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The Preconception Period Analysis of Risks and Exposures Inf luencing Health and Development (PrePARED)
Consortium creates a novel resource for addressing preconception health by merging data from numerous
cohort studies. In this paper, we describe our data harmonization methods and results. Individual-level data
from 12 prospective studies were pooled. The crosswalk-cataloging-harmonization procedure was used. The
index pregnancy was defined as the first postbaseline pregnancy lasting more than 20 weeks. We assessed
heterogeneity across studies by comparing preconception characteristics in different types of studies. The pooled
data set included 114,762 women, and 25,531 (22%) reported at least 1 pregnancy of more than 20 weeks’
gestation during the study period. Babies from the index pregnancies were delivered between 1976 and 2021
(median, 2008), at a mean maternal age of 29.7 (standard deviation, 4.6) years. Before the index pregnancy,
60% of women were nulligravid, 58% had a college degree or more, and 37% were overweight or obese.
Other harmonized variables included race/ethnicity, household income, substance use, chronic conditions, and
perinatal outcomes. Participants from pregnancy-planning studies had more education and were healthier. The
prevalence of preexisting medical conditions did not vary substantially based on whether studies relied on self-
reported data. Use of harmonized data presents opportunities to study uncommon preconception risk factors and
pregnancy-related events. This harmonization effort laid the groundwork for future analyses and additional data
harmonization.

consortia; data harmonization; preconception period; pregnancy; pregnancy complications

Abbreviations: aRD, adjusted risk difference; BMI, body mass index; CDE, common data element; CI, confidence interval; GDM,
gestational diabetes mellitus; GH, gestational hypertension; NA, North American; PE, preeclampsia; PrePARED, Preconception
Period Analysis of Risks and Exposures Inf luencing Health and Development.

Recent initiatives have focused on data harmonization
as a key component of pregnancy-related research (1, 2).
The Preconception Period Analysis of Risks and Exposures
Influencing Health and Development (PrePARED) Consor-
tium was formed in 2018 to address gaps in preconception
research (3). Harmonizing multiple studies increases the
utility of the data and improves statistical power to study

uncommon exposures or outcomes. Well-harmonized data
can also be used to evaluate effect modification, appro-
priately account for multiple confounding factors, increase
the generalizability of study results, and boost power for
population subgroups.

Despite these benefits, the potential of the harmonized
data depends on the quantity and quality of the original
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data (4). A major challenge is to determine the compat-
ibility of collected data (5–7). Studies may vary in data
sources (questionnaires vs. medical records or vital statistics
data) and follow-up methods (in-person visits vs. mailings
or online questionnaires), and data collection instruments
can include questions which appear similar but are subtly
different (8). Whether variables from questionnaires can be
harmonized depends on the questions, what prompts are
used, how ambiguous answers are coded, how missing data
are treated, and how variables are constructed or derived
after data have been collected (5).

Moreover, it can be challenging to harmonize studies with
populations that differ by legal and governmental jurisdic-
tion, eligibility criteria, sociodemographic characteristics,
health-care system, and social context (9). For studies of
pregnancy or preconception, another challenge is to account
for the possibility of more than 1 pregnancy and the varying
times between exposure assessment and pregnancy. Prospec-
tive studies of reproductive-age women usually enroll either
individuals who are actively planning to conceive or indi-
viduals regardless of pregnancy intention (10). Enrolling
individuals regardless of pregnancy intention allows capture
of the natural history of reproductive events but creates
more variability in exposure assessment relative to preg-
nancy, while in studies recruiting pregnancy planners only,
participant eligibility may depend on time to pregnancy and
fertility treatments (11–14). Changes in health habits and
exposures may also be related to pregnancy intentions (15,
16).

Most of the literature has focused on analyzing harmo-
nized data instead of describing harmonization processes
and methods, even though these methods may affect study
validity (5). This report describes the steps taken to harmo-
nize data across studies in the PrePARED Consortium. In
addition, we compare the prevalence of preconception risk
factors and the incidence of adverse pregnancy outcomes by
study type (studies that recruit pregnancy planners vs. stud-
ies that recruit participants regardless of pregnancy intent)
and data collection modality (exclusively self-reports vs.
medical records or a combination of medical/birth certificate
records and self-reports).

METHODS

Study and participants

The PrePARED Consortium includes 12 studies pooling
data from more than 114,762 female participants studied
during the years 1973–2021. Detailed inclusion and exclu-
sion criteria may be found elsewhere (3). Studies in the
PrePARED Consortium include individuals who are actively
planning pregnancy (referred to as “planners”), as well as
studies examining reproductive-age women generally that
also collect data on pregnancy characteristics and outcomes
(for brevity, referred to as “unselected” participants, since
they are an unselected group with respect to pregnancy
intention). The studies that shared individual-level data
through December 2021 were included in this article (see
Table 1; more information about each study is provided in
the Web Appendix, available at https://doi.org/10.1093/aje/

kwad153). Although 3 studies collected data on couples,
harmonization of data in the present article was limited to
female participants.

For this article, we defined an overall sample and a birth
group. First, participants from the general-population stud-
ies were included in the overall sample if they had at least
2 follow-up evaluations during ages 18–50 years. While this
limited the overall sample to participants who were not lost
to follow-up, it ensured that the preconception data were
collected prospectively relative to pregnancy and that studies
which enrolled children captured sufficient information in
adulthood. We also included participants aged 18–50 years
at enrollment from the studies of pregnancy planners. Next,
we created a “birth group” to include participants who had
an “index pregnancy” from all studies (Figure 1). To ensure
that preconception information was captured, the “index
pregnancy” for each participant was defined as the first preg-
nancy in which conception occurred after baseline and lasted
more than 20 weeks or resulted in livebirth or stillbirth. In
other words, participants who never became pregnant after
enrollment or who became pregnant but whose pregnancies
lasted less than 20 weeks were excluded from this group.

Harmonization approach

We applied the crosswalk-cataloging-harmonization pro-
cess (17) (Figure 2). During the crosswalk step, we used
a spreadsheet to document available variables from each
cohort and organized them by data concept (e.g., education,
income, tobacco use). During the cataloging step, we identi-
fied common data elements (CDEs) from PhenX (18) or the
National Institutes of Health CDE Repository (https://cde.
nlm.nih.gov/home) within each data concept for sociode-
mographic, lifestyle, and pregnancy-related baseline vari-
ables (Web Table 1). If a CDE could not be identified or
an identified CDE could not be applied across studies, a
definition was created to incorporate the maximum amount
of information from each study (5).

During the harmonization step, when variables across
studies were not identical, we used 2 different approaches:
calibration—converting data into the same unit of mea-
surement—or standardization, such as using study-specific
quartiles. For example, information on numbers of alco-
holic drinks (beer, wine, liquor) consumed was collected
differently across studies (per week or per day), but data
were harmonized to the same time period. For time-varying
preconception covariates that were measured repeatedly,
the latest measurement taken before the index pregnancy
was used. The length of time between the preconception
measurement and the start of pregnancy was also calculated.

Variables for harmonization

Table 2 shows data availability for variables that were not
available across all studies.

Demographic characteristics. The following variables were
harmonized for all participants in the overall sample.

Age at baseline. Age at enrollment was shared as a cate-
gorical variable in 1 study and as a continuous variable in all
others. We converted the categorical data from the 1 study
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Data Harmonization Across Studies in PrePARED 2035

Table 1. Studies Included in the PrePARED Consortium, 1973–Present

Cohort Study Original Sampling Frame Study Location(s) Study Period
Only Persons Who

Intended to Conceive?

ALSWH Representative samples of
Australian women

Australia (national) 1996–present No

BHS Black and White semirural men
and women

Louisiana, United States 1973–present No

CARDIA Study 50% Black and 50% White men
and women

Alabama, Illinois, Minnesota,
and California, United
States

1985–present No

EAGeR Study Women with 1–2 prior
pregnancy losses attempting
pregnancy

Utah, New York,
Pennsylvania, and
Colorado, United States

2006–2012 Yes

EPS Women from the Research
Triangle area of North
Carolina

North Carolina, United
States

1982–2010 Yes

GUTS Children of nurses in North
America

United States (national) 1996–present No

HCHS/SOL Self-identified Hispanic/Latino
men and women in the
United States

New York, Illinois, Florida,
and California, United
States

2008–present No

HOPE Study Heterosexual couples
attempting pregnancy

Utah, United States 2011–2015 Yes

LIFE India Married women Telangana State, India 2009–present Yes

NHS3 Nurses United States and Canada
(national)

2010–present No

PRESTO Couples attempting pregnancy United States and Canada
(national)

2013–present Yes

TTP Study Women attempting pregnancy Utah, United States 2003–2005 Yes

Abbreviations: ALSWH, Australian Longitudinal Study on Women’s Health; BHS, Bogalusa Heart Study; CARDIA, Coronary Artery Risk
Development in Young Adults; EAGeR, Effects of Aspirin in Gestation and Reproduction; EPS, Early Pregnancy Study; GUTS, Growing Up
Today Study; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; HOPE, Home Observation of Periconceptional Exposures; LIFE
India, Longitudinal Indian Family Health Pilot Study; NHS3, Nurses’ Health Study 3; PrePARED, Preconception Period Analysis of Risks and
Exposures Inf luencing Health and Development; PRESTO, Pregnancy Study Online; TTP, Time to Pregnancy in Couples of Proven Fecundity.

into a continuous variable by taking the midpoint of each
age interval.

Race/ethnicity and country of current residence. Data on
self-identified race and ethnicity were collected in North
American (NA) studies only. In the Australian Longitu-
dinal Study on Women’s Health, participants were asked
about the continent on which they were born (Australian-
born, other English-speaking background, Europe, Asia,
or other). Self-identified race/ethnicity and country of cur-
rent residence were categorized as follows: NA Hispan-
ic/Latina; NA non-Hispanic White; NA non-Hispanic Black
or African-American; NA non-Hispanic Asian; NA non-
Hispanic other race or multiracial; Indian (living in India); or
Australian.

Education. Self-reported information on education was
available in all studies, and the variable was harmonized as
follows: less than 12 years of schooling (i.e., less than high
school), 12 years of schooling (i.e., high school or equiv-
alent), 13–14 years of schooling (i.e., associate’s degree
or some college), and more than 14 years of schooling

(i.e., college degree or more). In the 2 studies where years
of education was collected, it was converted into 4 cate-
gories according to the education system of the participant’s
country.

Income. Data on self-reported household income were
available in 10 studies. To adjust for differences in currency
across countries and between different years, self-reported
annual household income from a single year and country
were categorized into quartiles.

Health conditions, body mass index, and lifestyle behavioral
factors. The variables listed below were harmonized for all
participants in the overall sample. Whether information was
self-reported or measured is summarized in Web Table 2.

Preexisting health conditions. Data on self-reported
preexisting medical history of type 1 or type 2 diabetes
and chronic hypertension, regardless of medication use,
were available in 10 studies and were categorized as binary
variables separately. In 2 studies, fasting blood glucose
and glucose tolerance and blood pressure for diagnosis
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BHS 
(n = 1,803)

BHS 
(n = 1,144)

Participants 
Who Only 
Had 1 Visit 

After Age 18 
(n = 659)

CARDIA
(n = 5,114)

CARDIA 
(n = 2,787)

Male 
Participants 
(n = 2,327 )

LIFE India 
(n = 1,217)

LIFE India 
(n = 950)

Ineligible Participants

Participants who did 
not have a pre-
pregnancy visit 
(n = 237)

Participants aged 
<18 years at pre-
pregnancy visit 
(n = 30)

GUTS 
(n = 15,038)

GUTS 
(n = 11,397)

Participants 
Who Only Had 

1 Visit After 
Age 18 Years
(n = 3,641)

NHS3
(n = 48,935)

NHS3
(n = 48,566)

Ineligible Participants

Male participants 
(n = 328)

Female participants 
aged >50 years at 
enrollment (n = 41)

ALSWH, 1973–1978 (n = 14,247)

ALSWH, 1989–1995 (n = 17,010)

EAGeR (n = 1,228)

HCHS/SOL
(n = 9,835)

HCHS/SOL 
(n = 5,694)

Participants 
Aged >50 
Years at 

Enrollment 
(n = 4,141) 

EPS (n = 221)

HOPE (n = 181)

PRESTO (n = 11,194)

TTP (n = 143)

Overall Sample 
(n = 114,762) 

Birth Group
(n = 25,531) 

Participants Who Had No Pregnancy 
of At Least 20 Weeks’ Gestation

During the Study Period

ALSWH, 1973–1978 (n = 5,843)
ALSWH, 1989–1995 (n = 16,267)
BSH (n = 378) 
CARDIA (n = 1,406)
EAGeR (n = 628)
EPS (n = 85)
GUTS (n = 8,759)
HCHS/SOL (n = 5,140) 
HOPE (n = 78)
LIFE India (n = 334)
NHS3 (n = 43,394)
PRESTO (n = 6,881) 
TTP (n = 38)

Figure 1. Compilation of the overall sample and the birth group in the Preconception Period Analysis of Risks and Exposures Inf luencing
Health and Development (PrePARED) Consortium, 1973–present. ALSWH, Australian Longitudinal Study on Women’s Health; BHS, Bogalusa
Heart Study; CARDIA, Coronary Artery Risk Development in Young Adults; EAGeR, Effects of Aspirin in Gestation and Reproduction; EPS, Early
Pregnancy Study; GUTS, Growing Up Today Study; HCHS/SOL, Hispanic Community Health Study/Study of Latinos; HOPE, Home Observation
of Periconceptional Exposures; LIFE India, Longitudinal Indian Family Health Pilot Study; NHS3, Nurses’ Health Study 3; PRESTO, Pregnancy
Study Online; TTP, Time to Pregnancy in Couples of Proven Fecundity.

of hypertension were measured and classified, which
allowed differentiation of gestational diabetes mellitus
(GDM) from overt diabetes and differentiation of preexisting
chronic hypertension from gestational hypertension (Web
Table 2).

Body mass index. Body mass index (BMI; weight (kg)/

height (m)2) was self-reported/self-measured in 5 studies
(76% of eligible participants) and measured by research
staff in the other 7 studies. Baseline BMI and the latest
BMI before the index pregnancy were grouped into 6 cat-
egories: <18.5 (underweight), 18.5–24.9 (normal-weight),
25.0–29.9 (overweight), 30.0–34.9 (obese class I), 35.0–
39.9 (obese class II), and ≥40.0 (obese class III).

Tobacco use. Data on self-reported history of tobacco use
(cigarettes) before the index pregnancy were available in
all studies. Tobacco use was categorized as never smoker,
former smoker, or current smoker. Individuals who had never
smoked more than 100 cigarettes or smoked regularly in
their lives were categorized as never smokers; ever smokers
were further categorized into former smokers and current
smokers.

Alcohol use. Data on self-reported alcohol intake before
the index pregnancy were available in all studies. Partic-
ipants were asked about their alcohol intake patterns for
the period of the past year (3 studies), the past month

(5 studies), or the present (“now”; 3 studies). We catego-
rized alcohol intake in terms of average daily volume of
alcohol consumed: nondrinker, moderate drinker (≤7 stan-
dard drinks/week), or regular heavy drinker (>7 standard
drinks/week) (19).

Recent cannabis use. Self-reported information on recent
cannabis use was collected in 8 studies and was verified by
urine sample in 1 of those studies (the Effects of Aspirin in
Gestation and Reproduction (EAGeR) Study). Data included
whether participants had used cannabis recently (in the past
year or month; yes/no) and frequency of recent cannabis
use (Web Table 3). Questions regarding recent cannabis
use status varied across studies in terms of time period
and frequency. To harmonize variables across studies, we
assumed that recent cannabis use “now or over the past 1–3
months” represented the respondent’s cannabis use status in
the past year. We categorized information on cannabis use
frequency in the past year into a 4-level variable: never, less
than once a week, weekly but not daily, and daily.

Other drug use. Data on self-reported use of other drugs
(apart from cannabis) were collected in 5 studies (Web Table
4). Use before the index pregnancy was categorized as a
binary variable (yes/no). Four studies asked about other drug
use status over the past 12 months, while 1 study asked about
other drug use status in the past month.
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Identify 
Common 
Domains

Map to 
Variables 
Across 
Studies

Harmonize to 
Existing CDEs if 

Possible; 
Otherwise 

Create New 
Harmonized 

Data Element

Standardize 
Time Frames

Data From 
Each Study

Identify 
Related 
CDEs

Questions Used by Studies

Have you ever used marijuana? 
How old were you when you first tried marijuana?
About how many times in your lifetime have you used marijuana? 
Have you used marijuana in the past 12 months? 
How often have you used marijuana in the past 12 months?
During the last 30 days, have you used marijuana?
How often have you used marijuana in the last 30 days?

CDEs From 
NIH CDE Repository

CDE: Ever 
Cannabis User

Any 
Preconception 
Cannabis Use

Recent Cannabis 
Use Prior to 
Pregnancy

Steps

Sending a list of data domains
Obtaining a list of available data
Collecting original questionnaires and data dictionaries

Demographic Factors
Preconception Factors
Pregnancy Outcomes

Figure 2. The crosswalk-cataloging-harmonization process used in the Preconception Period Analysis of Risks and Exposures Inf luencing
Health and Development (PrePARED) Consortium, 1973–present. The example depicted pertains to the variable on cannabis use. CDE, common
data element; NIH, National Institutes of Health.

Pregnancy-related variables. Pregnancy-related variables
were defined for the birth group only.

Hypertensive disorders of pregnancy. Hypertensive dis-
orders of pregnancy (binary variable) comprise gesta-
tional hypertension (GH) and preeclampsia (PE) (which
may include some cases of eclampsia). As subtypes of
hypertensive disorders of pregnancy, GH is defined by the
new onset of hypertension at ≥20 weeks’ gestation, while
PE refers to preexisting or new-onset hypertension with
proteinuria and/or significant end-organ dysfunction (20)
(for details on the information available in each study, see
Web Table 5). GH and PE were assessed exclusively via
self-report questionnaires in 7 studies. Cases of GH or PE
were identified by medical records directly (2 studies) or
confirmed by validation studies in a subset via review of
medical records (1 study) (21), birth certificates (1 study),
and a combination of medical records and birth certificates
(1 study).

Gestational diabetes mellitus. GDM (binary variable) is
defined as glucose intolerance with onset or first detection
during pregnancy (22). GDM was identified using medical
records directly in 2 studies and assessed by self-report ques-
tionnaires in 10 studies. Among those studies that assessed
GDM using self-report questionnaires, the GDM cases were
confirmed by validation studies in a subset via review of
medical records (1 study), birth certificates (1 study), and
a combination of medical records and birth certificates (1
study) (for specific questions used for self-reporting in each
study, see Web Table 6).

Data on the following variables were available in all
studies and calculated for the index pregnancy.

Year of delivery. The calendar year of delivery was avail-
able in all studies and calculated for the index pregnancy.

Maternal age at delivery. Age at delivery was shared as a
categorical variable in 1 study but as a continuous variable
in other studies. We converted the categorical data from the
one study into a continuous variable by taking the midpoint
of each age interval to harmonize it with the age variable
in other studies. Information was available in all eligible
studies.

Parity or gravidity. Self-reported data on gravidity (num-
ber of pregnancies) and parity (number of births at ≥20
weeks’ gestation) before the index pregnancy were available
in all studies and treated as categorical variables (0, 1, 2, or
≥3).

Plurality. Self-reported or birth/medical record informa-
tion on whether the pregnancy was a multiple-gestation
pregnancy (yes) or a singleton pregnancy (no) at delivery
was available in all studies.

Pregnancy intention. Self-reported data on pregnancy
intention were available in 2 of the general-population stud-
ies. The variable was dichotomized as “yes” if participants
reported actively trying to become pregnant for the index
pregnancy and “no” otherwise. Individuals enrolled in a
pregnancy planning cohort were categorized as “yes.”

Statistical plan

After data harmonization, we used the mean value and
standard deviation to describe normally distributed contin-
uous variables (assessed by histograms and Q-Q plots);
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Table 2. Availability of Data on Baseline Variables in the PrePARED Consortium, 1973–Present

Cohort Study

Availability of Baseline Data

Household
Income

Pregnancy
Intention

Cannabis
Use

Other
Drug Use

Preexisting
Disease

ALSWHa

Birth years 1973–1978 Yes Yes Yes Yes

Birth years 1989–1995 Yes Yes Yes

BHS Yes Yes Yes Yes Yes

CARDIA Study Yes Yes Yes Yes

EAGeR Study Yes Yesb Yes Yes —c

EPS Yesb Yes —c

GUTS

GUTS I Yes Yes Yes Yes

GUTS II Yes Yes Yes

HCHS/SOL Yes Yes

HOPE Study Yes Yesb Yes

LIFE India Yes Yes Yes

NHS3 Yes Yes Yes Yes Yes

PRESTO Yes Yesb Yes Yes

TTP Study Yes Yesb Yesd

Abbreviations: ALSWH, Australian Longitudinal Study on Women’s Health; BHS, Bogalusa Heart Study;
CARDIA, Coronary Artery Risk Development in Young Adults; EAGeR, Effects of Aspirin in Gestation and
Reproduction; EPS, Early Pregnancy Study; GUTS, Growing Up Today Study; HCHS/SOL, Hispanic Community
Health Study/Study of Latinos; HOPE, Home Observation of Periconceptional Exposures; LIFE India, Longitudinal
Indian Family Health Pilot Study; NHS3, Nurses’ Health Study 3; PrePARED, Preconception Period Analysis of
Risks and Exposures Inf luencing Health and Development; PRESTO, Pregnancy Study Online; TTP, Time to
Pregnancy in Couples of Proven Fecundity.

a ALSWH enrolled participants who were aged 18–23 years (birth years 1973–1978) when surveys began in
1996 and has enrolled an additional 17,000 women aged 18–23 years (1989–1995 cohort) since 2012.

b These cohort studies restricted the data to women who were actively planning to conceive.
c The study did not enroll individuals with preexisting diabetes or hypertension at baseline.
d The study did not enroll individuals with preexisting diabetes.

otherwise, we used the median value and interquartile range.
Data for categorical variables are presented as percentages.
For the overall sample, age-based probabilities of preg-
nancy during the study period were calculated using life-
table methods to account for loss to follow-up. In order to
assess heterogeneity across studies, adjusted for potential
confounders (such as maternal age, calendar year at report,
and length of follow-up), we used linear regression models
to estimate mean differences (and 95% confidence intervals
(CIs)) in the mean/percentage of preconception risk fac-
tors and adverse pregnancy outcomes according to 1) preg-
nancy intention (planners vs. general-population groups)
and 2) data source (self-reported information vs. combined
data sources (including self-reported information, medical
records, and/or birth certificates) and measurement by study
personnel). Nurses’ Health Study 3 and the Growing Up
Today Study were not included in regression models due to
data-access restrictions (data can be analyzed on a central
server but cannot be downloaded). Among all of the stud-

ies, only the Hispanic Community Health Study/Study of
Latinos and the Australian Longitudinal Study on Women’s
Health had complex survey designs; we did not account for
those survey designs and treated each study’s data set as
a convenience sample contributing to this pooled analysis.
Analyses were conducted in SAS, version 9.4 (SAS Institute
Inc., Cary, North Carolina).

RESULTS

Study population

Overall sample. Participants resided in the United States
and Canada (n = 82,555), Australia (n = 31,257), and India
(n = 950) (Table 1). Studies started between 1973 and 2013,
with 7 ongoing at the time of data-pooling in December
2021. The overall sample included 114,762 participants,
and the birth group included 25,531 participants (Figure 1).
Most participants who did not report an index pregnancy
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Data Harmonization Across Studies in PrePARED 2039

were younger than age 25 years (47%) or older than age
40 years (12%). The demographic characteristics of partic-
ipants in the overall sample are presented in Table 3 and
Web Table 7. Most participants identified themselves as
non-Hispanic White (78%) or Hispanic/Latina (11%) (North
America only; 82,341 participants (Table 3)). Most partici-
pants (58%) had a college or higher degree.

Birth group. Among participants with an index pregnancy
(Table 4, Web Table 8), 1% had diabetes and 3% had hyper-
tension before the index pregnancy. At enrollment, 3 studies
intentionally excluded individuals who had type 1 or type 2
diabetes, and 2 studies excluded individuals who had chronic
hypertension (Web Table 2). Before the index pregnancy
(Table 4, Web Table 8), 22% of eligible participants who had
an index pregnancy were overweight and 15% were obese,
16% were current smokers, and 10% had consumed more
than 7 alcoholic drinks per week, on average, in the past year.
Fifteen percent reported using cannabis in the past year, and
about 8% reported use of other drugs in the past year.

Pregnancy-related variables

Among the 6 studies recruiting pregnancy planners only,
the age-group–based pregnancy percentages during the
study period (6–12 months) ranged from 93% (age 18–24
years) to 43% (age 40–44 years) (Web Table 9). Pregnancy
was detected by an increase in urinary human chorionic
gonadotropin level followed by an ultrasound (2 studies),
a confirmed pregnancy test (2 studies), or self-reported
information (8 studies) (Web Table 2). In the birth group,
60% of participants had never conceived previously
(gravidity = 0), and 77% either had never conceived or had
conceived but experienced only miscarriages (parity = 0).
The mean maternal age at delivery in the index pregnancy
was 29.70 (standard deviation, 4.61) years, and infants
were delivered between 1976 and 2021 (median, 2008). Six
percent of pregnant participants developed GDM during the
index pregnancy, while 11% developed GH or PE during
the index pregnancy. Among studies that differentiated
between GH and PE, 8% and 6% of participants with an
index pregnancy developed GH and PE, respectively.

Pregnancy intention

Tables 3 and 4 also show a comparison of variables among
the 2 types of study populations (planners vs. unselected
group). The studies from the planners group enrolled par-
ticipants between 1982 and 2013 (median, 2008), while the
studies from the unselected group started enrolling partic-
ipants between 1973 and 2010 (median, 1996). A greater
percentage of participants in the planners group identified
as non-Hispanic White or Asian as compared with the unse-
lected group. Educational attainment of participants tended
to be higher (college graduation or more) in the planners
group than in the unselected group (adjusted risk difference
(aRD) = 36.64%, 95% CI: 35.16, 38.12).

In the birth group, participants in the planners group had
their index pregnancy at slighter older ages (aRD = 0.95
years, 95% CI: 0.44, 0.86). Compared with the unselected

group, the planners group had lower percentages of partic-
ipants who were overweight or obese, had used cannabis
more frequently in the past year, currently smoked, drank
heavily in the past year, or had recently used other drugs
before the index pregnancy (Table 4). The planners group
also had lower percentages of participants who had pre-
existing diabetes or hypertension, partly because 3 studies
excluded individuals who had hypertension or diabetes at
enrollment (Web Table 2). The planners group had lower
percentages of participants who were diagnosed with GDM
or PE (Table 4) during the index pregnancy.

Source of data

Compared with studies using self-reported information,
studies using laboratory results had more cases of diabetes
and hypertension during study follow-up (diabetes: aRD =
4.95% (95% CI: 4.05, 5.84); hypertension: aRD = 15.05%
(95% CI: 13.81, 16.28)) (Web Table 2; (Table 5). There were
also higher percentages of participants with prepregnancy
BMIs of 25–29 (overweight; aRD = 7.08%, 95% CI: 4.61,
9.55) and ≥30 (obese class I; aRD = 4.74%, 95% CI: 3.03,
6.45) in studies that measured height and weight by study
personnel than in studies using self-reported information.
Compared with the studies exclusively using self-reported
information, there was a lower percentage of GDM cases
and a higher percentage of GH/PE cases in studies that relied
on multiple sources (e.g., medical records or a combina-
tion of self-reported outcomes and birth certificates/medical
records) (Table 5).

DISCUSSION

This harmonization project provides a unique opportunity
to assess preconception risk factors for reproductive and
pregnancy health outcomes. By combining data across
prospective studies involving individuals regardless of
pregnancy intention and prospective studies involving
individuals actively planning for pregnancy in the United
States, Canada, Australia, and India, we generated a data set
including more than 110,000 participants aged 18–50 years.
More than 25,000 participants had at least 1 postbaseline
pregnancy lasting more than 20 weeks with preconception
information collected during active follow-up. Guided by a
crosswalk-cataloging-harmonization process (17) and using
CDEs from PhenX (18) or the National Institutes of Health
CDE Repository (https://cde.nlm.nih.gov/home), we harmo-
nized data on numerous variables, including demographic
characteristics (age, race/ethnicity, education, household
income), preconception reproductive history and exposure
variables (parity, gravidity, BMI, cannabis use, tobacco
use, alcohol use, other drug use, chronic conditions), and
pregnancy-related variables (pregnancy intention, multiple
gestation, gestational age at delivery, GDM, GH, and PE).
We evaluated heterogeneity across studies by comparing
variables with different target populations and studies using
different primary data collection modalities, which will
help investigators in future studies use and analyze the
harmonized data appropriately. Lastly, the harmonized
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Table 5. Comparison of Information Exclusively Self-Reported With Information Not Exclusively Self-Reporteda in the PrePARED Consortium,
1973–Present

Type of Data Source
Difference Between Exclusively Self-Reported and

Not Exclusively Self-Reported Datab

Not Exclusively
Self-Reported

Exclusively
Self-Reported Unadjusted

RD, %
95% CI Adjusted

RD, %
95% CI

Variable

No. % No. %

Had diabetes during study 390 14 1,622 3 10.77 10.05, 11.49 4.95c 4.05, 5.84

Had hypertension during study 1,178 32 3,309 7 24.84 23.94, 25.74 15.05c 13.81, 16.28

Prepregnancy BMI groupd

Underweight 380 9 566 4 4.92 4.12, 5.71 −1.63e −2.94, −0.32

Normal 2,113 52 7,509 58 −6.17 −7.91, −4.43 −12.97e 15.90, −10.05

Overweight 915 22 2,921 22 −0.13 −1.60, 1.33 7.08e 4.61, 9.55

Obese class I 413 10 1,157 9 1.18 0.17, 2.19 4.74e 3.03, 6.45

Obese class II 164 4 526 4 −0.04 −0.73, 0.65 1.95e 0.78, 3.12

Obese class III 117 3 339 3 0.25 −0.32, 0.81 0.83e −0.12, 1.79

Had preexisting diabetes before
index pregnancy

14 1 144 1 0.08 −0.45, 0.61 −0.09f −0.84, 0.66

Had preexisting hypertension
before index pregnancy

125 6 461 3 3.18 2.33, 4.03 0.30f −1.15, 1.74

Had a pregnancy-related
condition in index
pregnancy

GDM 448 7 566 6 0.29 −4.89, 1.07 −4.39f,g −6.16, −2.62

GH or PE 832 12 992 11 1.29 0.28, 2.30 6.54f,g 4.24, 8.84

GH 408 9 86 6 2.41 0.77, 4.05 6.60f 4.42, 8.77

PE 270 6 77 5 0.23 −1.13, 1.59 2.08f 0.27, 3.89

Ever had a pregnancy-related
condition during study

GDM 548 8 891 10 −2.49 −3.37, −1.61 −5.67c,g −7.76, −3.58

GH or PE 970 14 1,189 13 1.16 0.08, 2.24 7.26c,g 4.72, 9.79

GH 626 10 92 7 3.15 1.46, 4.84 6.84c 4.53, 9.15

PE 543 8 86 6 2.39 0.83, 3.94 2.07c 0.04, 4.19

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes mellitus; GH, gestational hypertension; PE,
preeclampsia; PrePARED, Preconception Period Analysis of Risks and Exposures Inf luencing Health and Development; RD, risk difference.

a Information not exclusively self-reported included information obtained directly from medical records or from a combination of medical/birth
records and self-reports.

b The Growing Up Today Study and Nurses’ Health Study 3 were not included in the comparison because of restrictions on data access.
c Adjusted for year at enrollment, country of residence, length of follow-up, and age at baseline.
d BMI was calculated as weight (kg)/height (m)2. BMI groups: underweight, BMI <18.5; normal-weight, BMI 18.5–24.9; overweight, BMI

25.0–29.9; obese class I, BMI 30.0–34.9; obese class II, BMI 35.0–39.9; obese class III, BMI ≥40.
e Adjusted for year at report and country of residence.
f Adjusted for year at report, country of residence, and maternal age at delivery.
g If the 2 studies that validated case status by using birth certificates or a combination of medical and birth certificate records were excluded,

results were as follows: 1) during the index pregnancy—for GDM, −3.83% (95% CI: −5.92, −1.74), and for GH/PE, 6.20% (95% CI: 3.44, 8.97);
2) ever had the condition during follow-up—for GDM, −6.68% (95% CI: −9.24, −4.13), and for GH/PE, 7.18% (95% CI: 4.10, 10.25).

data set provides an opportunity to evaluate uncommon
exposures (e.g., cannabis use) or outcomes (e.g., PE) and
effect modification during a crucial time (the preconception
period) for setting the stage for lifelong wellness for both
parents and offspring.

Recently, there have been calls for paying more attention
to preconceptional and interconceptional health (23–28),
especially as a strategy to reduce health disparities (29,
30). Due to studies’ lack of information about the time
period prior to pregnancy, limited sample size, or restricted
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populations that included pregnancy planners only, little is
known about the preconception period and its impact on both
adverse pregnancy outcomes and future health outcomes (3).
Different study designs have advantages and disadvantages:
Studies of pregnancy planners exclude unintended pregnan-
cies and might over- or underrecruit fertile couples, and
studies focused on chronic health conditions tend to target
an older population (3), while studies that recruit without
regard to pregnancy planning may not have sufficient num-
bers of pregnancies or births. Thus, these types of studies
provide important contextual comparison for each other. For
instance, in the unselected group, there was often a specific
focus on recruiting persons of non-White race/ethnicity (31–
34), while the planners studies had relatively fewer recruits
from minority racial/ethnic groups.

Preconception risk factors also differed. Planners were
slightly older at delivery than the unselected group and were
more likely to have a higher education, consistent with other
studies (35). Moreover, the planners group had a higher per-
centage of participants with lower parity than the unselected
group. Individuals planning pregnancy (those who had not
reached their desired family size) may have been more
likely to delay childbearing because of their education and
occupation. The proportions of pregnancy in participants
aged ≥25 years (range, 43%–70%) seemed slightly lower
than what is typically reported (80%–90% being able to
conceive within 12 months (35, 36)), which might indicate
that individuals recruited for pregnancy planning studies
include some people who had unprotected intercourse or
used less effective methods of contraception in the past but
did not conceive (subfertile individuals) (35).

In concurrence with our observations, pregnancy plan-
ning has been found to also be associated with healthier
lifestyles (e.g., less smoking) (37, 38). Although we did
not evaluate whether pregnancy planners actually changed
their behaviors before pregnancy, this might suggest that
the preconception period is a window of opportunity in
which women are willing to adopt healthier behaviors (39,
40). Our project did not find an important difference in
the prevalence of hypertension or diabetes before the index
pregnancy between studies exclusively using self-reported
information and studies relying on in-person examination
measurements and blood sample tests or other sources, after
adjusting for year of report, country where the studies were
conducted, and maternal age. Participants for whom study
personnel measured height and weight were more likely to
be classified as overweight or obese than participants in
studies using self-reported information, in line with previous
findings that people tend to slightly overestimate their height
and underestimate their weight, resulting in lower BMI (41).

Previous studies have shown that the reliability of
self-reporting of adverse pregnancy outcomes is variable.
Compared with studies exclusively using self-reported
information, we found fewer GDM cases and more GH/PE
cases during the index pregnancy in studies using objective
record sources or a combination of self-reported and
objective record sources. When previous studies have
validated self-reports, GDM has generally been found to
be more accurately reported than GH or PE; overall, self-
reported GH/PE has a low sensitivity but a high specificity

(21), and GDM is reported with both high sensitivity
and high specificity (21, 42–46). Therefore, in future
studies using the harmonized data set, researchers need to
carefully assess the difference in study-specific or study-
type–specific estimates before combining the results. In
addition, diagnostic criteria and screening programs for
GDM and GH/PE differ across populations or calendar
years (47–49), and approaches to screening for GDM can
differ even within a country within the same time period.
Therefore, adjusting for calendar year and/or geographic
region is recommended to evaluate associations involving
GDM, GH, or PE. Moreover, use of self-reported pregnancy
outcomes might have failed to capture women who had
early pregnancy losses. Compared with individuals in
studies recruiting women of reproductive age regardless
of pregnancy intention (examining pregnancy within the life
course but not focused on pregnancy), individuals recruited
for pregnancy planning studies may be more aware of the
onset of pregnancy because of better health practices and/or
concerns due to earlier pregnancy problems. Therefore, the
bias related to time of enrollment (relative to the period
of unprotected intercourse) might point in unpredictable
directions and might not be correctable with ordinary life-
table analysis.

Another challenge was harmonization of variables for
which data were collected using different questions and
response categories. For instance, data on self-identified
race/ethnicity were collected differently in Australia than
in the United States. In the Australian Longitudinal Study
on Women’s Health, participants were asked not about their
race/ethnicity but about where they were born: Australian-
born, other English-speaking background, Europe, Asia, or
other. Combining the Asian-American group with the Asian
group in the Longitudinal Indian Family Health Pilot Study
might not be appropriate, because race/ethnicity is a social
construct and the lived experience of Asian women in these
countries is likely to differ markedly (50). Therefore, the
comparison of race/ethnicity across groups in our project
was done among North American studies only. Additionally,
although our project included studies in a range of geo-
graphic regions within the United States, Canada, Australia,
and India, the majority of participants identified as White
and resided in developed countries. In addition, there was a
lack of standardization of questions and response categories
in cannabis-related variables across studies in our project.
Some studies asked about ever use of cannabis/age of first
use and use in the recent past, while others asked about
recent cannabis use status only. Moreover, the recent use
question varied from current use to the past 12 months.
Therefore, sensitivity analysis may be necessary to assess
different definitions of “recent use.” Lastly, although the
harmonized data set included participants enrolled between
1973 and 2013 (overall study period), only 3 studies enrolled
participants between 1973 and 1996 (4,152 participants;
3.62% of overall participants), and only 1 study enrolled par-
ticipants between 1973 and 1982 (1,144 participants; 1.00%
of overall participants). Therefore, the harmonized data set
might be less representative of the targeted population in the
earlier overall study period than in the later overall study
period. In future studies, researchers analyzing the current
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harmonized data set to understand the effect of preconcep-
tion factors on pregnancy should consider calendar year
of delivery to address the secular trends in environmental
exposures, lifestyles, and quality of health care, and should
be cautious in interpreting the generalizability of their results
to earlier cohorts.

The strength of our consortium includes the large sam-
ple size and the carefully harmonized and curated data
across multiple prospective studies. Historically, analyzing
data from multiple studies was usually done by conduct-
ing standard meta-analysis among published results, which
is also limited to specific research questions. Individual-
level data across studies can be modeled simultaneously
using standardized statistical analysis, adjusting for potential
confounders consistently across studies, and analyzed using
stratified analyses to evaluate cross-study or cross-nation
differences. Moreover, overall and study-specific estimates
can be reported to reduce publication bias. In our project, we
harmonized individual-level data from studies that included
participants regardless of their pregnancy intentions. Our
project also suggests the need for standardized measures in
future studies, such as recent cannabis use. Although care
was taken to harmonize common variables across studies,
residual differences likely remained due to how some of the
questions were asked and what probes were used. Differ-
ences might be addressed through multiple questions and
sensitivity/subgroup analysis.

The preconception, pregnancy, and lactation periods form
a continuum influencing perinatal and future health out-
comes (51). The comprehensive preconception risk profile
has been neglected in most research studies, and while the
participating studies have attempted to fill this gap indi-
vidually (52–59), preconception data from this harmoniza-
tion fill an important need for expansion of data sources
to enhance risk stratification of individuals in relation to
adverse pregnancy outcomes, identify infertility risk, and
personalize targets for development of early interventions
before and during pregnancy. By harmonizing studies to
include both pregnancy planners and non–pregnancy plan-
ners, we can fully capture the preconception period in a more
generalizable population, while also maximizing the sample
size for pregnancies. The harmonized data in the PrePARED
Consortium provide opportunities to evaluate preconception
risk factors, and the assessment of heterogeneity across
studies can guide the analytical plans of future studies.
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