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Abstract

Objective: To test the effects of weekly SMS for improving infant feeding practices and infant 

weight.

Methods: This was a multi-site randomized clinical trial in a convenience sample of 202 

caregivers of healthy term infants 0-2 months participating in the WIC program in Puerto Rico and 

Hawaii. Participants were randomized to receive SMS about infant’s general health issues 

(control) or SMS for improving feeding practices (intervention) for four months. Weight, length 

and infant feeding practices were assessed at baseline and four months later.

Results: A total of 170 participants completed the study (n=86 control and n=84 intervention). 

Baseline characteristics were similar between groups. At the end, exclusive breastfeeding rates 

were similar between groups (67.4% control and 59.1% intervention). Introduction of other foods 

and beverages, addition of foods to the bottle, placing infants to sleep with milk bottles, 
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caregiver’s method and response to feeding infants and distractions while feeding infants were 

similar between groups. Also, weight status or rate of weight gain was similar between groups.

Conclusion: There were no significant improvements in feeding practices or in weight with the 

intervention. The timeline of the messages in relation to the targeted behavior may have affected 

the effectiveness of the intervention. Earlier dissemination of messages, higher level of intensity, 

longer intervention, additional contacts and inclusion of other caregivers may be needed to achieve 

the desired effects.
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Introduction

Infant obesity is higher among Hispanics (14.8%) and Native Hawaiians (11.4%) compared 

to any other group (Blacks 8.7% and Whites 8.4%) (1). In addition, compared to White 

infants, Hispanic infants experience rapid weight gain in infancy (2,3). These trends among 

these minority infants are of great concern, as the first 1,000 days of life (conception-24 

months) are crucial for healthy growth and development (4). Infant rapid weight gain 

increases the risk of obesity later in life (5–7), particularly if the rapid weight gain occurs in 

the first 6 months (8). In addition, Puerto Rico (PR) and Hawaii (HI) lead the US in several 

chronic diseases, such as diabetes and hypertension (9). Unhealthful lifestyles and poor 

health education may underlie many of these chronic diseases (i.e. obesity, diabetes, 

hypertension) as evidenced by the low intake of fruits, vegetables, low-fat dairy products and 

fiber in these populations (10–13) and the low diet quality, even among infants (10,14).

Certain infant feeding practices are related to adequate weight gain, such as exclusive 

breastfeeding for 6 months (8), which is very low (18%) among both Hispanics and Native 

Hawaiians (15,16). Responsive feeding, which refers to the parent’s ability to identify and 

appropriately respond to infant hunger cues, also appears to be associated with infant 

weight, as reported in a systematic review (17). In this review, three out of nine studies 

provided strong support for response feeding, evaluated as maternal responses to satiety cues 

and/or bottle-emptying behaviors, with infant growth. Therefore, more studies are needed to 

understand this. Other factors include early introduction of solid foods, quality and quantity 

of foods being offered (18–21), formula feeding and feeding on schedule (22).

The few behavioral interventions conducted to date among caregivers have found significant 

improvements in breastfeeding (23), introduction of solid foods (23), general diet quality 

(24) and response feeding (25) but none have found significant improvements in infant 

weight gain (24–28). This lack of impact on weight could be due to the low number of 

participants, low compliance and adherence and the focus on increasing knowledge without 

increasing skills (29). Also, most interventions include group-based sessions or home visits, 

which are resource intensive with high burden for participants and researchers and not easily 

translatable. These barriers may be addressed with interventions using Short Message 

Service (SMS), which could be cost-effective, sustained over time and embedded into 

programs such as the Women, Infants and Children (WIC).
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To our knowledge, there are only two SMS based interventions for improving infant feeding 

patterns and/or weight (30,31) and none have been conducted among US minorities. One 

such intervention used weekly SMS about infant feeding from late pregnancy until 12 

months’ postpartum among mothers in China, with a significant positive impact in 

breastfeeding duration and in the introduction of solid foods compared to the control group 

(30). The other study sent weekly SMS for 8 weeks to mothers of infants younger than 3 

months in Australia with significant impact in exclusive breastfeeding compared to the 

control group (31). SMS based intervention can be effective among low-income new 

mothers (32), a group with poor infant outcomes and more difficult to reach with traditional 

methods, but also more likely to use SMS. However, several limitations have been identified 

in studies using SMS, such as a lack of behavioral theories guiding their messages, use of 

informational instead of motivational messages, delivery of SMS at the same time of day, 

lack of alignment between content and research outcomes and lack of a control group 

(32,33). Therefore, to address these limitations, we conducted a feasibility trial to test 

weekly SMS sent to caregivers of infants for improving feeding practices and weight. For 

this trial, we used a behavioral theory for informing the messages, aligned the messages with 

the research outcomes, sent the SMS at different times, included a control group and 

included groups at high risk of obesity, such as Hispanics and Native Hawaiians, as the 

target.

Materials and Methods

Design

This was a multi-site feasibility trial to pilot test weekly SMS sent to caregivers of infant’s 

participants of the WIC program in PR and HI for improving feeding practices and 

preventing excessive weight gain in infants for 4 months. All activities occurred at the WIC 

clinics in both sites. Details of study methods have been previously published (34).

Setting and Participants

A total of 202 caregivers of infants 0-2 months old participating in the WIC program in PR 

(n=100) and HI (n=102) were recruited in 2017. Eligibility criteria included: caregiver must 

be 18 years or older, owner of a mobile phone with unrestricted SMS capability, responsible 

for infant care, and willing to participate for the full study duration. Exclusion criteria 

included: infants with special diets, infants with limited mobility, pre-term birth (<37 

weeks), small or large for gestational age (birthweight <10th or >90th percentile), inability to 

consent to participate, unwillingness to be randomized and not being able to read. The 

institutional review boards at the University of Puerto Rico, Medical Sciences Campus and 

University of Hawaii in Manoa approved study procedures and participants signed an 

informed consent form.

Randomization

Participants were recruited from 2 WIC clinics in PR and 4 WIC clinics in HI (34). WIC 

clinics were selected based on availability and accessibility to the investigators, with the help 

of the WIC program in each site. Equal numbers of caregivers were randomized to the 

control arm (SMS about general infant’s health issues) or to the intervention arm (SMS for 
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improving feeding practices) using random block sizes (2, 4 or 6) with 26 total blocks. A 

computer-generated list of randomization numbers and corresponding ID was created; 

participants were allocated an ID sequentially as they were recruited and this ID was 

matched with the randomized group. Among those randomized to the intervention arm, 

participants were assigned either to the lactation or formula intervention group, based on 

their initial feeding status.

Delivery of Intervention

Intervention SMS were created based on the TransTheoretical Model (TTM) of health 

behavior change (35) and focused on reinforcing WIC messages on breastfeeding, 

preventing overfeeding, delaying introduction of solid foods, and delaying and reducing 

baby juice consumption. Messages presented in WIC regarding infant feeding practices are 

produced by the United States Department of Agriculture’s Food and Nutrition Service. 

Messages undergo a peer-reviewed process and are consistent with population-based 

approaches and recommendations from expert organizations, such as the American 

Academy of Pediatrics. According to the TTM, individuals undertaking changes in health 

behaviors progress through a series of stages, from pre-contemplation to maintenance (35). 

Constructs in the TTM were used to address key determinants of behavioral change to 

ensure relevance to the audience, and targeted individuals both at the earlier and later stages 

of change. For example, barriers to change may prevent individuals in the earlier stages of 

change from breastfeeding; thus, messages provided both information on the benefits of 

performing the behavior, such as “Breastfeeding is the best way to feed your baby, but it 
may be hard. Put your baby to your breast and you will have more milk”, and simple, 

practical suggestions for initiating the behavior, such as “When breastfeeding, make sure the 
nipple and the area around is inside baby’s mouth. If baby eats from the tip, they will break. 
Always correct the position”.

Control SMS were related to general infant’s health issues related to sleeping, bathing, 

teething, traveling in a car, medications, handling baby, and smoking, information related to 

immunization, and care of common illnesses.

SMS were sent automatically using a web-based SMS messaging platform from the time the 

participant enrolled in the study until the end (4 months later). A total of 18 messages (1 per 

week for 4 months) were sent. All messages were written at a grade 5-level in Spanish for 

PR or English for HI. Each message was about 35-50 words long and sent on different days 

and times of the week to help prevent the participants from ignoring the messages over time. 

As messages were sent, a record of the message and time sent for each participant appeared 

on the study website. It was also possible to view the status of messages sent to each 

participant through a delivery report showing whether a message bounced or was delivered. 

Also, to learn if messages were being read, we sent 7 short questions via SMS about the 

intervention every 2 weeks. These responses were recorded. A more detailed description of 

the intervention is published elsewhere (34).

Both groups received the WIC standard of care, which includes a certification visit when 

infants first start the program (usually around 0-2 months) and re-certification visits at 6 

months and 12 months (36). During these certification visits, the Value Enhanced Nutrition 
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Assessment (VENA) platform (USDA, 2006)(37) is completed to evaluate each participant 

in a standardized way in all states. Based on the answers to the different questions required 

as part of VENA, the system uses an algorithm to detect nutritional and self-care risks that 

require individualized nutritional intervention through the program or referral to other 

services (i.e., Social Work). Those identified as high risk may need to complete additional 

visits to follow their progress. In addition to these visits, each state must follow the 7 CFR 

246.11 - Nutrition education WIC Regulation (38), in which participants are required to 

complete at least 2 nutrition education sessions within every 6 months’ re-certification 

period.

Measures

All measures were completed at baseline and at the end of the trial at the WIC clinics.

-Infant feeding practices.—A trained interviewer administered a feeding practices 

questionnaire about type of infant feeding (breast or bottle-feeding), type of milk used 

(breast, formula or other), age of discontinuing breastfeeding (exclusive and partial), age of 

introduction of juices and solid foods, use of the bottle to put the baby to sleep, methods of 

feeding the baby (i.e. using spoon, adding foods to bottle, etc.), caregiver’s response to 

bottle feeding (i.e. encouraging baby to drink it all or some more, or discontinuing the 

feeding) and distractions during feeding (i.e. using screens, with the rest of the family or 

none).

-Excessive weight gain.—Trained research personnel assessed the infant’s length and 

weight (34). Weight-for-length z score (WHLz) was calculated at each time point using the 

WHO AnthroPlus macro (34), which is based on the WHO growth charts standardized for 

age and sex (40). An adequate WHLz is defined by the WHO as a z-score within ± 2 

standard deviations (SD); A z-score >2 SD indicates obesity, while <2 SD indicates 

malnutrition (40). Weight gain between the initial assessment (at 0-2 months) and the final 

assessment (at 4-6 months) was defined as (40):

- Rapid, if the change in weight-for-length z-score was >0.67 SD;

- Adequate, if the change in weight-for-length z-score was between −0.67 and 

0.67 SD;

- Slow, if the change in weight-for-length z-score was <−0.67 SD.

-Socio-demographics and general health questions.—This questionnaire was 

completed by participants and included questions about age, gender, education, occupation, 

type of insurance, pre-pregnancy weight, gestational weight gain, gestational age, use of pre-

natal vitamins, use and availability of a breast pump, breastfeeding support, infant’s age and 

sex, type of pediatric center, WIC center, and immunization record.

Statistical plan

A sample size of 200 participants (100 per group) achieves 80% power at a 0.05 significance 

level to detect the effect size of 0.40 in the difference of 4-week changed continuous 

outcome variables (34).
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Baseline characteristics were summarized and compared between the two study arms using 

two sample t-tests for continuous variables and chi-square tests for categorical variables. A 

series of logistic regression analyses were performed to determine group (intervention and 

control) difference in the dependent variables (feeding practices and excessive weight gain), 

separated by visits. The effect of the intervention on study outcomes was determined by the 

interaction term between the visit time (coded as baseline=0 and week 4=1) and study arms 

in order to test if there were any differences in the change of the outcomes between study 

groups. Subgroup analyses were performed among those that were breastfeeding initially. 

Also, subgroup analyses were conducted by site (Puerto Rico and Hawaii) and by age (<1 

month and ≥1 month). All statistical models included site as a covariate to control for the 

potential difference effects across sites (i.e., heterogeneity due to unmeasured confounding 

or effect-modifying factors). SAS (version 9.3) was used for statistical analyses. 

Significance testing was set at a P value of <0.05.

Results

A total of 423 caregivers and infants were screened for eligibility; 221 (52%) did not meet 

inclusion criteria (mainly pre-term birth or small/large for gestational age) or declined to 

participate (Figure 1). Therefore, 202 eligible participants were randomized into the study 

groups (100 in control group and 102 in intervention group). There were no significant 

differences in baseline characteristics between groups (Table 1). This pattern persisted 

irrespective of site, implying that the randomized allocation to the groups was properly 

performed in both sites. Overall, mean age of caregivers was 27±5.13 years. Virtually all 

caregivers were mothers (99.5%), 53.5% had some college education or more, 60% were 

Hispanics, and race was diverse, with 7-10% Native Americans (Table 1). All had term 

pregnancies and 52.5% had healthy weight before pregnancy. Gestational weight gain was 

within the recommended range in 42.6%, above the recommended range in 37.1% and 

below the recommended range in 20.3%. Most used prenatal vitamins (96.5%) and only 

6.4% had diabetes during pregnancy. About half of the infants were girls (49%), mean age 

was 1.0±0.45 months, 83.2% had adequate BMI at birth (14.3% were underweight and 2.5% 

were overweight at birth), the mean BMI z score was in accordance to the healthy weight 

category and 52.6% went to a community health center for their health care. Study retention 

at the end of the trial was 84% (n=86 in the control group and n=84 in the intervention 

group). No significant differences in dropout rate between the groups were noted; however, 

we found a significant lower drop-out among whites (5.6%) compared to non-whites 

(22.8%; p<0.05) and among those using prenatal vitamins (14.4%) compared to non-users 

(57.1%; p<0.05). The other demographic variables were not associated with dropout rate.

All 18 messages were successfully sent over the course of the 4 months study. However, 6 

participants consistently showed that messages bounced; these participants did not complete 

the study. In addition, 2 participants opted out of receiving messages by texting “STOP,” 

discontinuing their participation. An additional 4 participants had disconnected phone 

numbers and did not complete the trial. In terms of responding to questions sent via SMS, 

response from participants was greater on average for the first 4 questions (52-55%) than for 

the last 3 (32-34%).
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Table 2 shows feeding practices at baseline and end of the trial (four months) after adjusting 

by site and age. Feeding practices did not differ between groups at the end of the study. 

However, there was a trend for a greater proportion of caregivers in the intervention group 

stopping the feeding when infants showed signs of being full (44.1%) compared to controls 

(39.5%; p=0.07). Also, it is important to note that some were already being fed while using 

electronics at this early age (9.4% in the control group and 21.2% in the intervention group). 

Results were similar when stratified by site and by age (see supplementary online material).

Table 3 displays weight status and weight gain over time by study groups after adjusting by 

age and site. No significant group differences were found in weight status at the end of the 

trial and with weight changes from visit 1 to visit 2 (4 months later). It is noteworthy to 

mention that although most infants in both groups had adequate WHLz score (70-74%) in 

visit 2, 26-27% were already overweight/obese and 44-52% had excessive weight gain 

during the four-month follow-up. When stratified by site (see supplementary online 

material), there was a significant decrease in the proportion of infants classified as 

underweight in the initial visit compared to the follow-up visit in the intervention group in 

Puerto Rico. In Hawaii, we found a significant decrease in the proportion of infants with 

adequate weight and a significant increase in the proportion of infants with overweight or 

obesity in both the control and intervention groups. Among infants <1 month, there was a 

significant decrease in the proportion of infants with adequate weight and a significant 

increase in the proportion of infants with overweight or obesity in the initial visit compared 

to the follow-up visit in both the control and intervention groups. In infants ≥1 month, there 

was a significant increase in the proportion of infants with overweight or obesity in the 

initial visit compared to the follow-up visit in both the control and intervention groups.

We also analyzed changes in feeding practices and weight status/weight gain with the 

intervention among infants that were only breastfeeding at the first visit (see supplementary 

materials). We did not see any group differences in any of the feeding practices or in weight 

status or weight gain.

Discussion

In this trial among caregivers of healthy term infants 0-2 months participating in the WIC 

program in PR and HI, weekly SMS for improving feeding practices during four months had 

no significant effects on feeding practices or weight.

Few dietary interventions for preventing excessive weight in infants have been effective 

(41,42). Effective interventions have been conducted through home visits, individual and 

group counseling sessions or a combination of these (43), but these are high burden, 

resource intensive, and not easily translatable and/or embedded into current nutrition 

programs. The use of SMS could address some of these limitations but alone may not be 

enough to promote changes in caregivers’ behaviors related to infant dietary practices, as 

shown in the present study. However, it could be used to complement individual contacts or 

sessions. For example, a trial using SMS to improve breastfeeding found that weekly SMS 

for 8 weeks significantly lowered the reduction in the exclusive breastfeeding rate in the 

intervention group (6%) compared to the comparison group (14%) after controlling for 
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important confounders (p<0.05)(31). This intervention also included individual phone calls 

when mothers responded to texts about their level of distress with breastfeeding; if they were 

distressed, a breastfeeding counselor called them. Therefore, more intense interventions may 

be needed in this age group to promote behavioral changes.

The timing of the messages in relation to the targeted behavior may have affected the 

effectiveness of the current intervention. Interventions may need to start during pregnancy to 

impact the mother’s decision about breastfeeding and about other early infant feeding 

practices. In fact, one of the few other SMS interventions among infants focusing on 

breastfeeding or infant feeding advice found significant positive results when the weekly 

SMS started in the third trimester of pregnancy and continued 12 months post-partum (30). 

Mothers in the intervention group had engaged in exclusive breastfeeding longer when 

evaluated at 6 months (11.4 weeks) compared to the control group (8.9 weeks). Also, the 

intervention group had a significantly lower rate of introduction of solid foods before 4 

months (adjusted OR=0.27; 95% CI, 0.08-0.94).

Other caregivers may also need to be included in the intervention, as mothers may be 

returning to work and leaving the infant in the care of another person. The messages could 

be shared with child care providers and child care centers so that infants receive consistent 

feeding practices. Indeed, 37% of our participants reported returning to work within 3 

months. Also, more information with increased frequency may be needed to help mothers 

and other caregivers change some of the behaviors related to infant feeding practices. As we 

reported previously, 41% of participants mentioned at the end of the study that they would 

like to receive more messages (34).

Weight status or weight gain was also similar between groups. A longer and more intense 

intervention may be needed for this. However, it is worth noting that although most infants 

were categorized as having an adequate weight at both visits, a large proportion had 

excessive weight gain during this short period of time (42.9% in the control group and 

52.4% in the intervention group; p>0.05). If this excessive weight gain continues, it may be 

enough to shift infants to the overweight/obese category. In fact, in this short period of time, 

we did see that 25% of infants in the control group and 21% of infants in the intervention 

group shifted from underweight or adequate weight to overweight/obese. Health care 

professionals may often ignore this early rapid weight gain if infants are still within the 

adequate weight range in the growth charts, but it may be the start of a new growth trajectory 

leading to overweight/obesity later in life. In fact, several studies have consistently shown 

that early excessive weight gain significantly increases the risk of obesity later in life 

(6,8,44–47). This is particularly important if the rapid weight gain occurs in the first 6 

months of life, as it may be affecting the metabolic programming that occurs at this stage of 

life (8).

There are some strengths and limitations of the current trial that should be acknowledged. 

One of the strengths includes the design, a multi-site trial conducted in WIC clinics among a 

high-risk population, which improves external validity, offers greater statistical power and 

quicker recruitment (48). Response and retention rates were high, which is vital to ensure 

the power and internal validity of longitudinal research. The intervention was based on the 
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TTM of health behavior change and focused on reinforcing the WIC feeding messages that 

caregivers were already receiving. Trained personnel assessed weight and length using 

standardized methods. A limitation is the short duration (four months), which may not be 

enough to detect changes in weight, the timeline, the low intensity of the intervention, and 

lack of inclusion of other infant caregivers, such as grandmothers. As mentioned previously, 

37% of participants reported returning to work within 3 months, leaving the infant in the 

care of another person.

In conclusion, the present intervention had no significant effect on improving feeding 

practices or weight among caregivers of healthy term infants participating in the WIC 

program in PR and HI. In the future, we plan to improve the outcomes through earlier 

dissemination of messages (starting at pregnancy), with higher frequency of SMS and higher 

level of intensity (additional contacts by phone or other means), longer intervention, and 

inclusion of other caregivers to achieve the desired effects. If future studies show that this 

type of intervention is successful in preventing obesity, it could be adopted by the WIC 

program. This is important as WIC visits during the first year occur every 6 months for 

certification and re-certification, with educational contacts every 3 months. Therefore, SMS 

could be used to re-enforce messages between visits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consort diagram of the study. This figure presents a consort diagram of the study showing 

reasons for exclusion from the study.
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Table 1.

Socio-demographic characteristics of the sample

Control (n=100) Intervention (n=102)

Characteristics Mean SD Mean SD p-value*

Caregiver

 Age (years) 27.0 5.02 26.9 5.27 0.861

 Number of children 1.84 0.80 1.99 1.13 0.282

 Gestational age (weeks) 38.9 1.00 39.0 1.12 0.327

 Pregnant weight gain (kg) 12.7 5.53 12.6 5.08 0.911

 Ethnicity and race, n, %

  Asian 20 20.0 22 21.6 0.813

  American Indian 4 4.00 5 4.90 0.742

  Black 12 12.0 15 14.7 0.561

  Hispanic 60 61.2 62 62.0 0.707

  Native Hawaiian 12 12.0 15 14.7 0.580

  Pacific Islander 7 7.00 10 9.80 0.482

  White 45 45.0 34 33.3 0.090

 Education

  Less than college, n, % 42 42.0 49 49.5

  Some college, n, % 22 22.0 22 22.2 0.193

  College or higher, n, % 36 36.0 28 28.3

Use of prenatal vitamins, n, % 98 98.0 97 95.1 0.278

Pre-pregnancy BMI (kg/m2) 26.1 6.88 26.6 6.87 0.663

Diabetes during pregnancy, n, % 5 5.0 8 7.8 0.415

Infant

 Gender (female), n, % 48 48.0 51 50.0 0.781

 Age (months) 0.98 0.47 0.93 0.44 0.455

 Weight for age z score −0.05 0.85 −0.05 0.85 0.976

 Length for age z score 0.61 1.56 0.59 1.57 0.931

 BMI for age z score −0.54 1.39 −0.53 1.28 0.958

 Type of infant health center, n, %

  Health Center 49 51.0 53 54.0 0.549

  Private office 47 49.0 45 45.7

*
site adjusted
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