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Abstract 

Background: First 1000 Days is a systems‑oriented program starting in early pregnancy lasting through the first 
24 months of infancy focused on preventing obesity and related risk factors among low income, mother‑infant pairs. 
The program was developed in partnership with stakeholders to create an infrastructure for system‑wide change. 
It includes screening for adverse health behaviors and socio‑contextual factors, patient navigation and educational 
materials to support behavior change and social needs, and individualized health coaching for women at highest risk 
of obesity and has been shown to reduce excess gestational weight gain for women who were overweight at the 
start of their pregnancy. The purpose of this study was to examine changes from the first to third trimester for women 
participating in the First 1000 Days Program.

Methods: We collected information through self‑administered questionnaires during the first and third trimester of 
gestation and from electronic health records relating to obesity risk factors. Measures collected included behavior 
(i.e., diet, physical activity and screen time) and psychosocial (i.e., anxiety) outcomes, as well as enrollment in Women, 
Infant, and Children (WIC) program. We examined the extent to which participation in the program was associated 
with changes in behaviors and psychosocial outcomes among women during pregnancy.

Results: Women completed surveys at their initial and third trimester prenatal visits (n = 264). Mean age (SD) was 
30.2 (5.51) years and 75% had an annual household income of <$50,000. Mean pre‑pregnancy body mass index (BMI) 
was 27.7 kg/m2 and 64% started pregnancy with a BMI ≥ 25 kg/m2. In multivariable adjusted models, we observed 
decreases in intake of sugary‑drinks (− 0.95 servings/day; 95% CI: − 1.86, − 0.03) and in screen time (− 0.21 h/day; 
95% CI: − 0.40, − 0.01), and an increase in physical activity (0.88 days/week; 95% CI: 0.52, 1.23) from the first to third 
trimester. We also observed a decrease in pregnancy‑related anxiety score (− 1.06 units; 95% CI: − 1.32, − 0.79) and 
higher odds of enrollment in Women, Infant, and Children (WIC) program (OR: 2.58; 95% CI: 1.96, 3.41).

Conclusions: Our findings suggest that a systems‑oriented prenatal intervention may be associated with improve‑
ments in behaviors and psychosocial outcomes during pregnancy among low‑income mothers.

Trial registration: Clini calTr ials. gov (NCT03 191591; Retrospectively registered on June 19, 2017).
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Background
Obesity remains highly prevalent and is a major con-
tributor to chronic disease and other adverse con-
sequences [1, 2]. Socioeconomic and racial/ ethnic 
disparities continue to persist despite national preven-
tion efforts [3, 4]. Some of the origins of maternal and 
childhood obesity are linked to the first 1000 days, a 
period from conception through the first 2 years of life 
and have life course impacts [5–7]. During pregnancy, 
behaviors, such as maternal diet and physical activity, 
maternal anxiety, and connection to resources affect 
excessive weight gain and postpartum weight retention 
[8, 9]. As highlighted by the World Health Organization 
[10], this period represents a critical time for health-
promotion interventions to prevent maternal and child-
hood obesity.

Intervention efforts focused on the first 1000 days 
have shown improvement in behaviors, psychosocial 
outcomes, and utilization of the Special Supplemental 
Nutrition Program for Women, Infants and Children 
(WIC) resulting in improved outcomes for women and 
their children [11]. These studies have predominately 
targeted individual-level of change [12–14], while few 
interventions have focused on a broader context of 
change using a systems-level approach. A systems-level 
approach brings together a diverse group of stakehold-
ers to create an infrastructure that promotes change 
across clinical and public health systems. In addition, 
few studies have been designed to support women and 
infant from low-income households as they may be 
more vulnerable than their peers to socio-contextual 
factors that influence behaviors, psychosocial status, 
and connection to resources. The First 1000 Days Pro-
gram was developed in conjunction with stakeholders 
to build an infrastructure for system-wide change for 
obesity prevention during the antenatal and postpar-
tum periods [15, 16]. The program addresses clinical, 
behavior, and socio-contextual factors contributing to 
excess weight gain during pregnancy and during the 
first 2 years of life and has been shown to reduce excess 
gestational weight gain for women who were over-
weight at the start of their pregnancy [16].

The purpose of this study is to examine behavior (i.e, 
diet, screen time, physical activity), psychosocial (i.e., 
anxiety), and WIC program enrollment changes from 
the first to third trimester for low-income women at 
high risk for obesity participating in the systems-ori-
ented First 1000 Days Program in the greater Boston 

area. We hypothesized that program participation 
would lead to improvements in behavioral and psycho-
social risk factors and promote the use of social sup-
port services during pregnancy.

Methods
Study overview
Women enrolled in this study were participants in The 
First 1000 Days Program, a systems-level initiative that 
engages stakeholders across clinical and public health 
sectors to reduce the prevalence of obesity and obesity 
risk factors among mother-infant pairs who are low-
income by addressing the levels of individual, family, and 
socio-contextual factors that hinder progress in obesity 
prevention. The system-wide intervention begins when 
women initiate prenatal care in their first trimester of 
pregnancy and offers support for mothers, their part-
ners, and eventually the mother-partner-infant triads, 
throughout pregnancy and the child’s first 24 months. 
The conceptual framework, intervention design, evalua-
tion methods, and primary results have been described in 
detail elsewhere [15, 16]. A subset of women completed 
surveys in their first and third trimesters of prenatal visits 
to examine individual-level changes in behavior and psy-
chosocial outcomes. For this secondary analysis, a quasi-
experimental pre-post design was used to evaluate the 
changes in the behavior and psychosocial outcomes from 
the first to third trimester visit among participants.

Eligibility and recruitment
The First 1000 Days Program was offered to women 
who initiated prenatal care between August 2016 and 
September 2017 in three community health centers in 
Boston, Revere, and Chelsea, Massachusetts that serve 
predominantly low-income, racially/ethnically diverse 
populations. Upon completion of the intake survey and 
informed consent, women were considered to be enrolled 
in the program. The intake survey was administered to 
women at their first prenatal care visit which for most 
women was during the first trimester. Of the 366 women 
who completed a first trimester intake survey, 286 (78%) 
also completed a third trimester survey, and 264 (72%) 
women were included in the analyses as 22 women 
had missing vital demographic data (Fig.  1). The First 
1000 Days study protocol was approved by Mass General 
Brigham Institutional Review Board and registered retro-
spectively at Clini calTr ials. gov (NCT03191591).

Keywords: Pregnancy, Prenatal care, Maternal health, Infant, Health behaviors, Obesity risk factors, Childhood obesity, 
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Program components in pregnancy
The First 1000 Days Program has multiple components 
that aim to improve primary and secondary prevention of 
obesity. The program components that have been previ-
ously described in detail and include: staff and provider 
training emphasizing obesity prevention efforts; clinical 
decision support tools to track gestational weight gain; 
first prenatal visit universal screening for health behav-
iors and socio-contextual factors; patient navigation 
focused on healthy behavior change, social needs, and 
clinical and public health services; and health coaching 
for women at high risk of obesity [15, 16].

During pregnancy, the program focused on five behav-
ior targets including: eating a balanced nutrition plan; 
drinking predominantly water and avoiding sugary-
drinks; being physically active; getting recommended 
amounts of sleep; and reducing stress through social sup-
ports. Information regarding the behavior targets was 
delivered through printed materials including posters 
hanging in health centers and public health offices and 
individual booklets provided to patients. Booklets were 
available in English, Spanish, Vietnamese, and Arabic and 
contained customizable sections for gestational weight 
gain recommendations and behavior changed goal set-
ting (Fig. 2). Women could also enroll in a text-messaging 
program to provide behavior change support and educa-
tion and received 2–3 text messages during their preg-
nancy. Short informational videos (Vidscrips®) were also 
created in English and Spanish and available to women 
and their partners. The videos reinforced the behavior 

targets of the program, answered commonly asked ques-
tions, and provided recommendations.

Data collection and outcome measurements
Information was collected through self-administered 
questionnaires during the first and third trimester of 
gestation and from electronic health records (EHR). 
Measures collected included behavior (i.e., diet, physical 
activity and screen time) and psychosocial outcomes, as 
well as WIC program enrollment. Surveys were available 
in English, Spanish, and Arabic.

Dietary behaviors, including fruit and vegetable, sug-
ary-drinks, and fast food consumption were evaluated 
by asking women, “During the past 7 days, on average, 
how often did you eat …?”. Women responded by select-
ing: never; once per week, 2–4 times per week, nearly 
daily, 2–4 times per day, or 5 or more times per day. 
The fruit and vegetable consumption question included 
fresh, cooked, canned, or frozen fruits or vegetables and 
excluded juices or dried fruits; mean consumption was 
measured in times per day. The sugary-drink question 
included fruit-flavored drinks, juice from concentrate, 
punch, Kool-Aid, soda, sports drinks, sweet tea or cof-
fee drinks, and sweetened milks; mean consumption was 
measured in beverages consumed weekly. The fast-food 
question asked about eating from a fast food restaurant; 
mean consumption was measured in weekly consump-
tion. The items are from a validated food frequency 
questionnaire and have been previously used during 
pregnancy [17, 18].

Fig. 1 Participant flow diagram for women participating in The First 1000 Days Program during pregnancy
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To evaluate physical activity, women answered, “Dur-
ing the past 7 days, on how many days were you physi-
cally active for a total of at least 30 minutes per day? Add 
up all the time you spent in any kind of physical activity 
that increased your heart rate and made you breathe hard 
some of the time.” Responses to this question ranged 
from 0 to 7 days per week. This question was adapted 
from the Youth Risk Behavior Survey [19].

To measure screen time, women were asked, “During 
the past 7 days, on average, how many hours per day did 
you usually spend watching TV or videos. Include time 
spent watching on a television, computer, phone or tab-
let.” Women selected: never, < 1 h per day, 1, 2, 3, 4 or 5 h 
per day, and 6 or more hours per day. This question was 
adapted from the Nurses’ Health study [20].

We assessed pregnancy-related anxiety using the 
Pregnancy Anxiety Score, which focused on 5 topics: 
the extent of worry or concern about their health dur-
ing pregnancy, about their baby’s health normal growth 
and developing, about losing the baby, about having a 

hard labor or difficult delivery, and about taking care of 
a new baby [21, 22] Possible responses to these questions 
were: never concerned, sometimes, most of the time, 
and almost all of the time concerned. A score was calcu-
lated by summing each of the five questions with a pos-
sible range from 0 to 20. Higher scores indicate a greater 
extent of worry or concern. If more than two questions 
were missing, a score was not calculated.

WIC program enrollment was offered to participants 
during pregnancy who reported they were not enrolled 
and met the income level criteria. To evaluate the num-
ber of women receiving WIC program support, we asked 
women, “Do you currently receive benefits from WIC?”. 
Women responded by answering: yes, no, or unsure.

Confounding factors
Based on the previous literature, we used covariates for 
adjusted analyses [7, 23, 24]. Socio-demographic vari-
ables collected in the first and third trimester survey were 
used and they included maternal age and race/ ethnicity. 

Fig. 2 Examples of The First 1000 Days Programpregnancy booklet supporting behavioral changes
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Pre-pregnancy body mass index (BMI) was collected 
from the EHR.

Statistical analysis
Data from the EHR and survey results were merged to 
allow for analyses. We compared participants’ responses 
at baseline (first trimester of gestation) with results from 
third trimester surveys; each participant was meas-
ured twice, resulting in pairs of observations. We used 
repeated measures design, including the paired t-tests 
for quantitative variables and the McNemar’s test for 
qualitative variables in unadjusted models. We also 
used multivariable regression models to adjust for pos-
sible confounders, including maternal age, race/ethnicity 
and pre-pregnancy BMI. Linear quantile mixed models 
were applied for the continuous behavior outcomes and 
mixed-effect linear models were applied for the con-
tinuous psychosocial outcome, with a time predictor to 
indicate the time points of first and third trimesters. The 
models accounted for clustering of observations within 
individuals. The adjusted median and mean differences 
between first and third trimester and 95% confidence 
intervals (CI) were calculated. For the dichotomous out-
come, WIC enrollment, we applied logistic regression 
using generalized model, fitted with generalized estimat-
ing equation to address the repeated measurements. The 
adjusted odds ratio (OR) and 95% CI were generated for 
the WIC enrollment outcome. We performed analyses 
on complete cases and excluded participants with miss-
ing values in predictor, outcome, or covariates. A 2-sided 
alpha level of 0.05 was used to test for statistical signifi-
cance in all analyses. Analyses were performed in RStu-
dio 3.5.1 and SAS 9.4 (SAS institute, Cary, NC).

Results
Of the 286 women who completed a survey at their ini-
tial and third trimester prenatal visit, 264 were included 
in final analyses. Baseline demographic characteristics of 
participants are summarized in Table 1. Women were a 
mean (SD) age of 30.8 (5.51) years and initiated their first 
prenatal care visit at a mean (SD) gestational age of 10.4 
(4.65) weeks. Women had a mean (SD) pre-pregnancy 
BMI of 27.7 (6.43) kg/m2 and 64% started pregnancy 
with a BMI ≥ 25 kg/m2. At the first trimester visit, 33% of 
women were enrolled in WIC. 220 (83%) women received 
patient navigation and/or health coach phone-calls and 
booklets, 41(16%) received booklets only, and 3 (1%) did 
not receive a phone-call or booklet.

The results of the multivariable models adjusted for 
confounders for the behavior, psychosocial, and WIC 
enrollment outcomes are shown in Table  2. In multi-
variable adjusted models, we observed statistically sig-
nificant decreases in intake of sugary-drinks (− 0.95 

servings/week; 95% CI: − 1.86, − 0.03) and in screen time 
(− 0.21 h/day; 95% CI: − 0.40, − 0.01), and an increase in 
physical activity (0.88 days/week; 95% CI: 0.52, 1.23) from 
the first to third trimester. We did not observe statisti-
cally significant changes between the first and third tri-
mester for fruit and vegetable or fast-food intake. We also 
observed a decrease in pregnancy-related anxiety score 
(− 1.06 units; 95% CI: − 1.32, − 0.79) and higher odds of 
enrollment in WIC (OR: 2.58; 95% CI: 1.96, 3.41).

Discussion
The First 1000 Days Program was created to build an 
infrastructure for system-wide change, and our findings 
reveal that the program is associated with improvements 

Table 1 Baseline characteristics of 264 women participating in 
the First 1000 Days Program

Maternal Characteristics at First Trimester Visit N (%) or Mean (SD)

Gestational age at intake, weeks, mean (SD) 10.4 (4.65)

Maternal age at intake, years, mean (SD) 30.8 (5.51)

Parity, mean (SD) 1.98 (0.92)

Pre‑pregnancy BMI, kg/m2, mean (SD) 27.7 (6.43)

Maternal pre‑pregnancy weight status, n (%)

 Underweight 6 (2.3)

 Healthy Weight 90 (34.1)

 Overweight 94 (35.6)

 Obese 74 (28.0)

Race/Ethnicity, n (%)

 White, Non‑Hispanic 118 (44.7)

 Hispanic or Latino 82 (31.1)

 Black, Non‑Hispanic 12 (4.5)

 Other 52 (19.7)

Preferred language, n (%)

 English 141 (53.6)

 Arabic 54 (20.5)

 Spanish 46 (17.5)

 Other 22 (8.4)

Annual household income, n (%)

 Less Than $20,000 78 (31.6)

 $20,000 – $50,000 108 (43.7)

 Greater Than $50,000 61 (24.7)

Employment status, n (%)

 Employed Full‑Time 104 (40.0)

 Employed Part‑Time 72 (27.7)

 Not Employed, Not Looking For Work 48 (18.5)

 Not Employed, Looking For Work 22 (8.5)

 Student 14 (5.4)

Married, n (%) 107 (41.0)

Publicly insured or uninsured, n (%) 133 (50.4)

Born outside the United States, n (%) 114 (43.2)
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in behavior and psychosocial outcomes that aid in obe-
sity prevention during antenatal and postpartum periods. 
In this study, we examined behavior, psychosocial, and 
community resource connection changes in women from 
low-income households who participated in the First 
1000 Days Program. We found participation in the pro-
gram was associated with a decrease in intake of sugary-
drinks, screen time, and pregnancy-related anxiety score; 
and an increase in physical activity from the first to third 
trimester. Women also had higher odds of enrollment in 
WIC after program participation.

Similar to other interventions during pregnancy, the 
First 1000 Days Program showed improvement in dietary 
behaviors illustrating that a systems-level approach can 
be an effective method for promoting behavior change. 
Previous interventions have found improvements in 
overall dietary intake as measured via Healthy Eating 
Index and the Semi Quantitative Food Frequency Ques-
tionnaire [25–27], decreased consumption of processed 
foods [28], and increased consumption of fruits and veg-
etables [29]. We found a decrease in consumption of sug-
ary-drinks that has been shown to be critical in reducing 
post-partum weight retention [30], but we did not see 
changes in fruit, vegetables, and junk food intake. Other 
reasons, such as neighborhood characteristics and food 
environment, despite our systems-level approach, may 
have continued to make changes in these dietary areas 
more challenging for women [31]. Although clinically 

meaningful differences in dietary behaviors during preg-
nancy to improve obesity prevention are unknown, stud-
ies have shown that diet quality decreases throughout 
pregnancy (for example, increase in sugary drink con-
sumption) [32–34]. Patient characteristics including edu-
cational level have also been shown to be associated with 
diet quality during pregnancy [35]; given the characteris-
tics of the population in this study, we would hypothesize 
women were at high risk of poor diet quality. The tem-
poral change in diet quality during pregnancy is sugges-
tive that the First 1000 Days Program showed promising 
results in overcoming usual pregnancy dietary trends.

We found a modest, yet positive program effect on 
physical activity and screen time, though findings from 
previous interventions that have targeted physical activity 
are equivocal and few interventions have targeted screen 
time [13, 26, 27, 29, 36]. A meta-analysis of 13 studies 
that examined the effectiveness of physical activity inter-
ventions during pregnancy found increases in metabolic 
equivalents and physical fitness [37]. Ainscough and col-
leagues [26] found a mean difference of 141.1 min per 
week of physical activity between the intervention and 
control groups in their trial that targeted individual-level 
change. Although measured differently and in different 
units, we also found an increase of physical activity of 
0.87 days per week. By improving physical activity lev-
els and sedentary behaviors, such as screen time, pro-
grams can help improve pregnancy and infant outcomes 

Table 2 Median and mean changes from first to third trimester prenatal visit among women participating in the First 1000 Days 
Program, N = 264

CI Confidence interval, IQR Interquartile range (first quartile, third quartile)
a Adjusted estimates from longitudinal model. Adjusted for maternal age at intake, race/ethnicity, and pre-pregnancy BMI
b N = 260
c N = 261; Range from 0 to 20 with higher scores indicating greater extent of worry or concern
d N = 250

Outcomes Median (IQR) First Trimester 
Visit

Median (IQR) Third Trimester 
Visit

Adjusted Median Differencesa 
(95% CI)

p-value

Behavioral Outcomes
 Fruit and vegetables (daily 
servings)

1.00 (0.43, 3.00) 1.00 (0.43, 3.00) 0.08 (−0.09, 0.24) 0.36

 Sugary‑drinks (weekly servings) 3.00 (1.00, 7.00) 3.00 (1.00, 7.00) −0.95 (−1.86, − 0.03) 0.04
 Fast food (weekly servings) 1.00 (0.00, 1.00) 0.00 (0.00, 1.00) −0.03 (− 0.32, 0.26) 0.82

 Physical activity (days per 
week)b

2.00 (0.00, 4.00) 3.00 (2.00, 5.00) 0.88 (0.52, 1.23) < 0.001

 Screen time (hours per day) 2.00 (1.00, 3.00) 2.00 (1.00, 3.00) −0.21 (−0.40, − 0.01) 0.04
Psychosocial Outcomes Mean (SD) First Trimester Visit Mean (SD) Third Trimester Visit Adjusted Mean Differencesa 

(95% CI)
p-value

Pregnancy anxiety total  scorec 9.30 (2.93) 8.22 (2.67) −1.06 (−1.32, −0.79) <  0.001
First Trimester Visit n(%) Third Trimester Visit n(%) Adjusted ORa (95% CI) p-value

The Special Supplemental Nutri‑
tion Program for Women, Infants, 
and Children (WIC)  enrollmentd

86 (33.3%) 141 (55.1%) 2.58 (1.96, 3.41) < 0.001
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including gestational diabetes mellitus, excess gestational 
weight gain, maternal mental health, and infants born 
large-for-gestational-age [13, 26].

In addition to behavior changes, we also found that 
women decreased their anxiety levels, consistent with 
what has been demonstrated in the literature [14, 38]. A 
meta-analysis revealed that interventions during preg-
nancy from four randomized control trials were shown 
to decrease anxiety scores resulting in a pooled estimate 
of − 1.74 units, similar to our findings of − 1.06 units and 
thereby improving women’s mental health during the 
antenatal period. Another key component of the First 
1000 Days Program was connecting women to commu-
nity resources including WIC program, food banks, and 
social services. By connecting women to community 
resources and engaging those organizations as stakehold-
ers, the program was able to influence organizational and 
community factors that impact maternal health.

As previously reported, the First 1000 Days Program 
has been shown to reduce excess gestational weight gain 
for low-income women who were overweight at the start 
of their pregnancy [16]. In addition, women who par-
ticipated in the program were also satisfied with the pro-
gram, believed it improved their health and well-being, 
and that it provided an appropriate amount of services 
[16]. The changes in behavior and mental health likely 
contributed to the reduction in excess gestational weight 
gain. Although several programs have demonstrated 
improvements in behaviors, mental health, and gesta-
tional weight gain, many of these studies have focused 
on the individual level [12, 39–41], whereas the First 
1000 Days Program focused on system-wide change. The 
results of this current study demonstrate that a system-
wide approach is associated with improved maternal 
behavior and psychosocial outcomes that support women 
during pregnancy, and advantages of this approach are 
the connections between clinical and public health pro-
grams that target individual-level behaviors and socio-
contextual risk factors simultatneously [16, 42].

This study presents with several limitations. Because 
the First 1000 Days Program utilized a system-wide 
change approach, i.e., the program had multiple com-
ponents, we were unable to discern which component 
impacted the most change. The pre-post quasi-experi-
mental design without a comparison group is susceptible 
to temporal confounders, but this needs to be balanced 
with a pragmatic approach to real-world implementation. 
Because of our pragmatic approach to implementation, 
approximately 30% of eligible women were not included 
in the final analysis due to reasons such as changing site 
of care and missing vital demographics. In addition, the 
outcomes of interest were self-reported which may have 
introduced bias.

Conclusions
We found that women who participated in the First 
1000 Days systems-oriented maternal and infant obe-
sity prevention program decreased their sugary-drink 
consumption, screen time, and pregnancy-related 
anxiety score; increased their physical activity; and 
increased enrollment in WIC from the first to third tri-
mester. The changes in behaviors, psychosocial status, 
and connections to resources found in this study are 
critical to improving maternal and child health out-
comes. The findings indicate that the system-wide First 
1000 Days Program may be associated with improve-
ments in maternal behavior and psychosocial outcomes 
for obesity prevention during the antenatal and post-
partum periods for low-income women.
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