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Abstract

Objective: The postpartum period is a key life stage, contributing to increased mater-

nal obesity risk. Current lifestyle interventions do not consider the role of a woman’s

partner in reducing stress and supporting lifestyle change. The objective of this study

was to assess the effect of an intervention that seeks to enhance coparenting rela-

tionship quality on maternal BMI from before conception to 12 months post partum

and whether the intervention moderated the association of changes in cortisol

and BMI.

Methods: A randomized controlled trial was used to assess an intervention (eight

classes: four during and four following pregnancy) focusing on enhancing couple cop-

arenting relationships during pregnancy and post partum (n = 57) compared with

standard care (n = 53).

Results: The main outcome measures were changes in maternal BMI and cortisol.

There was a smaller increase in BMI for mothers in intervention compared with con-

trol groups (mean [SE], �1.03 [0.42] kg/m2, p = 0.015). There was an interaction

between intervention status and cortisol change predicting BMI change (p = 0.026),

such that cortisol change significantly predicted BMI change among mothers in the

control (p = 0.049) but not the intervention groups (p = 0.204).

Conclusions: A coparenting intervention improved maternal postpartum BMI, with

this effect potentially related to ameliorating the negative effect of stress, as mea-

sured by cortisol, on BMI. The role of enhanced coparenting in improving maternal

anthropometry warrants urgent attention.

INTRODUCTION

Overweight and obesity are crucial public health problems affecting

67% of adults [1], and they are associated with an elevated risk of

chronic diseases (including type 2 diabetes mellitus, cardiovascular

disease, and cancer), poor mental health, infertility, and pregnancy

complications. Reproductive-aged women have the highest risk of

weight gain compared with other population groups [2], with the peri-

natal period a specific high-risk period. Up to 50% of women who give

birth have overweight or obesity at their first antenatal visit [3], with

25% to 47% of women retaining ≥4.5 kg by 1 year post partum [4].

Weight retention after pregnancy is associated with poorer maternal,
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fetal, and child outcomes in subsequent pregnancies and adverse

maternal outcomes, such as longer-term maternal cardiovascular dis-

ease and obesity [4]. Maternal obesity also has consequences for fetal

development and offspring, increasing the risk of being born large for

gestational age, having overweight or obesity as children or adults

(and developing type 2 diabetes), developing premature cardiovascu-

lar disease, and having premature mortality in adult life [5]. The peri-

natal period is a critical window for weight management interventions

to improve maternal health to prevent long-term chronic disease risks

and prepare for healthy pregnancies.

International evidence-based guidelines for weight management

following pregnancy [5] recommend women follow population-based

lifestyle (diet, exercise, and sedentary behavior) recommendations to

gradually lose weight after pregnancy and achieve and maintain a

healthy weight long term. A meta-analysis of randomized controlled

trials reported that postpartum lifestyle interventions decrease

postpartum weight by 2.24 kg (95% CI: �3.03 to �1.45; 33 studies

and n = 4,960 women) [6]. However, significant gaps exist regarding

translation of these interventions from research into practice, and

these gaps are related to additional barriers to maintaining a healthy

lifestyle after pregnancy [7, 8]. Women face competing demands on

their personal time such as raising children and managing the house-

hold, which are often prioritized over personal health [9], making it

difficult to participate in interventions that produce the best weight

loss outcomes [7, 9, 10]. Given the obstacles faced by women in the

perinatal stage, their ability to make and sustain behavioral lifestyle

changes depends in large part on support and cooperation from

their partner [8]. It is important to consider how to involve a

woman’s partner in supporting a healthy lifestyle and weight man-

agement during pregnancy and after birth. Existing research has

indicated that father support (and presumably that of other partners

and coparenting figures) has a positive influence on healthy behav-

iors among their partners during [11] and following [12] pregnancy.

However, postpartum lifestyle and weight management interven-

tions have been designed and implemented focusing on women

working in isolation without the support of their partners, which

may limit their efficacy and impact.

Little research has examined the role of partner support in life-

style behavior change during the perinatal period. It is possible that

partner support may impact maternal lifestyle behaviors and weight

status by improving maternal antenatal and postpartum depression,

anxiety, and stress [13, 14], given previously reported associations

between partner support and maternal mental health [15] and

between antenatal and postpartum mental health and postpartum

weight retention [16]. Emerging research on partners’ influence on

maternal mental health has found that “coparenting support,” concep-
tualized as support or coordination that parental figures exhibit in

child-rearing activities, is a primary influence on maternal mental

health. Coparenting relationships can be conceptualized as comprising

four overlapping domains: 1) agreement on child-rearing principles

and practices; 2) support versus undermining of each other in the par-

enting role; 3) parental division of labor; and 4) joint family manage-

ment, referring to family system theory’s “executive subsystem,” the

coparental unit that ideally operates cohesively to shape family cul-

ture, guide interaction, and achieve goals [14].

We have previously reported that an intervention designed to

improve coparenting practices also enhances parent–child relation-

ship quality and children’s health, including sleep patterns, self-

soothing, and long-term (5-7 years) emotional, behavioral, and

school adjustment [13, 14, 17]. These improvements in child health

are related to durable improvements in parental stress, depression,

and anxiety and in parenting quality [13, 14]. We hypothesize that

enhanced coparenting support leading to healthy ways to cope with

stress would also lead to improvements in maternal lifestyle and

anthropometry.

However, to our knowledge, there is currently no research exam-

ining the effect of coparenting intervention on improving maternal

lifestyle and weight management following birth. Here, we extend our

previously published reports on the effect of a coparenting-focused

intervention on parental stress and mental health [13, 14] to report

now, for the first time to our knowledge, on the effect of the interven-

tion on postpartum maternal anthropometry. We also assess whether

the intervention impacted relations between stress and anthropome-

try. As stress can result in physiological changes to the hypothalamic

pituitary axis, including alterations in cortisol metabolism, we assess

stress via salivary cortisol. This research will support our future goals

of adapting coparenting interventions to include an additional focus

on support for maternal lifestyle behaviors.

Study Importance

What is already known?

• Although existing research indicates that women’s life-

style during and following pregnancy is positively

influenced by partner support, lifestyle and weight man-

agement interventions in these life stages have been

designed focusing on women in isolation, which may limit

their efficacy.

What does this study add?

• This study highlights that the novel strategy of promoting

partner support and establishing high-quality coparenting

relationships at the transition to parenthood can improve

maternal postpartum anthropometry, even in the absence

of specific diet, physical activity, and behavioral advice.

How might these results change the direction of

research or the focus of clinical practice?

• This intervention effect may be related to the interven-

tion eliminating the link between changes in maternal

cortisol and BMI across the postpartum transition.
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METHODS

Participants and procedures

The Family Foundations study was a randomized, two-arm, controlled

trial exploring how supporting a coparenting relationship in first-time

parents influences child and parent outcomes [14]. The study was

conducted over 2003 to 2006. Recruitment and methodology have

been described previously [14]. Participants included 169 heterosexual

couples recruited through hospitals located in Altoona and Harrisburg

in Pennsylvania. At the time of enrollment, participants were first-time

expectant parents, at least 18 years old and living together. Couples

were recruited at an average gestational age of 22.9 (5.3) years

(Table 1). In this study, a post hoc analysis was performed, in which

data from 110 mothers who participated in survey and saliva sample

collection at wave 1 (pregnancy) and wave 3 (12 months post partum)

were analyzed to examine the intervention effect on maternal BMI

change from before conception to 12 months post partum. Between

the final sample analyzed in this study (N = 110 couples) and the sam-

ple excluded due to the unavailability of saliva data (n = 59 couples),

there were no significant group differences in mothers’ weight at pre-

conception, pregnancy, or 12 months after childbirth or in demo-

graphic characteristics, such as mothers’ age, race, education, and

household income. The study was approved by the Pennsylvania State

University Institutional Review Board. All participants provided signed

informed consent.

Intervention

Couples were randomly assigned to the intervention group (n = 89,

n = 57 for this sub-analysis) or to the control group (n = 80, n = 53

for this subanalysis). Parents in the intervention group participated in

Family Foundations, a series of four sessions including didactic mate-

rial, exercises, and behavioral rehearsal before childbirth and four ses-

sions after childbirth designed to help expectant parents discuss

effective coping and support mechanisms after childbirth [14]. Given

the intervention design as a couple-based program, mothers and

fathers attended sessions together the majority of the time, with

attendance rates highly correlated (r = 0.95). The program included

key themes such as emotional self-management, conflict manage-

ment, problem-solving, communication, and mutual support strategies

that foster positive joint parenting of an infant applied to issues such

as dividing labor, facilitating emotional security, and providing stimula-

tion [14]. Each group consisted of 6 to 10 couples. Sessions were led

by a male–female team who received 3 days of training. Expectant

parents in the control group received a mailed brochure about how to

select quality childcare services and children’s developmental stages.

T AB L E 1 Demographic and health-related characteristics at baseline

All (n = 110) Control (n = 53) Intervention (n = 57)

Mother’s age (y) 28.6 (4.8) 28.8 (5.4) 28.3 (4.2)

Marital status

Married 93 (84.5%) 46 (86.8%) 47 (82.5%)

Nonmarried 17 (15.5%) 7 (13.2%) 10 (17.5%)

Mother’s race/ethnicity

White 103 (93.6%) 50 (94.3%) 53 (93.0%)

Non-White 7 (6.4%) 3 (5.6%) 4 (7.0%)

Gestation weeks 22.2 (5.6) 22.7 (5.6) 21.7 (5.6)

First trimester 3 (2.7%) 2 (3.8%) 1 (1.8%)

Second trimester 83 (75.5%) 38 (71.7%) 45 (79.0%)

Third trimester 24 (21.8%) 13 (24.5%) 11 (19.3%)

Child gender

Girl 44 (40.0%) 19 (35.9%) 25 (43.9%)

Boy 66 (60.0%) 34 (64.2%) 32 (56.1%)

Household income (US$) 64,105.5 (34,445.9) 65,518.9 (36,100.0) 62,767.9 (33,075.9)

Mother’s education (y) 15.2 (1.8) 15.4 (1.9) 15.0 (1.7)

Mother’s depression 0.5 (0.5) 0.4 (0.4) 0.5 (0.6)

Mother’s anxiety 7.0 (3.8) 6.7 (3.9) 7.3 (3.6)

Mother’s cortisol �0.03 (0.4) �0.03 (0.5) �0.03 (0.4)

Mother’s sleep (h/night) 7.7 (1.3) 7.6 (1.3) 7.7 (1.4)

Mother’s physical activity (times/wk physically

active)

1.6 (1.8) 1.6 (1.8) 1.6 (1.9)

Note: Data are presented as mean (SD) or n (%). All variables were measured at wave 1 (in pregnancy) only except for child gender. Child gender was

measured at wave 2 after childbirth.
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Couples in both conditions participated concurrently in standard

childbirth education classes. The intervention and delivery have been

described in detail elsewhere [14]. The average number of prenatal

and postpartum sessions attended were 3.3 and 2.3, respectively, with

84.2% and 56.1% of couples attending at least three prenatal and

postpartum sessions, respectively.

Outcomes

Data were collected at home visits for wave 1 (pregnancy), wave 2 (6

months post partum), and wave 3 (12 months post partum, average

13.6 [0.9] months). Collected outcomes have been described previ-

ously [17], including demographic factors of maternal age, marital sta-

tus, ethnicity (White [non-Hispanic White]/non-White [Black, Asian,

Hispanic, or other]), household income ($US), and maternal education

(years). These included depressive symptoms measured with a subset

of seven items from the Center for Epidemiological Studies Depres-

sion Scale [18], anxiety measured with the 20-item short form of the

Taylor Manifest Anxiety Scale [19], hours of sleep in the past 2 weeks

(including nighttime and naps), physical activity (how many times per

week were you physically active), and breastfeeding for longer than

6 months (coded as breastfeeding or not breastfeeding). Height and

weight were self-reported, with BMI calculated as weight in kilograms

divided by height in meters squared at all waves in addition to a self-

reported preconception weight, which was asked with the question

“What was your weight and height prior to your pregnancy?” with

separate free text fields for pounds and feet/inches.

Salivary cortisol was measured as previously reported [20] at

wave 1 (pregnancy) and wave 3 (12 months post partum). This study

used the first (baseline) sample. Participants were asked not to eat for

1 hour before sample collection. Samples were collected in the after-

noon or early evening (80% after 4 PM) to restrict variations of cortisol

with the typical circadian rhythm. Collected saliva samples were kept

on ice, frozen within 8 hours, stored at �20�C, and transported to Sal-

imetrics Laboratories (State College, Pennsylvania). After arriving at

the laboratories, samples were stored at �70�C and processed within

2weeks for saliva cortisol assay. On the day of cortisol assay, saliva

samples were thawed and centrifuged at 3,000 rpm for 15 minutes to

exclude mucins. Using an enzyme immunoassay for saliva cortisol,

saliva samples were assayed without any modification to the manu-

facturer’s recommended protocol: 25 μL of saliva was used in this test,

and the sensitivity of saliva ranged from 0.007 to 3.0 μg/dL. After

that, as maternal baseline cortisol levels vary depending on maternal

gestation week and data collection time of the day, regression models

were run with these two predictors and constructed residualized cor-

tisol scores. Five outliers were truncated to threshold levels based on

distributional box plots. Residualized scores were multiplied by a fac-

tor of 10 in order to generate comparable variation across variables.

The same procedures were repeated at 12 months post partum, with

the exception that maternal gestation did not factor into residualized

wave 3 baseline cortisol.

Statistical analysis

The aim of the analyses was to examine the association between mater-

nal BMI change from before conception to 12 months post partum,

maternal cortisol change between pregnancy and 12 months post partum

(calculated as study end values [wave 3 at 12 months post partum] minus

study commencement values [preconception or wave 1 at pregnancy for

BMI and cortisol, respectively]), and intervention status. As maternal BMI

in pregnancy is predicted by the week of gestation, residualized BMI

scores were generated by a regression model using gestation week as a

continuous predictor and BMI in pregnancy as a continuous outcome

variable. This residualized BMI score was included in all our analyses to

represent maternal BMI in pregnancy. Independent t tests were used to

determine whether cortisol, weight, and BMI at each time point and the

change from before conception or at pregnancy (for cortisol) to 12

months post partum differed by intervention status. Univariate regres-

sions tested the association between each predictor and maternal BMI

change. Variables significant at p < 0.10 in the univariate analysis or based

on hypothesis testing were included as covariates in the multivariate

regression analysis, with the final model including mothers’ BMI in preg-

nancy, sleeping hours in pregnancy, physical activity in pregnancy, marital

status at baseline, and breastfeeding at 6 months post partum. To exam-

ine whether a psychosocial couple-based prevention program could make

a significant change, we also tested an interaction between maternal cor-

tisol change and intervention status in a multivariate regression model. In

this study, B indicates unstandardized regression coefficient, β indicates

standardized regression coefficient, and SE indicates standard error (SE)

of the regression coefficient. We also conducted simple slope analysis for

the significant interaction between maternal cortisol change and inter-

vention status in the multivariate regression model. In Results, dy/dx indi-

cates the change of y when a unit of x increased. In addition, we included

the continuous variable of attendance rate in the analytic models and

confirmed that findings did not change. In the sample of 110 mothers,

87% were complete cases. A total of 12 mothers (10.9%) were missing in

breastfeeding at wave 2, 2 mothers (1.8%) were missing in BMI at wave

1 or at wave 3, and 1 mother (0.9%) was missing in physical activity at

wave 1. Multiple imputation using multivariate normal distribution was

used to handle missing data (the number of imputations performed = 10

imputations). All data analyses were conducted in Stata 14 (StataCorp,

College Station, Texas).

RESULTS

Participant characteristics

Demographic and health-related characteristics of participating

mothers are presented in Table 1. Average age of mothers was 28.6

(SD 4.8) years at baseline. Of 110 mothers, 84.5% were married, the

average annual household income at baseline was $64,105.5 (SD

$34,445.9), average duration of mothers’ education was 15.2 (SD 1.8)

years, the majority (93.6%) were non-Hispanic White individuals,
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average week of gestation at recruitment was 22.2 (SD 5.6) weeks,

and 60% had a boy. As previously reported, there were no significant

differences in age, income, education, marital status, gestation weeks,

and mental health between these two groups.

Maternal weight and BMI

Table 2 reports maternal anthropometry (weight and BMI) at pre-

conception, pregnancy, and 12 months after childbirth. The

proportion of women who had overweight or obesity (BMI >25) at

preconception was 41.8% for the overall group (45.6% for interven-

tion group and 37.7% for the control group, with no significant dif-

ferences by group). There was no significant difference by

intervention status in maternal weight or BMI at preconception,

pregnancy, or 12 months after childbirth in unadjusted analyses,

with a trend for a lower difference in weight (�2.2 [SEM 1.2] kg)

and BMI (�0.8 [SEM 0.4]) change for the intervention group com-

pared with the control group from before conception to 12 months

post partum.

T AB L E 3 Univariate and multivariate regression models for the change in maternal BMI before conception to 12 months post partum
(wave 3)

Crude B (95% CI) β p Adjusted B (95% CI) β p

Cortisol change (w3-w1) 0.30 (�0.30 to 0.90) 0.24 0.319 0.27 (�0.32 to 0.85) 0.21 0.366

Intervention status

Control (Reference) (Reference)
Intervention �0.77 (�1.65 to 0.10) �0.39 0.082 �1.03 (�1.86 to �0.20) �0.51 0.015

BMI residual (w1) 0.12 (0.04 to 0.19) 0.64 0.002 0.11 (0.03 to 0.19) 0.59 0.006

Marital status (w1)

Non-married (Reference) (Reference)

Married �1.25 (�2.47 to �0.03) �0.52 0.046 �1.18 (�2.39 to 0.03) �0.50 0.056

Sleeping h (w1) �0.04 (�0.36 to 0.29) �0.06 0.819 �0.04 (�0.35 to 0.26) �0.07 0.778

Physical activity (w1) �0.14 (�0.38 to 0.10) �0.23 0.248 �0.08 (�0.30 to 0.15) �0.12 0.508

Breastfeeding (w2) �0.97 (�1.88 to �0.07) �0.54 0.035 �0.70 (�1.56 to 0.17) �0.39 0.111

Note: Data were analyzed by univariate (crude regression coefficients) and multivariate regression results (adjusted regression coefficients).

Abbreviations: w1, wave 1; w2, wave 2; w3, wave 3.

T AB L E 2 Changes in maternal cortisol, weight, and BMI

Preconception Pregnancy (w1) 12 months post partum (w3)
Unadjusted difference—
Preconception to 12 months post partuma

Cortisol (μg/dL)

Intervention – �0.03 (0.04) 0.05 (0.06) 0.08 (0.08)

Control – �0.03 (0.06) �0.06 (0.10) �0.03 (0.12)

Difference – �0.01 (0.08) 0.10 (0.11) 0.11 (0.14)

p – 0.913 0.370 0.436

Weight (kg)

Intervention 69.1 (2.0) 76.3 (2.2) 70.9 (2.3) 1.8 (0.9)

Control 66.2 (2.2) 73.9 (2.2) 70.5 (2.5) 3.9 (0.8)

Difference 2.9 (3.0) 2.5 (3.1) 0.3 (3.4) �2.2 (1.2)

p 0.329 0.431 0.921 0.075

BMI (kg/m2)

Intervention 25.6 (0.7) 28.3 (0.8) 26.3 (0.9) 0.7 (0.3)

Control 24.3 (0.7) 27.2 (0.7) 25.9 (0.8) 1.4 (0.3)

Difference 1.3 (1.0) 1.1 (1.1) 0.4 (1.2) �0.8 (0.4)

p 0.209 0.301 0.753 0.082

Note: Data were analyzed by independent t test and are presented as mean (SEM).

Abbreviations: w1, wave 1; w3, wave 3.
aUnadjusted difference from wave 1 (pregnancy) to wave 3 (12 months post partum).
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Univariate and multivariate models for the change in
maternal BMI

Table 3 presents multivariate regression results. BMI residual was pos-

itively associated with the change in maternal BMI from before con-

ception to 12 months post partum. Furthermore, mothers in the

intervention group were likely to experience a significantly smaller

increase in BMI change from before conception to 12 months post

partum compared with mothers in the control group (B =�1.03,

SE = 0.42, p = 0.015).

On further assessment of an interaction between intervention

group status and maternal cortisol change from pregnancy to 12months

post partum, the direct effect of intervention group status on maternal

BMI change remained significant (B = �0.97, SE = 0.41, p = 0.020),

and the direct effect of maternal cortisol change on maternal BMI

change became significant (B = 0.70, SE = 0.35, p = 0.049). The inter-

action between intervention status and maternal cortisol change was

also significant to predict maternal BMI change (B = �1.31, SE = 0.58,

p = 0.026). This indicates a significant group difference in the effect of

maternal cortisol change on BMI change. As the next step, simple slope

analysis was used to reveal more detailed information about the

association between maternal cortisol change and BMI change in each

group. Table 4 demonstrates that the cortisol change significantly

predicted BMI change among mothers in the control group (dy/

dx = 0.70, p = 0.049); specifically, mothers who experienced a greater

change in cortisol were more likely to experience a greater change in

BMI. However, among mothers in the intervention group, BMI change

was not associated with maternal cortisol change (dy/dx = �0.61,

p = 0.204). Figure 1 demonstrates two separate regressions of the out-

come, maternal BMI change, on the predictor of maternal cortisol

change at specific values of the intervention status as a moderator

(control or intervention group).

DISCUSSION

We report here for the first time, to our knowledge, that a preventive

intervention designed to improve coparenting practices at the transi-

tion to parenthood also improved postpartum maternal anthropome-

try, resulting in a smaller increase in maternal BMI from before

conception to 12 months after pregnancy. We also found that ran-

domization to the coparenting intervention eliminated the inverse

association of change in maternal cortisol with change in maternal

BMI observed in the control group. This finding suggests that inter-

vention participants were better able to maintain a healthy lifestyle

and consequently retain less weight in the face of elevated levels of

stress.

For families who were randomized to Family Foundations, there

was an improvement in postpartum BMI retention, specifically a 0.8-

kg/m2 difference in the change in maternal BMI from before concep-

tion to 12 months after childbirth. This finding did not change when

rate of attendance was included in the analysis. To our knowledge,

this is the first time that an effect of improving coparenting relation-

ships on maternal anthropometry has been reported. Existing litera-

ture reporting on the impact of coparenting-related interventions has

focused predominantly on child and parental social, psychological, and

clinical health outcomes [13, 14, 17]. The literature assessing inter-

ventions to reduce postpartum weight retention has focused solely on

an individual mother’s lifestyle interventions encompassing diet, phys-

ical activity, and/or behavioral change [6]. In a meta-analysis, such

interventions achieved impacts on weight change of 2.24 kg [6],

which is comparable to our finding of an intervention impact of 2.2

kg. We highlight here the novel strategy of achieving improvements in

maternal anthropometry through promoting support from partners

and establishing high-quality coparenting relationships at the challeng-

ing life stage of the transition to parenthood in the absence of specific

diet, physical activity, and behavioral advice.

It is possible that incorporating aspects of coparenting interven-

tions into lifestyle interventions may augment the magnitude of

weight or BMI change already achieved in lifestyle programs (either in

an additive or possibly a multiplicative manner). The latter may come

about as greater coparenting support would likely facilitate increased

support and coordination among parents regarding healthy eating and

activity routines. A prior study of daily fluctuations in family

T AB L E 4 Simple slope analysis for the interaction between
maternal cortisol change and intervention status predicting maternal
BMI change

Categorical moderator

Control group Intervention group

Simple slope 0.70 �0.61

SE 0.35 0.48

Significance 0.049 0.204

Degrees of freedom 94.03

F I GU R E 1 Interaction plot between maternal cortisol change,
maternal BMI change, and intervention status. Data are presented as
mean and SD and were analyzed using simple slope analysis. The light
gray solid line indicates significant slope (p = 0.049) between
mothers’ cortisol change and BMI change for the control group,
whereas the dark gray dotted line indicates nonsignificant slope
(p = 0.204) for the intervention group.
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relationships in the postpartum period found that on days when

mothers exercised more than usual, mothers and fathers reported

more conflict; the same was not true for days on which fathers

exercised more than usual [21]. Furthermore, the benefits of Family

Foundations on child social and psychological health were demon-

strated to be sustained at least to 7 years after birth by teacher report

[17]. Given that postpartum lifestyle interventions showed benefits

for maternal anthropometry only up to 15 months as the longest fol-

low-up [22], it is also possible that the benefits of coparenting inter-

ventions for maternal anthropometry may be sustained over a longer

term. This warrants further investigation.

Exploring the mechanisms of improved maternal anthropometry

in the intervention group relative to the control group is of crucial

importance. In this study, expectant parents in the control group were

mailed a brief pamphlet including general information on selecting

childcare, while the intervention group participated in the Family

Foundations program designed to foster a supportive coparenting

relationship. The beneficial effect of a coparenting intervention on

maternal lifestyle could be related to the positive influence of fathers

supporting their partners’ healthy behaviors. Although weight man-

agement is recognized as challenging, postpartum women face addi-

tional barriers to maintaining a healthy lifestyle [7], including loneliness,

lack of motivation and time due to parenting and domestic tasks, and

prioritization of own health below that of their families [23]. A system-

atic review of 28 qualitative and quantitative studies identified a lack of

physical and emotional support from partners for cooking, exercise,

housework, or childcare as a barrier to adopting and maintaining a

healthy lifestyle [23]. Partner support has been associated with

improved maternal diet and physical activity in lifestyle interventions

with pregnant women [11] or mothers with preschool-aged children

[12]. This is also consistent with prior research that a couples-based

approach to reducing cardiovascular disease risk was more effective in

improving lifestyle factors than an approach focused solely on the

patient [24]. It is therefore crucial to involve a woman’s partner in both

parenting and in supporting a healthy lifestyle following birth.

We report here that the intervention appeared to eliminate the

link between changes in maternal cortisol and BMI across the transi-

tion found in the control group. Stress is defined as when perceived

demands exceed the capacity of an individual to adapt to the

demands. Parenting stress occurs when the demands associated with

parenting exceed the personal and social resources available to meet

the demands [25]. Stress can result in endocrine system responses,

including alterations in the metabolism of cortisol, a glucocorticoid

and steroid hormone with production controlled by the hypothalamic

pituitary adrenal axis [26]. Our results therefore indicate that a wors-

ening of maternal anthropometry from preconception to the postpar-

tum period was associated with a worsening in markers of maternal

stress for mothers in the control group. This suggests that mothers

experiencing increased stress following childbirth may have less

improvement in postpartum BMI and therefore higher risk of obesity

and long-term comorbidities [27]. This is consistent with prior

research in the general population reporting that both higher stress

and cortisol were associated with weight gain [28] through

mechanisms including activation of the hypothalamic pituitary adrenal

axis, sympathoadrenal activity, and increased reward-related or emo-

tional eating [29]. An association between stress and both lower phys-

ical activity and higher weight retention also was reported after

childbirth [30]. Higher serum morning cortisol in late pregnancy in

women with obesity was also associated with greater weight reten-

tion at 3 months after pregnancy [31], and higher conversion of corti-

sone to cortisol was associated with a lesser decrease in 12-month

postpartum BMI [32]. Although we note these associations have not

been consistently reported [33,34], our research supports that corti-

sol, as a marker of stress, is related to worsened maternal anthropom-

etry after childbirth, with implications for increasing long-term

maternal obesity risk.

Although the transition into parenthood is recognized as a highly

stressful period for both mothers and fathers [35], maternal parenting

stress or poorer mental health was shown to be predicted by the level

of perceived emotional or financial parenting support from partners

[8]. Our previous research reported that Family Foundations reduced

levels of parental stress from 6 months through 3.5 years after child-

birth [13], likely by increasing support and reducing conflict. Other

research has demonstrated that social [36] or family support [37]

weakens the association between psychological [36] or economic

stress [37] and higher maternal cortisol in women during pregnancy

[36] or the postpartum period [37]. Here we report a similar finding, in

that Family Foundations protected mothers from the putative nega-

tive effects of cortisol on maternal BMI. This is also consistent with

prior research reporting that greater partner support [8] and positive

emotions during discussions with partners [38] are associated with

improved dietary intake (higher fiber and lower trans fat intake) [8]

and higher levels of walking [8] or leisure time physical activity [39] in

women at 6 to 8 months after childbirth as key behaviors associated

with improved postpartum weight management. Furthermore, in the

general population, stress-management interventions, including mind-

fulness, resulted in decreases in cortisol awakening responses and

smaller increases in weight over 4 months [39].

We note study limitations, including self-reported anthropometry

and retrospective preconception weight report, which can contribute

to response and recall bias; we recommend use of prospective and

objective measures in future research. We note that our population

was largely non-Hispanic, White, heterosexual couples from one geo-

graphic region. As such the generalizability of these findings to other

settings is currently limited. Although we controlled for a wide range of

factors potentially associated with postpartum BMI including sleep

[40], breastfeeding [41], and physical activity [42], we lack data on

other factors such as dietary intake. Although coparenting was the pre-

dominant focus of the intervention, it is possible that the participants

may have learned other skills or information in the intervention that

contributed to improvements in stress or anthropometry. Gestational

weight gain is a key predictor of postpartum weight retention [43] and,

in prior research, mediated the association between third-trimester per-

ceived stress and postpartum weight retention [44]. Further research is

therefore warranted examining the interrelationship between cop-

arenting relationships, stress, cortisol, and weight management across
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both pregnancy and the postpartum period. Future research should also

consider factors potentially associated with alterations in cortisol,

including gestational age, seasonality, and gestational weight gain and

use of multiple samples, diurnal responses, or stress-related activity. In

addition to the demonstrated benefits of Family Foundations for birth

outcomes and child emotional and psychological health, which may be

mediated by improvements in maternal psychological health [13, 14,

17], there may also be potential benefits for other outcomes, including

childhood and paternal obesity [35], which should be explored.

CONCLUSION

Maternal postpartum weight retention is a significant public health

problem associated with adverse maternal, obstetric, fetal, and child

consequences, including increased risk of long-term maternal cardio-

vascular disease and obesity. A coparenting-focused intervention,

Family Foundations, improved maternal postpartum anthropometry,

with this effect potentially related to the intervention ameliorating

the negative effect of stress (as measured by cortisol) on lifestyle,

weight, and BMI. The potential of coparenting relationship enhance-

ment for improving maternal anthropometry therefore warrants

urgent attention. Future research should investigate whether com-

bining coparenting and lifestyle interventions could augment and

sustain postpartum anthropometric improvements and provide addi-

tional benefits on child and paternal anthropometry.O
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