intervention strategies. Finally, the 

finding needs to be repeated before being generalised to mother–toddler dyads from 

different socioeconomic status.

CONCLUSIONS

The prevalence of home safety problems indicates an urgent need for interventions to 

prevent toddlers from unintentional injuries. An SCT-based, group-delivered safety 

promotion intervention for low-income mothers of toddlers had a modest effect on reduction 

of home safety problems at 12 months. Future studies should examine additional strategies 

to retain low-income mothers in group-based intervention and to examine if an SCT-based 

approach with better penetration/compliance can produce more clinically important 

improvements in home safety practices and which components of the SCT-based approach 

are most effective.
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What is already known on the subject?

► Toddler-aged children are vulnerable to unintentional injuries, especially 

those in low-income families.

► Most safety promotion trials for young children focused on distribution of 

safety aids or improving parent knowledge and had mixed effects.

► There has been limited attention to goal setting and social support applied to 

safety promotion interventions for young children
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What this study adds?

An eight-session, group-delivered, randomised, parallel group safety promotion 

intervention trial for low-income mothers with toddlers, grounded in social cognitive 

theory with goal setting and social support, is effective in reducing home safety 

problems.
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Figure 1. 
Flow of participants who were recruited, randomly assigned and followed for safety 

assessment in a safety promotion prevention programme among a sample of mother–toddler 

dyads from low-income families (n=277). *Intent-to-treat (ITT) analyses including all the 

277 mother-toddler dyads; all the 277 mother-toddler dyads had at least one home safety 

observation. **In the control group, 55 (30%) attended none, 36 attended 1-4 sessions 

(19%), 95 (51%) attended 5-8 session. In the intervention group, 26 (29%) attended none, 19 

attended 1-4 sessions (20%), 46 (51%) attended 5-8.
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Figure 2. 
Mean sample-based home safety problem score by time and intervention status.
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Table 1

Selected sample characteristics at baseline (n=277)

Total (n=277, column %)
Attention-control group 
(n=186, column %)

Safety intervention group 
(n=91, column %)

Maternal characteristics

Age, mean (SD) 27.3 (6.2) 26.8 (6.2) 28.2 (6.0)

Marital status

 Single; divorced; widowed 199 (71.8) 137 (73.7) 62 (68.1)

 Married 78 (28.2) 49 (26.3) 29 (31.9)

Race/ethnicity

 Non-Hispanic black 187 (67.5) 128 (68.8) 59 (64.8)

 Non-Hispanic white 74 (26.7) 50 (26.9) 24 (26.4)

 Others 16 (6.8) 8 (4.3) 8 (8.8)

Maternal education

 No high school diploma 53 (19.1) 37 (19.9) 16 (17.6)

 High school diploma/equivalent or higher 224 (80.9) 149 (80.1) 75 (82.4)

At or below poverty threshold

 No 85 (31.5) 55 (30.2) 30 (34.1)

 Yes 185 (68.5) 127 (69.8) 58 (65.9)

Residence

 Urban 167 (60.3) 114 (61.3) 53 (58.2)

 Semiurban 110 (39.7) 72 (38.7) 38 (41.8)

Toddler characteristics

Age, mean (SD) 20.1 (5.5) 20.1 (5.5) 20.1 (5.5)

Gender

 Female 130 (46.9) 85 (45.7) 45 (49.4)

 Male 147 (53.1) 101 (54.3) 46 (50.6)

No significant differences between intervention and control groups based on t-tests or χ2 tests (p value for maternal age=0.095, ps for other 
variables >0.10).
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