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Abstract

Objective : To evaluate the effectiveness of an ergonomic infant carrier for increasing postpartum parent-
infant physical contact and reducing postpartum depression risk.

Design: A randomized two-arm, parallel-group trial.
Setting: Study participants’ homes from February 2018 to June 2019.
Population or Sample: 100 participants in an income-constrained urban community in the United States.

Methods : At 30-weeks gestation, 50 participants were randomly assigned to receive an ergonomic infant
carrier and instruction on use (intervention), and 50 participants were assigned to a waitlist (control). Follow-
up data were collected at 6-weeks postpartum from 78 participants (intervention n = 41; waitlist control n
= 37).

Main Outcome Measures: Edinburgh Postpartum Depression Scale (EPDS) score and extent of infant
carrier utilization.

Results : Participants in the carrier condition reported using their carriers for an average of 1.95 hours per
day (SD = 1.59) with participants in the intervention condition using an infant carrier significantly more
often at 6-weeks (B = 2.69, SE = .347,p < .001, 95% CI = 2.08-3.41). The intervention group reported
significantly fewer depressive symptoms at 6-weeks postpartum than the waitlist control group (B = -.541, p
= .042). Participants who used an infant carrier more hours per day reported significantly fewer depressive
symptoms (§ = -1.60, SE = .069,p = .019, 95% CT = -.30 to -.025).

Conclusions : An infant carrier intervention reduced postpartum depression at 6-weeks postpartum, with
a significant dose-response association where increased infant carrier use predicted decreased postpartum
depression symptomology.

Funding: FErgoBaby donated all infant carriers used in this study but did not participate in any part of the
research.
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Introduction

Postpartum depression is the most common complication of childbirth, impacting approximately 17% of
postpartum mothers globally.! Postpartum depression is a major public health problem because it raises
the risk of parental suicide,> ® and can impair parenting behavior, adversely impacting the cognitive and
behavioral development of children.* 5 Given the widespread adverse consequences of postpartum depression,
significant resources have been devoted to identifying interventions that may help to prevent postpartum
depression.% 7 One previously identified target of prevention is parent-infant skin-to-skin contact directly
after birth, which has been found to reduce postpartum depression symptoms in parents of preterm or
low birthweight infants.® However, no research has examined the effect of infant carrying on postpartum
depression risk in healthy parent-infant dyads.

Parent-infant skin-to-skin contact with preterm and low birthweight neonates is a well-established inter-
vention that can improve parental mood by reducing stress,” enhancing anxiety regulation,'® and reducing
postpartum depression symptomatology.'! Physiologically, skin-to-skin contact can trigger the release of the
bonding hormone oxytocin,'?'4 and decreased levels of the stress hormone cortisol,'> both of which have
been implicated in reduced postpartum depression risk.'® Behaviorally, skin-to-skin contact between par-
ents and infants reduces infant crying,!” supports breastfeeding,'®and bolsters parent-infant bonding,® all
of which may reduce postpartum depression risk.! The effects of immediate skin-to-skin contact after birth
can be long-lasting, influencing infant sleep-wake cycles up to 10 years after birth.!'’ However, research on
the effects of parent-infant physical contact is largely limited to skin-to-skin interventions occurring within



a specific window of time (within the first hours after birth) and among specific populations (preterm or low
birthweight infants).

Only a handful of studies have tested whether parent-infant physical contact has health benefits in healthy
parent-infant dyads.'?> 20 Our group previously showed that low-income mothers randomly assigned to receive
an ergonomic infant carrier in pregnancy were significantly more likely to be breastfeeding at 6-months
compared to mothers in the wait-list control condition.!? A similar experimental paradigm used in adolescent
mothers found that infant-carrier use improved psychological metrics like infant attachment and parental
responsiveness.?’ Taken together, these results suggest that infant carrying could have psychological and
physiological benefits for healthy mother-infant dyads.

Thus, we sought to examine whether an infant carrier intervention would reduce the risk of developing
postpartum depression symptomology in the first six weeks postpartum. We predicted that the infant
carrying intervention would facilitate reduced risk of PPD symptomatology at 6-weeks postpartum. We also
predicted a dose-response relationship between infant carrier use and PPD, with mothers who used infant
carriers more often, regardless of study condition, fewer PPD symptoms.

Methods

A randomized two-arm, parallel group trial (clinicaltrials.gov id: NCT04376021) was conducted between
February 2018 (first participant enrolled February 7, 2018) and June 2019 in collaboration with a home
visiting program for perinatal parents in a primarily Latinx, income-constrained urban community to study
the effects of an infant career intervention on postpartum depression symptomatology and breastfeeding
rates (breastfeeding results reported previously by Little and colleagues.!? All materials and procedures were
approved by the Institutional Review Board for Project Concern International, now Global Communities
(protocol # 28).

Recruitment

Participants were recruited during a routine prenatal home visit conducted by trained, culturally-matched
Community Health Workers who provide perinatal education, health screenings, and referrals to other ser-
vices as needed. All participants of the home visiting program who met the following study eligibility
requirements were invited to take part in the informed consent process: 1) 18 years of age or older, 2)
currently pregnant, 3) fluent in either Spanish or English, 4) consistent access to a smartphone with internet
access (to fill out surveys), and 5) a functioning email address (to receive gift card incentives). Participants
were compensated with a $10 gift card for completing each of the 3 online surveys equating to $30 in total
possible compensation for this study (with an additional 2 surveys and gift cards available for those who chose
to participate in the full 6-month intervention. All participants regardless of study condition assignment
were offered the same monetary incentives.

Intervention

After receiving information about the study and providing informed consent, participants were randomly
assigned with a random number generator to one of two study groups: intervention or waitlist control. The
first author generated the random allocation sequence, the Community Health Workers enrolled participants,
and research assistant assigned participants to interventions based on enrollment timeline. Participants
assigned to the intervention group were provided with an ErgoBaby Omni 360 (ergonomic infant carrier)
during a prenatal home visit to facilitate increased mother-infant physical contact from birth onward. The
first author, who is an infant carrying educator, trained the home visiting team in carrier use to be able to
support the study participants and study participants were also provided with ongoing virtual access to an
instructional video to ensure proper, safe, and comfortable use of the carrier. In the waitlist control group,
mothers received the same infant carrier and educational training at 6-months postpartum. As part of the
consent process before choosing to take part in the study, all participants were informed of the differences



between the two groups and were told that if they chose to participate: “You will be given a baby carrier to
use with your new baby. You may receive the carrier while you are still pregnant, or you may receive it six
months after the birth of your baby.”

Measures

Electronic surveys were sent via text message to participants’ mobile phone during pregnancy (between 30-
and 38-weeks gestation) and postpartum (at 6-weeks postpartum) to assess carrier use and depressive symp-
tomology. We chose to measure postpartum depression at 6-weeks postpartum because previous research
suggests that depressive symptomology peaks between 4- and 8-weeks postpartum.'® Depressive symptoma-
tology was measured using the 10-item Edinburgh Postpartum Depression Scale (EPDS).2! Participants
indicated how often they experienced 10 common symptoms of depression in the past week on a 4-point
scale. The continuous EPDS score for each individual (values ranged from 0 to 30, hereafter referred to as
depressive symptomology ) was used in our analysis, with higher scores indicating increased depressive symp-
tomology. Participants also reported their relationship status (married, living in union, single, divorced),
intentions to breastfeed, education, age, English language proficiency, race/ethnicity, country of their birth,
number of children, and whether their baby was born preterm.

Data Analytic Strategy

Following best practice CONSORT guidelines for randomized controlled trials, we used an “intention-to-
treat” analytic strategy in which all participants were included in the analyses, regardless of whether they
used the carrier in the intervention group. Baseline characteristics were compared between groups to ensure
that failure of random assignment did not contribute to any observed differences in depressive symptomol-
ogy. To assess baseline participant differences, binominal logistic regression was used to test for demographic
differences across study conditions (0 = control condition; 1 = intervention condition). Any baseline de-
mographic factor that differed between study conditions at p < .10 was included as a covariate in further
analyses.

The primary analyses to assess the effect of study condition on postpartum depressive symptomatology
were carried out with stepwise linear regression using a bootstrapping procedure with 5000 replications
recommended for analyses with smaller sample sizes.??Condition alone was entered in Model 1 and any
confounds that differed across conditions at baseline were included in Model 2, allowing for the comparison
of the effect size as a function of study condition in unadjusted and adjusted models. Linear regression
was used to test for a dose-response association between hours-per-day of reported infant carrier use and
depressive symptomatology across both study conditions (given that participants in the control group could
also have been using infant carriers) and within the intervention group. Results were determined to be
statistically significant if p values were less than .05. Effect sizes are given in terms of odds ratios for
analyses using binomial logistic regression (Table 1) and unstandardized Betas, standard errors, and 95% CI
for analyses using linear regression (Table 2). All analyses were performed using SPSS version 27.

Results

Participant Characteristics

A total of 238 participants were assessed for eligibility, with 138 excluded and 100 randomized during
pregnancy into the intervention (n = 50) or waitlist control (n = 50) conditions (see the Consort Diagram
in Figure 1).

Demographic characteristics are presented in Table 1, with all participants identifying as female (hereafter
referred to as mothers). Mothers in the intervention and control groups had similar intentions to breastfeed
and had similar demographic and health characteristics except for maternal age, English language proficiency,
married/living in union status and preterm birth (see Table 1). Specifically, by chance, mothers randomly



assigned to the control group were significantly older, had higher English proficiency (and so were more
likely to take the survey in English), and were less likely to give birth preterm than mothers assigned in
the intervention group. In addition, there was a marginally significant difference (p = .051) in partnership
status across conditions, with mothers in the control condition more likely to be married/living in union
than mothers in the intervention condition. A total of 4 infants in the intervention condition and 0 infants
in the control condition were born preterm (no infant was more than 4 weeks premature). Thus, maternal
age, language proficiency, preterm birth, and marital/living in union were included as covariates.

Of the 100 participants randomly assigned, 41 completed the 6-week survey in the intervention group and
37 completed the 6-week survey in the control group. There was no evidence of heterogeneous attrition:
participants who dropped out of the intervention and control conditions were similar in terms of demographic
factors. There was some evidence of homogeneous attrition in that mothers who dropped out of the study
(in both conditions) tended to be younger (M = 23.5) than the mothers who did not (M = 26.9; t = -2.69,
p < .001). No study-related adverse events were reported in either group.

Primary Results

Linear regression models showed that mothers in the carrier intervention had significantly lower levels of
depressive symptomology at 6-weeks (M = 2.04; SD = 3.48; n = 37) than mothers in the waitlist control
group (M = 3.7; SD = 4.79; n = 41, see Model 1 in Table 2). This difference in depressive symptomology
between conditions remained statistically significant when covariates were included in the model (See Model
2 in Table 2).

Testing dose-response associations

There was good uptake of our carrier intervention: 79.5% of participants in the intervention condition
reported using an infant carrier in the first 6-weeks postpartum, whereas only 1 participant in the control
condition reported using an infant carrier within the first 6-weeks postpartum. Participants in the carrier
condition reported using their carriers for an average of 1.95 hours per day (SD = 1.59). Participants in the
intervention condition used an infant carrier significantly more often at 6-weeks than women in the control
condition (B = 2.69, SE = .347, p < .001, 95% CI = 2.08-3.41), even after adjusting for potential confounds.
Moreover, across the sample, participants who used the carrier more hours per day reported significantly
fewer depressive symptoms (B= -1.60, SE = .069, p = .019, 95% CI = -.30 to -.025). When examining
the effect just within the intervention group, there was not a significant dose-response relationship between
hours of carrier use and depressive symptoms (B = -.10, SE = .11,p = .354, 95% CI = -.30 to .13).

Discussion
Main Findings

In experimentally testing the efficacy of an infant carrier intervention to reduce postpartum depression symp-
tomatology, we found that participants randomly assigned to receive an infant carrier reported significantly
fewer depressive symptoms at 6-weeks postpartum than participants in the waitlist control group. Fur-
ther, there was good uptake of the carrier intervention (79.5% of participants in intervention groups used
their carriers in the first 6-weeks postpartum). Across the sample, mothers who spent more time using an
infant carrier reported reduced depressive symptoms at 6-weeks postpartum than women who used their
carriers less often. Although many factors play a role in the etiology of postpartum depression, our use
of a randomized controlled trial design limits the influence of confounding factors. Together, these results
suggest that providing infant carriers in pregnancy may be an effective intervention to help protect mothers
in low-income urban areas against developing postpartum depressive symptomology. Additional studies are
warranted to examine whether this intervention could work in clinical settings (e.g., hospitals) and with
additional high-priority populations (e.g., Black mothers).



Strengths and Limitations

Infant carriers may be a promising avenue to decrease postpartum depression symptomology in a safe and
culturally-relevant manner. Infant carriers are safe: cloth slings and carriers are 6x safer than plastic car-seat
style carriers during ambulatory-style transport.?3> Though parents and healthcare professionals in the US
often view carriers simply as a transport method rather than a public health intervention or parenting tool,2°
infant carrying is an integral part of human childrearing strategies in populations around the world.?4 2°
These data add to the literature showing infant carriers to be a preventative postpartum health intervention
that may have particular cultural relevance for global majority parents, adding psychological benefits to the
growing body of research showing that infant carrying is associated with positive physical outcomes for both
infant and adult.?6-29

Although this study had notable strengths including the use of a randomized controlled trial design, these
results should be considered in the context of several limitations. First, our sample size was relatively small
and was determined by study budget rather than by power analysis. There was also significant participant
drop-out by 6-weeks postpartum, especially amongst younger mothers. Although participant attrition is
common in interventions in vulnerable populations and drop-out rates did not differ across study condi-
tions (thus not undermining our experimental validity), our results may not be generalizable to samples
of younger mothers. In addition, our small sample size made it more difficult to detect dose-dependent
effects of infant carrier use on depressive symptoms when analyses were restricted to the intervention condi-
tion alone. Second, because our sample comprised primarily Latina mothers from a geographically-specific
income-constrained community, it remains to be seen if this carrier intervention would be effective in other
racial/ethnic populations or in communities with a different income status. Finally, because this research
was conducted within a Community Health Worker-led home visiting program, it will also be important to
test whether this intervention would work in clinical obstetric or pediatric settings.

Interpretation

There are several plausible behavioral and biologicalpathways through which infant carrying could reduce
postpartum depression symptomology. Behaviorally, infant carrying increases breastfeeding,'?> 3° promotes
parent-infant attachment,® and reduces infant crying,3! all of which have been linked to reduced postpartum
depression risk.32-3° Neuroscience studies show that infant carrying enhances neural reactivity to infant
crying in fathers,3® which relates to our findings because depressed parents are less likely to have heightened
neural responses to infant distress signals.?” 38 Physiologically, the physical contact from infant carrying
also increases oxytocin!?'* and decreases cortisol,!®> both of which have been implicated in the etiology of
postpartum depression.®

Conclusion

Postpartum depression is a serious public health issue, costing an estimated $14.2 billion per year in the US33
with health implications for both the birthing parent and the child. Our research demonstrates that providing
parents with an ergonomic infant carrier may be an easy and effective intervention to decrease postpartum
depression symptomatology. To better understand the nature of this intervention, we encourage future
research that examines the effect of infant carrying on key behavioral (e.g., breastfeeding, bonding, infant
crying) and biological (e.g., oxytocin, stress physiology) factors implicated in the etiology of postpartum
mood disorders.

Table 1 Baseline Participant Characteristics

Age, mean (SD)

Breastfeeding intentions

English Language Proficiency
Latina

High School Graduate



US Born

Married or Living in Union

Currently Employed

Preterm

Primiparous

Note: Binomial logistic regression was used in all analyses to predict differences in demographics across study condition (0 -

Table 2

Step- Wise Linear Regression Model Testing for Differences in Postpartum Depressive Symptomology Between
Study Condition

Model 1

Study Condition

Model 2

Study Condition

Maternal Age

English Language Proficiency

Preterm Delivery

Married or Living in Union

Note: Step-Wise linear regression model was used with bootstrapping across 5000 samples to improve estimate accuracy give

Enrollment

Assessed for eligibility (n = 238)

Excluded (n =138)
+ Opted into the study, then miscarried (n = 1)
+ Notinterested (n = 137)

‘ Randomized (n =100) ‘

l

3 L Allocation ] \
Allocated to intervention (n = 50) Allocated to intervention (n = 50)
+ Received allocated intervention (n = 50) + Received allocated intervention (n = 50)
+ Did not receive allocated intervention (n = 0) + Did not receive allocated intervention (n = 0)
l { Follow-Up l
Lost to follow-up (did not respond to survey Lost to follow-up (did not respond to survey
reminder (n = 9) reminder (n = 13)
Discontinued intervention (n= 0) Discontinued intervention (n= 0)
l L Analysis J l
Analysed (n = 41) Analysed (n = 37)
« Excluded from analysis (n = 0) « Excluded from analysis (n = 0)

Figure 1: CONSORT Diagram
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Table. CONSORT 2010 Checklist of Information to Include When Reporting a Randomized Trial?

Reported
ltem on
Section and Topic No. Checklist ltem Page No.
Title and abstract
1a Identification as a randomized trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT
for abstracts) 2
Introduction
Background 2a Scientific background and explanation of rationale 4
and objectives 2b  Specific objectives or hypotheses 4
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 5
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons NA
Participants 4a Eligibility criteria for participants 5
4b Settings and locations where the data were collected 5
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they
were actually administered
Qutcomes 6a Completely defined prespecified primary and secondary outcome measures, including how and when they
were assessed 6-7
6b Any changes to trial outcomes after the trial commenced, with reasons NA
Sample size 7a How sample size was determined 12
7b When applicable, explanation of any interim analyses and stopping guidelines NA
Randomization
Sequence 8a Method used to generate the random allocation sequence 6
generation 8b  Type of randomization; details of any restriction (such as blocking and block size) 6
Allocation concealment 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered
mechanism containers), describing any steps taken to conceal the sequence until interventions were assigned 6
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants
to interventions
Blinding 11a  If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how NA
11b  If relevant, description of the similarity of interventions NA
Statistical 12a  Statistical methods used to compare groups for primary and secondary outcomes 7-8
methods 12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses 7-8
Results
Participant flow 13a  For each group, the numbers of participants who were randomly assigned, received intended treatment,
(a diagram is strongly and were analyzed for the primary outcome 8-9
recommended) 13b  For each group, losses and exclusions after randomization, together with reasons 8-9
Recruitment 14a  Dates defining the periods of recruitment and follow-up 5
14b  Why the trial ended or was stopped 12
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 14
Numbers analyzed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis
was by original assigned groups 10-11
Qutcomes 17a  For each primary and secondary outcome, results for each group, and the estimated effect size and its
and estimation precision (such as 95% confidence interval) 10-11
17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended 10-11
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
prespecified from exploratory 10-11
Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) 10
Comment
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 12-13
Generalizability 21 Generalizability (external validity, applicability) of the trial findings 12-13
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 12-13
Other information
Registration 23 Registration number and name of trial registry 5
Protocol 24 Where the full trial protocol can be accessed, if available 5
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders NA

aWe strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
recommend reading CONSORT extensions for cluster randomized trials, noninferiority and equivalence trials, nonpharmacological treatments, herbal interventions, and pragmatic trials.
Additional extensions are forthcoming: for those and for up-to-date references relevant to this checklist, see http://www.consort-statement.org.
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Enrollment

]

Assessed for eligibility (n = 238)

Excluded (n =138)
+ Opted into the study, then miscarried (n = 1)
+ Not interested (n = 137)

Randomized (n =100)

A 4

Allocation

A\ 4

Allocated to intervention (n = 50)
+ Received allocated intervention (n = 50)
+ Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 50)
+ Received allocated intervention (n = 50)
«+ Did not receive allocated intervention (n = 0)

: [

Follow-Up

] |

Lost to follow-up (did not respond to survey
reminder (n = 9)

Discontinued intervention (n= 0)

J
Lost to follow-up (did not respond to survey
reminder (n = 13)

Discontinued intervention (n= 0)

: [

Analysis

] v

Analysed (n = 41)

+ Excluded from analysis (n = 0)

J
Analysed (n = 37)
+ Excluded from analysis (n = 0)
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