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Abstract

Background: Despite high infant mortality rates in the United States relative to other developed 

countries, little is known about survey participation among mothers of deceased infants.

Objective: To assess differences in survey response, contact and cooperation rates for mothers 

of deceased versus. living infants at the time of survey mailing (approximately 2–6 months 

postpartum), overall and by select maternal and infant characteristics.

Methods: We analysed 2016–2019 data for 50 sites from the Pregnancy Risk Assessment 

Monitoring System (PRAMS), a site-specific, population-based surveillance system of mothers 

with a recent live birth. We assessed differences in survey participation between mothers of 

deceased and living infants. Using American Association for Public Opinion Research (AAPOR) 

standard definitions and terminology, we calculated proportions of mothers who participated 

and were successfully contacted among sampled mothers (weighted response and contact rates, 

respectively), and who participated among contacted mothers (weighted cooperation rate). We 

then constructed multivariable survey-weighted logistic regression models to examine the adjusted 

association between infant vital status and weighted response, contact and cooperation rates, 

within strata of maternal and infant characteristics.

Results: Among sampled mothers, 0.3% (weighted percentage, n = 2795) of infants had records 

indicating they were deceased at the time of survey mailing and 99.7% (weighted percentage, n 
= 344,379) did not. Mothers of deceased infants had lower unadjusted weighted response (48.3% 

vs. 56.2%), contact (67.9% vs. 74.3%) and co-operation rates (71.1% vs. 75.6%). However, after 

adjusting for covariates, differences in survey participation by infant vital status were reduced.
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Conclusions: After covariate adjustment, differences in PRAMS participation rates were 

attenuated. However, participation rates among mothers of deceased infants remain two to four 

percentage points lower compared with mothers of living infants. Strategies to increase PRAMS 

participation could inform knowledge about experiences and behaviours before, during and shortly 

after pregnancy to help reduce infant mortality.
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1 | BACKGROUND

In 2019, 20,921 deaths among infants <1 year occurred in the United States (US).1 While 

infant deaths have continued to decline over the last two decades,2,3 they remain high in 

the United States (5.6 deaths per 1000 live births in 2019)1 relative to other developed 

countries.4 Many maternal preconception, prenatal and postpartum health behaviours and 

experiences are associated with reduced infant mortality risk (e.g. adequate prenatal care,5–8 

folic acid supplementation,9–13 not smoking or smoking cessation,14–16 breastfeeding17–19 

and safe infant sleep practices20,21). Population-based surveillance of maternal behaviours 

around the time of pregnancy is important for monitoring the prevalence of risk factors 

associated with leading causes of infant mortality such as birth defects, low birthweight, 

preterm birth and sleep-related infant deaths.22 Importantly, data collected from mothers 

of deceased infants can be used to prioritise and inform programmatic strategies to reduce 

infant mortality risk.23,24 However, population-based data, including participation in survey 

research, from these mothers is limited.25

In 1987 the Centers for Disease Control and Prevention (CDC) established the Pregnancy 

Risk Assessment Monitoring System (PRAMS) to reduce infant mortality and low 

birthweight in the United States by providing actionable data to influence maternal 

behaviours, during and immediately after pregnancy.25 PRAMS, a site-specific, population-

based surveillance system, collects self-reported data from mothers with a recent live 

birth on maternal behaviours and experiences before, during and shortly after pregnancy.26 

PRAMS data have been used to measure progress on public health priorities for improving 

the health of mothers and their infants (e.g. safe infant sleep practices, maternal mental 

health and preconception, prenatal and postpartum health behaviours).27,28 Although 

mothers whose infants died after delivery have always been eligible for the PRAMS 

sample, little is known about their participation rates. We assessed differences in survey 

response, contact and cooperation rates for mothers of deceased versus. living infants at 

the time of survey mailing (approximately 2–6 months postpartum) overall, and by select 

characteristics.

2 | METHODS

2.1 | Data source

We analysed operational data (e.g. rates of survey participation) from 2016–2019 PRAMS 

for all 50 participating sites (46 states, the District of Columbia, New York City [NYC], 
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New York state [excluding NYC], and Puerto Rico) (Figure 1) and selected items from the 

birth certificate available in the PRAMS dataset.29

Mothers with a recent live birth are randomly sampled from birth certificate files 2–6 months 

postpartum. While not all people who are sampled identify as mothers, PRAMS does not 

collect data on gender identity. Therefore, the term ‘mothers’ is used to align with the 

birth certificate. Adoptive mothers and gestational carriers are excluded from the sampling 

frame. Mothers whose infants died after delivery and are identified as deceased on the 

birth certificate are eligible for inclusion in the sampling frame. Most sites (80%) review 

and match death certificate files to birth certificate files to ensure appropriate materials are 

mailed to mothers of deceased infants.

Each site follows a standardised protocol utilising mixed-mode data collection 

methodologies where prospective participants are first contacted via an introductory letter, 

followed by a survey packet mailing approximately one week later. Each mailing includes 

a cover letter describing PRAMS, an informed consent document, the survey, and a pre-

addressed and stamped return envelope. Mothers whose infants were identified as deceased 

at the time of mailing are sent the same survey as mothers of living infants. All surveys, 

regardless of infant vital status, include language sensitive to loss and instructions to skip 

questions related to infant care (e.g. breastfeeding and safe infant sleep) if a loss occurred. A 

different introductory letter is included with the survey when it is known that the infant has 

died; however, all letters, regardless of infant vital status, offer condolences for a possible 

loss as some infant deaths might not be identified before survey mailing. Some sites have 

also opted to modify other materials to be sensitive to infant loss (e.g. survey cover of the 

survey booklet, rewards, incentives [e.g. baby items are not sent to mothers of deceased 

infants]). All non-respondents who have not returned a survey after three mailings are 

contacted via telephone to participate. Surveys completed via telephone include the same 

questions and language sensitive to loss as the mailed surveys. Before starting the interview, 

interviewers offer condolences to mothers known to have a deceased infant. Additional 

details about the PRAMS methodology have been described elsewhere.26

2.2 | Exposure

Birth certificate data on vital status and, when available, updated information on infant 

deaths at the time of survey mailings were used to identify mothers of deceased infants for 

this analysis. Infants were identified as deceased on the birth certificate using information 

from the item, ‘Infant living at the time of the report’. Information on whether infants were 

identified as deceased using another method (e.g. death certificate) was determined by using 

an operational variable in the dataset that was updated by PRAMS site staff. We examined 

the following characteristics from the birth certificate included in the dataset: maternal 

age (in years; <20, 20–34, ≥35); race/ethnicity (non-Hispanic Black, non-Hispanic other 

[categorised as non-Hispanic Asian/Pacific Islander, non-Hispanic American Indian/Alaska 

Native, mixed race or other because small numbers of infant deaths among mothers sampled 

from these populations precluded analysis], non-Hispanic White, Hispanic); education 

(≤high school diploma or GED, some college, ≥Bachelor’s degree); payment for delivery 

(private [private, Champus/Tricare], Medicaid or other government insurance, uninsured 
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[self-pay, Indian Health Service, other, not specified]); parity (primipara [no previous live 

births], multipara [≥1 previous live births]) infant gestational age (in completed weeks; 

extremely to very preterm [<32], moderate-to-late preterm [32–36], term [≥37])30; and any 

infant birth defect (yes, no).

2.3 | Outcomes

Each site’s dataset is weighted to represent the population of mothers who delivered a 

live-born infant during the study year. Respondents were defined as mothers randomly 

selected to participate in PRAMS, with a live birth during January 2016–December 2019, 

and who had completed at least 25% of questions on the core PRAMS survey. Sites 

are strongly advised to re-contact respondents if <75% is complete, and encouraged to 

re-contact respondents if 75–95% is complete. Using American Association for Public 

Opinion Research (AAPOR) standard definitions and terminology (AAPOR RR6, COOP4), 

we examined PRAMS response, contact and cooperation rates.31 The weighted response rate 
was calculated as the ratio of the sum of the base weights (inverse of the probability of 

selection) for eligible mothers who completed or partially completed the survey to the sum 

of the base weights for all sampled mothers that were eligible to participate. The weighted 

contact rate was calculated as the ratio of the sum of the base weights for mothers who 

surveyors had any direct communication with to the sum of base weights for all sampled 

mothers that were eligible to participate. Direct communication for this analysis was defined 

as a completed or partially completed mail survey that was returned or an incomplete survey 

that was intentionally returned (i.e. not marked as undeliverable), a mother who called the 

site’s PRAMS number after receiving the mailed survey packet, or mothers directly reached 

by phone. The weighted cooperation rate was calculated as the ratio of the sum of the base 

weights for all mothers who completed or partially completed the survey to the sum of the 

base weights for all mothers who were successfully contacted to participate.

2.4 | Statistical analysis

We performed descriptive statistics using percentages and 95% confidence intervals (CIs) to 

describe the sample overall, and by infant vital status for select characteristics. The weighted 

percentages and unweighted sample sizes are presented. We calculated unadjusted and 

adjusted response, contact and cooperation rates by using the average marginal predictions 

approach to logistic regression models and then generating rate ratios (RR) with their 

associated 95% CI32 to examinate associations between survey participation and selected 

characteristics. We first constructed separate bivariate survey-weighted logistic regression 

models to estimate the three unadjusted rates of survey participation for each selected 

characteristic, including infant vital status. We then constructed three separate survey-

weighted multivariable models to compute the three adjusted rates of survey participation 

(response, contact and cooperation) for infant vital status, controlling for all previously 

mentioned characteristics, and US Census region.33 Characteristics were selected a priori 

based on measures associated with PRAMS response rates25 or those associated with high 

rates of infant mortality.3 The total number of infant deaths at the time of survey mailing 

across years from each site ranged from 9 to 254; small numbers precluded comparisons 

within and between sites. The wide variation in infant deaths by site is likely attributable, in 

part, to differences in stratification sampling plans. For example, sites that ever stratified by 
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birthweight (low birthweight is a leading cause of infant mortality)3 during the study period 

accounted for approximately two-thirds of infants who were deceased in the sample.

We then constructed multivariable survey-weighted logistic regression models to examine 

the adjusted association between infant vital status and weighted response, contact and 

cooperation rates, within strata of selected characteristics. Separate models were constructed 

for each characteristic to estimate (1) adjusted response, contact and cooperation rates by 

characteristic and infant vital status at the time of survey mailing and (2) adjusted RR (aRR) 

to compare mothers of deceased with mothers of living infants within subgroups. Each 

model was adjusted for US Census region33 and all other selected characteristics examined 

and included an interaction term between the respective characteristic being examined and 

infant vital status.

All analyses were conducted with SAS v 9.4 (SAS Institute, Cary, NC) and SUDAAN 11.0.3 

(RTI International, Research Triangle Park, NC) to account for the complex survey design 

and weighted to account for differential probabilities of selection. Results are presented as 

unadjusted RR and aRR with corresponding 95% CIs.

2.5 | Missing data

Overall, missing data accounted for <5% of observations; therefore, we did not impute 

missing data. Among mothers sampled, 347,363 had data about infant vital status at the 

time of survey mailing (n = 604 [0.3%] missing) and select characteristics from the birth 

certificate (n = 9363 [2.0%] missing).

2.6 | Ethics approval

This secondary data analysis was exempt from institutional review board (IRB) review. 

CDC’s and PRAMS sites’ IRBs reviewed and approved the PRAMS study protocol.

3 | RESULTS

During 2016–2019, at the time of survey mailing, 0.3% (n = 2795) of infants had records 

indicating they were deceased and 99.7% (n = 344,568) of infants did not have any records 

indicating they were deceased (Table 1). Of infants who were deceased, 66.7% of deaths 

were identified on the birth certificate and 33.3% were identified from other sources 

(e.g. death certificate). A higher proportion of mothers of deceased infants, compared 

with mothers of living infants, were ≥35 years (21.4% vs. 17.2%), non-Hispanic Black 

(31.8% vs. 15.3%) and primiparous (42.7% vs. 38.1%). A higher proportion of mothers of 

deceased infants also had ≤high school level education (49.2% vs. 38.7%), delivery paid 

with Medicaid or other government insurance (52.5% vs. 43.4%), infants who were born 

extremely to very preterm (66.2% vs. 1.2%), or moderate-to-late preterm (12.2% vs. 7.8%), 

and infants born with a birth defect (7.2% vs. 0.3%).

In unadjusted analyses (Table 2, Figure 2), mothers of deceased infants had lower weighted 

response (48.3% vs. 56.2%; RR 0.86, 95% CI 0.79, 0.93), contact (67.9% vs. 74.3%; 

RR 0.91, 95% CI 0.87, 0.96) and cooperation rates (71.1% vs. 75.6%; RR 0.94, 95% 

CI 0.89, 0.99) compared with mothers of living infants. Overall response, contact and 
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cooperation rates were lower among mothers whose infants were deceased compared with 

living (Table 2), who were ≤34 years compared with ≥35 years, were non-Hispanic Black, 

or Hispanic compared with non-Hispanic White, had an associate’s degree or less education 

compared with a bachelor’s degree or higher, whose delivery was paid with Medicaid or 

other government insurance, self-payment or other method, not specified compared with 

private insurance, and whose infant was born preterm (≤36 weeks gestation) compared with 

term (≥37 weeks gestation). Overall response and cooperation rates were also lower among 

mothers who were multiparous compared with primiparous.

After adjusting for selected characteristics and US Census Region, differences in survey 

participation were attenuated between mothers of deceased infants compared with mothers 

of living infants; however, participation rates remained lower among mothers of deceased 

infants: response (52.5% vs. 56.2%; aRR 0.93, 95% CI 0.87, 1.01), contact (70.9% vs. 

74.3%; aRR 0.95, 95% CI 0.91, 1.00) and cooperation rates (73.7% vs. 75.6%; aRR 0.98, 

95% CI 0.93,1.03) (Table 3, Figure 2).

For each selected characteristic examined, adjusted response, contact and cooperation rates 

were generally lower among mothers of deceased infants (Table 3). In particular, lower 

response rates were observed between mothers whose infants were deceased compared with 

mothers whose infants were living among mothers whose infant was born extremely to very 

preterm, (49.9% vs. 55.5%; aRR 0.90, 95% CI 0.82, 0.99).

Similarly, contact rates differed by infant vital status, with mothers of infants who were 

deceased being less likely to be successfully contacted compared with mothers of living 

infants. Specifically, mothers of deceased infants were less likely to be successfully 

contacted if they were Hispanic (63.8% vs. 73.9%; aRR 0.86, 95% CI 0.75, 0.99), had a 

≤high school level education (64.2% vs. 70.5%; aRR 0.91, 95% CI 0.84, 0.98), had their 

delivery paid with Medicaid or other government insurance (69.0% vs. 74.3%; aRR 0.93, 

95% CI 0.87, 0.99), were multiparous (68.8% vs. 74.3%; aRR 0.93, 95% CI 0.87, 0.99), or 

whose infant was born extremely to very preterm (66.7% vs. 73.7%; aRR 0.90, 95% CI 0.85, 

0.96) compared with mothers of living infants.

Cooperation rates were generally higher compared with response and contact rates, 

regardless of infant vital status. For most characteristics, there was a slight decrease 

observed in cooperation rates between mothers of deceased infants compared with mothers 

of living infants when examined by each characteristic.

4 | COMMENT

4.1 | Principal findings

In this study, unadjusted participation rates for PRAMS were generally five to eight 

percentage points lower for mothers of deceased infants compared with mothers of living 

infants at the time of survey mailing. Furthermore, after covariate adjustment, differences 

in response, contact and cooperation rates were reduced to two to four percentage points, 

suggesting that when co-occurring characteristics are considered, differences in response 

rates between mothers of deceased infants and mothers of living infants were attenuated. 
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Higher cooperation rates overall compared with response and contact rates, regardless of 

infant vital status, indicate that once mothers were successfully reached, many completed 

the PRAMS survey. However, among subpopulations where response and contact rates were 

lower, strategies are needed to reach mothers and improve participation.

4.2 | Strengths of the study

During 2016–2019, PRAMS represented approximately 83% of live births in the United 

States. Since mothers are sampled using birth certificate files, the PRAMS dataset includes 

select birth certificate variables, which allowed us to examine survey participation rates by 

several characteristics, including infant vital status.

4.3 | Limitations of the data

First, while PRAMS data are collected at the site level, we were unable to compare response 

rates between sites by infant vital status because of the small number of deaths among 

infants who were sampled in some sites. As PRAMS response rates and US infant mortality 

rates vary widely between sites,3,34 it is likely that response rates also vary widely by infant 

vital status between sites.

Second, while we were able to determine whether infants were deceased at the time of 

survey mailing, data were not available on the timing or cause of death, which might 

influence survey response.

Third, we were unable to determine if an infant died after survey mailing, unless a mother 

had completed the survey; however, data were only available for respondents and therefore 

was not used in this analysis. Among respondents, 0.2% of mothers whose infants were alive 

at the time of survey mailing reported their infants were deceased when they completed the 

survey. While some infant deaths that occurred after birth certificate issuance might have 

been captured for sites who reviewed death certificate files before survey mailing, others 

might not have been accounted for if deaths occurred after mailing. In addition, for sites who 

did not match infant vital status with death certificates, only early neonatal deaths would 

have been captured on the birth certificate. Response rates might also differ between mothers 

of infants who died during the neonatal (≤27 days) compared with the postneonatal (28–364 

days) period; however, this information was not available in PRAMS. This is an important 

limitation as infant deaths are officially defined as those that occur up to an infant’s first 

birthday; however, most PRAMS surveys are mailed between 2–6 months postpartum, with 

the majority being mailed and completed around 3 months postpartum. Therefore, infant 

deaths later in infancy are not captured in PRAMS.

Lastly, for mothers with multiple gestation births, it is possible infant vital status might have 

varied between infants which could influence response. However, we were unable to assess 

vital status for those infants of multiple gestation that were not sampled.

4.4 | Interpretation

We found the overall unadjusted weighted response rates for mothers of deceased and 

living infants during 2016–2019 were 48.3% and 56.2% respectively. Comparatively, an 
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earlier study of 2001 PRAMS data found a similar eight percentage point gap in unadjusted 

response rates between mothers of deceased (66%) and living (74%) infants25; however, 

after adjusting for selected characteristics, we found the gap in response rates narrowed 

considerably. Of note, in our analysis, response rates were noticeably lower compared with 

earlier studies examining response rates by infant vital status; however, general declines in 

response rates have been a common occurrence across survey research in recent years.35

While there was less variation in survey participation between mothers of living and 

deceased infants when examined by selected characteristics, overall, there was variation 

in response, contact and cooperation rates by these same characteristics in unadjusted 

analyses. In unadjusted analyses, mothers whose infants were born preterm had lower 

overall response, contact and cooperation rates compared with mothers whose infants were 

born term. In adjusted analyses, while rates were similar among mothers whose infants 

were born moderate-to-late preterm or term, for those whose infants were born extremely 

to very preterm, response and contact rates were lower among mothers whose infants were 

deceased at the time of survey mailing. Mothers whose infants were born extremely to very 

preterm also had the highest proportion of infants who were deceased at the time of survey 

mailing (66.2%) compared with mothers whose infants were born at a later gestational 

age (moderate-to-late preterm 12.2%; term 21.6%). Improving the participation of mothers 

whose infants have died might also improve participation among mothers whose infants are 

at higher risk for infant mortality. These findings, that differences in survey participation 

exist by infant gestational age and continue by infant vital status among mothers whose 

infants are born extremely to very preterm, highlight an opportunity to identify what drives 

these differences and to improve the sensitivity of and further tailor PRAMS data collection 

protocols.36 Identifying strategies to improve response rates overall, and in particular, among 

mothers who have had a traumatic birth experience in a respectful way, are needed.

More recently, surveillance projects have focused on the feasibility of reaching mothers 

who experienced a stillbirth using methodology adapted from PRAMS in both Georgia37 

and Utah,38 as PRAMS has historically not sampled mothers who experienced stillbirth. In 

Georgia, 40% of mothers and in Utah, 57% of mothers who experienced stillbirth completed 

the survey. Higher response rates in Utah might be attributable to the unique incentives 

tailored for mothers of stillborn infants and bereavement training of interviewers.38 

Adapting similar strategies might be one approach to improve PRAMS response rates 

among mothers of infants who were deceased at the time of survey mailing.

Surveys, such as PRAMS, should continue attempts to minimise non-response bias and 

capture the preconception, prenatal and postpartum health behaviours and experiences 

of all mothers sampled, especially those at higher risk of adverse maternal and infant 

health outcomes, including infant mortality. Population-based data can be used to inform 

programs and initiatives to improve health outcomes and eliminate health disparities. Better 

understanding the reasons mothers might not participate, as well as reasons mothers do 

participate in PRAMS, would help inform efforts to improve participation.
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5 | CONCLUSIONS

Our findings indicate overall survey participation is lower for mothers of deceased infants 

than mothers of living infants in unadjusted analyses. However, overall differences in 

response, contact and cooperation rates by infant vital status were attenuated in adjusted 

analyses. Strategies to increase PRAMS participation are needed and could further help 

inform knowledge about experiences and behaviours before, during and shortly after 

pregnancy to help reduce infant deaths.
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Synopsis

Study question

Among mothers sampled for the Pregnancy Risk Assessment Monitoring System 

(PRAMS), do participation rates differ between mothers of deceased and mothers of 

living infants?

What is already known

Population-based data from mothers of deceased infants, including their willingness to 

participate in research, is limited.

What this study adds

Unadjusted participation rates for PRAMS were generally five to eight percentage points 

lower for mothers of deceased infants compared with mothers of living infants at the time 

of survey mailing. After adjustments for conofounders, differences in response, contact 

and cooperation rates were attenuated. However, results suggest that participation rates 

remain two to four percentage points lower among mothers of deceased infants.
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FIGURE 1. 
Data included in the analysis by study year from the Pregnancy Risk Assessment Monitoring 

System during 2016–2019
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FIGURE 2. 
Comparison of unadjusted and adjusteda survey participation rates between mothers of 

deceased and living infants;
aAdjusted for US Census Region, maternal age, race/ethnicity, education, payment for 

delivery, parity, infant gestational age at delivery, and any infant birth defect
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