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The original cohort

We established Project Viva to examine the extent to which
events during the perinatal period may affect health outcomes
over a lifetime. The cohort recruited pregnant women and fol-
lows women and their children over time. Research assistants
recruited women at their initial prenatal visit (median 9.9
weeks’ gestation) April 1999–July 2002 from eight obstetric
offices of Atrius Harvard Vanguard Medical Associates, a
multispecialty group practice in suburban/urban Eastern
Massachusetts.1 Women with a singleton pregnancy were

eligible if they enrolled before 22 weeks’ gestation, planned to
deliver at one of the two study hospitals and were able to an-
swer questionnaires in English. We recruited 2622 women.
After recruitment, we found 310 of them to be ineligible
(moved out of study area, multiple gestation, miscarriage or
stillbirth), leaving 2312 eligible women of whom 2100 were
still enrolled at the time of delivery and had a live birth
(Figure 1).

Research assistants conducted mid-pregnancy in-person
visits at the time of clinical glycaemic screening (median 27.9
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weeks’ gestation) and delivery visits with mother and infant
dyads in the hospital during the birth admission (median 39.7
weeks’ gestation). We obtained birth information on 2128
live-born singleton infants born to 2100 women (28 women
enrolled with two separate pregnancies). We conducted addi-
tional in-person visits with mother and child dyads during in-
fancy (median offspring age 6.2 months), early childhood
(median 3.3 years), mid-childhood (median 7.7 years) and

early adolescence (median 12.9 years), as described in our
original cohort profile.1 Between visits, we administered an-
nual mailed or online questionnaires.

Since our original cohort profile,1 we completed additional
research visits with women (‘Mid-Life Visit’, median age
51.1 years) and adolescents (‘Mid-Adolescent Visit’, median
17.5 years) over July 2017–August 2021. By ‘mid-life’, we
mean the middle years of adulthood, roughly from ages 35 to

Figure 1 Flow of Project Viva mothers’ involvement through the Mid-Life Visit. aCumulative number disenrolled from birth to visit. bIneligible for visit

because no information on diet in pregnancy. We adapted Figure 1 from our original cohort profile1
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65.2 We also administered four additional questionnaire-only
visits: the Year 19 Questionnaire (December 2019 to June
2022), the 2020 Questionnaire (May to September 2020), the
2021 Questionnaire (February to August 2021) and the 2022
Questionnaire (January to December 2022). Project Viva is
now in a new chapter where we are focusing on the women
and young adult offspring as separate study participants in-
stead of as pairs. As such, in April 2022, we launched the
Women’s Health Visit (‘WHV1’) among 1356 eligible women
(median age 54.0 years among those still enrolled). This
updated cohort profile focuses on Project Viva women as they
transition through mid-life. For simplicity we call the Viva
mothers ‘women’ throughout, although we did not collect
gender identity and some may have other identities.

Project Viva has shared data with numerous research con-
sortia, including the Environmental influences on Child
Health Outcomes (ECHO) programme sponsored by the US
National Institutes of Health, which has provided a public ac-
cess database [https://dash.nichd.nih.gov/].3 Other collabora-
tions include the Maternal Obesity and Childhood Outcomes
(MOCO) group,4 Consortium on Thyroid and Pregnancy
(CTP),5 Early Growth and Genetics (EGG) consortium,6

Pregnancy And Childhood Epigenetics (PACE) consortium7

and Genetics of Diabetes In Pregnancy (GenDIP).

What is the reason for the new data collection?

We wanted to follow Project Viva women through key stages
of the life course. Project Viva women are in mid-life, an im-
portant transition period. During the perimenopause, women
experience marked physical, physiological and neuropsychiat-
ric changes that extend beyond cessation of menses, including
alterations that accelerate the aging process.8 Metabolic risk
factors that may emerge or worsen include central adiposity,
hypertension, insulin resistance, hyperglycaemia and hyperli-
pidaemia.9–13 Concomitantly, middle adulthood is a time of
progressive loss of muscle and bone mass.14 Many perimeno-
pausal women also experience vasomotor instability and neu-
ropsychiatric changes, including symptoms of depression,
anxiety, memory problems and sleep disturbance, which rep-
resent major detriments to quality of life and may be impor-
tant sex-specific risk markers for cardiometabolic diseases
and cognitive decline.15 Data collection on women from preg-
nancy through the menopausal transition allows us to exam-
ine how health in the peripartum period and beyond can
influence health across adulthood.

What will be the new areas of research?

Current aims focus on testing our hypotheses that perimeno-
pausal women with higher exposure to physiological, social
and environmental stressors during important reproductive
transitions—pregnancy, the peripartum period and the peri-
menopause—will have poorer health outcomes in mid-life, in-
cluding greater cardiometabolic risk, unfavourable
neuropsychiatric symptoms and poorer sleep duration and
quality. We are evaluating pregnancy as a sensitive window
and stress test for later-life cardiometabolic health.16,17 We
are also examining whether evidence of impaired fertility over
the reproductive years affects various aspects of health during
mid-life, including higher adiposity, lower muscle mass and
bone density and greater cardiometabolic and mental health
risk. Additionally, we are studying the extent to which

exposure to per- and polyfluoroalkyl substances (PFAS) alter
the trajectory of cardiovascular disease risk in women across
their reproductive lives and alter bone mineral density in mid-
life. Using the extensive dietary data collected via repeated ad-
ministration of an automated 24-h recall, we will examine
how dietary intake and practices in mid-life impact or modify
a range of health outcomes.

Who is in the cohort?

Since our original cohort profile,1 we have completed the
Mid-Life Visit and four additional questionnaire-only visits.
At the start of the Mid-Life Visit, 1553 women (median age
51.1 years) were enrolled and therefore eligible for the visit.
Of 1553 women, 843 (54%) had any Mid-Life Visit data. At
the questionnaire-only visits, 653 of 1208 (54%) had any
Year 19 data, 537 of 1164 (46%) had any 2020 questionnaire
data, 584 of 1187 (49%) had any 2021 questionnaire data
and 481 of 1254 (38%) had any 2022 questionnaire data;
795 had data from any of the four questionnaires. We only
sent these questionnaires electronically. If we did not have an
e-mail on file, the participant did not receive a questionnaire.
This was because we were fully remote during the COVID
pandemic, and we could not go into the office to mail ques-
tionnaires. There were a few other exclusions at each time
point due to specific requests (e.g. some participants reported
that they temporarily did not want to participate, others had
unique circumstances that did not allow them to complete
questionnaires, such as military service/deployment or jail
time).

We are currently conducting the WHV1 (2022–24). This
visit is not complete and is in progress. At the start of the
WHV1, 1356 women (median age 54.0 years) remained en-
rolled and therefore eligible for the visit. We summarize char-
acteristics of Project Viva women enrolled at baseline and
those who provided any data from the Mid-Life Visit in
Table 1; most characteristics do not notably differ. However,
women who completed a Mid-Life Visit tended to be older
and more likely to be college graduates, non-smokers and
have higher household income.

Challenges of long-term follow-up

Early in the cohort study, we found the postpartum transition
to be a particularly challenging time for retention. More
recent challenges were related to following up ‘linked’
mother-child dyads together, particulaly as the teens became
more independent and decided for themselves whether and to
what extent to continue their participation. From the postpar-
tum period up until the Mid-Life/Mid-Adolescent visit, we
primarily focused on child health outcomes and collected min-
imal measures about the women. With our renewed focus on
mid-life maternal health, we refined our outreach to confirm
that both women and offspring are equally valuable partici-
pants, and that we are happy to retain women even if their
young adult child no longer wishes to participate.

What has been measured?

Table 2 summarizes the data that we collected from women at
the Mid-Life Visit (n¼ 843 with any data). We measured
blood pressure and hand grip strength, collected anthropo-
metric (weight, height, waist circumference) and dual X-ray
absorptiometry (DXA) measures of body composition, and
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obtained fasting blood for bone turnover and cardiometabolic
risk markers. We measured hip and spine bone mineral den-
sity using DXA. We collected data on self-reported clinical di-
agnosis of polycystic ovary syndrome, financial hardship,
depressive and anxiety symptoms, diet and menopause symp-
toms, as well as lifetime fertility and pregnancy history. We
will quantify the presence of 40 different PFAS in plasma
from the Mid-Life Visit. Our earlier publication1 provides ad-
ditional details about the measures collected at prior study
visits.

We have linked geocoded residential address information
to multiple measures of neighbourhood environment includ-
ing social factors such as the Social Vulnerability Index,18

markers of air pollution including PM2.5 and black carbon
daily from enrolment onwards,19 and measures of the built
and natural environments, including Landsat Normalized
Difference Vegetation Index (NDVI),20 a satellite-based objec-
tive indicator of the quantity of green vegetation on the

ground, and Google Street View-based measures. We have
also extracted DNA from blood samples to obtain genotypes
using the Illumina Infinium Core Exome-24 genetic microar-
rays for 834 women who provided consent for genetic analy-
sis of biospecimen samples. We assessed diet and analysed
dietary intake data using the Automated Self-Administered
24-h (ASA24) Dietary Assessment Tool, versions 2016, 2018
and 2020, developed by the National Cancer Institute,
Bethesda, MD.21 Annual questionnaires in 2020 and 2021
assessed behavioural, financial and psychosocial impacts of
the COVID pandemic.

At the start of the ongoing ‘Women’s Health Visit (WHV)
1’ in April 2022, 1356 women (median age 54 years) were eli-
gible for the visit (Table 3). We invite participants to attend
in-person visits at our research clinic in Boston, but also offer
home or remote visits if travel to Boston is prohibitive or the
participant is not comfortable with an in-person study visit.
Participants have the option to complete the consent and

Table 1 Selected baseline characteristics of Project Viva women at enrolment (1999–2002) and those who completed any component of the Mid-Life

Visit (2017–21)

Characteristic Enrolled at index pregnancy
(n¼2100)

Any Mid-Life Visit

Yes (n¼843) No (n¼1257)

At enrolment
Age, years, mean (SD) 31.8 (5.2) 32.5 (5.0) 31.3 (5.3)
Pre-pregnancy BMI, kg/m2, mean (SD) 24.9 (5.5) 24.6 (5.2) 25.1 (5.8)
Pre-pregnancy BMI categories, kg/m2

<18.5 81 (4%) 23 (3%) 58 (5%)
18.5–24.9 1222 (59%) 522 (62%) 700 (56%)
25–29.9 453 (22%) 184 (22%) 269 (22%)
�30 330 (16%) 113 (13%) 217 (17%)

Race and ethnicity
Hispanic 152 (7%) 56 (7%) 96 (8%)
White 1379 (66%) 576 (69%) 803 (65%)
Black 346 (17%) 125 (15%) 221 (18%)
Asian 118 (6%) 45 (5%) 73 (6%)
Other 81 (4%) 38 (5%) 43 (3%)

Nulliparous 1017 (48%) 411 (49%) 606 (48%)
Education �college graduate 1340 (65%) 621 (74%) 719 (58%)
Household income/year
<$40 000 290 (16%) 112 (14%) 178 (17%)
$40–$70 000 435 (24%) 158 (20%) 277 (26%)
> $70 000 1124 (61%) 504 (65%) 620 (58%)

Smoking
Never 1425 (69%) 601 (72%) 824 (67%)
Before pregnancy 389 (19%) 161 (19%) 228 (18%)
During pregnancy 265 (13%) 78 (9%) 187 (15%)

Pregnancy characteristics
Pregnancy glucose status

Normal 1687 (83%) 697 (84%) 990 (82%)
Isolated hyperglycaemia 176 (9%) 70 (8%) 106 (9%)
Impaired glucose tolerance 63 (3%) 29 (3%) 34 (3%)
Gestational diabetes mellitus 113 (6%) 35 (4%) 78 (6%)

Pregnancy hypertension status
Normal 1833 (89%) 738 (89%) 1095 (88%)
Gestational hypertension 135 (7%) 55 (7%) 80 (6%)
Pre-eclampsia 74 (4%) 26 (3%) 48 (4%)
Chronic hypertension 27 (1%) 12 (1%) 15 (1%)

Gestational weight gaina

Inadequate 267 (13%) 115 (14%) 152 (13%)
Adequate 586 (29%) 236 (28%) 350 (29%)
Excessive 1187 (58%) 481 (58%) 706 (58%)

Caesarean delivery 496 (24%) 189 (22%) 307 (25%)
Preterm delivery <37 weeks 152 (7%) 56 (7%) 96 (8%)

a Gestational weight gain per 2009 Institute of Medicine guidelines.
BMI, body mass index.
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questionnaire electronically. The WHV1 components include:
(i) a questionnaire about health, behaviour, diet and environ-
ment; (ii) anthropometry measurements, including height,
weight, bioimpedance, waist and hip circumferences and
middle-upper arm circumference; (iii) blood pressure meas-
urements using an automated cuff (Omron HEM-907XL);
(iv) cognitive tests including the Montreal Cognitive
Assessment (MoCA) and Cambridge Neuropsychological
Test Automated Battery (CANTAB)22–25; (v) a short physical
performance assessment26; (vi) actigraphy (GENEActivVR

Original actigraph from Activinsights Corporation)27; and
(vii) sleep diaries. Participants complete the actigraphy and
sleep diary visit components at their home for 7 days after the
visit date. In addition, for those who did not participate in

these components during the Mid-Life Visit (2017–21), we
also perform DXA whole-body, lumbar spine, and hip scans
(Hologic model Discovery A, Bedford, MA) and collect blood
and urine samples. As a thank you for participating, we give
each participant a gift card and reimbursement for parking or
transportation.

What has it found?

The Project Viva team and collaborators have continued to be
highly productive since the publication of the original cohort
profile in 2015.1 From January 2016 through January 2023,
there were about 200 Project Viva publications [https://www.
projectviva.org/publications]. We have started to analyse and

Table 2 Selected characteristics of Project Viva women at the Mid-Life Visit (2017–21)

Characteristic Completed any component of
the Mid-Life Visit (n5843)a

Self-reported ever clinician diagnosis, % yes
Depression (n¼774) 21%
Anxiety (n¼764) 19%
Thyroid disease (n¼820) 15%
Asthma (n¼820) 17%
Hayfever, seasonal allergies or allergic rhinitis (n¼820) 40%
Eczema (atopic dermatitis) (n¼819) 16%
High blood pressure (hypertension) during a time when not pregnant (n¼819) 15%
High blood pressure (hypertension) during a time when pregnant (n¼818) 16%
Any cardiovascular disease (n¼820) 4%
High cholesterol (n¼819) 15%
Type 1 or 2 diabetes (n¼820) 4%
Gestational diabetes (n¼819) 7%
Autoimmune disease (n¼820) 7%
Osteoporosis (n¼820) 2%
Cancer (n¼819) 10%
Polycystic ovary syndrome (n¼819) 5%

Other self-reported dichotomous characteristics, % yes
Any financial hardship in past 5 years (n¼748) 12%
Life-time infertility (n¼751) 35%
Postmenopause (n¼767) 43%
Moderate to very severe hot flushes (n¼773) 30%

Continuous characteristics, self-reported, mean (SD)
Age at Mid-Life Visit, years (n¼843) 50.9 (5.1)
Age at natural menopause, years (among those postmenopause) (n¼245) 50.2 (3.9)
Menopause Rating Scale (0–30 possible range), points (n¼770) 7.9 (5.9)
Sleep duration, h/day (n¼767) 7.1 (1.0)
Light/moderate þ vigorous physical activity, h/week (n¼773) 5.6 (6.0)
Anxiety symptoms (GAD-7 score, 0–21 possible range), points (n¼741) 2.0 (3.0)
Depression symptoms (PHQ-9 score, 0–27 possible range), points (n¼734) 2.5 (3.4)
Healthy Eating Index 2015 total score (0–100 possible range), points (n¼748) 60.1 (12.8)

Continuous characteristics, research measured, mean (SD)
Hand grip strength dominant hand, kg (n¼674) 27.9 (6.1)
Body mass index, kg/m2 (n¼692) 28.2 (6.7)
Waist circumference, cm (n¼697) 93.1 (15.8)
DXA total body fat, percent (n¼549) 38.1 (7.0)
DXA total fat mass, kg (n¼549) 30.2 (12.5)
DXA lean mass, kg (n¼549) 46.4 (7.5)
DXA truncal fat mass, kg (n¼549) 14.4 (7.3)
Total BMD L1–L4 spine, T-score (n¼542) –0.15 (1.38)
Total BMD left hip, T-score (n¼531) 0.00 (1.14)
Systolic blood pressure, mmHg (n¼695) 117.1 (14.5)
Diastolic blood pressure, mmHg (n¼695) 74.3 (11.0)
Total cholesterol, mg/dL (n¼558) 208.5 (51.4)
Non-HDL cholesterol, mg/dL (n¼558) 140.6 (43.7)
HbA1c, percent (n¼554) 5.3 (0.6)
Fasting glucose, mg/dL (n¼526) 91.9 (17.7)

BMD, bone mineral density; DXA, dual X-ray absorptiometry; GAD-7, Generalized Anxiety Disorder-7; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; PHQ-9, Patient Health Questionnaire-9.

a Numbers vary depending on questionnaire, interview, in-person measurements and blood tests.
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publish findings from the Mid-Life Visit, Year 19 question-
naire and annual survey data. In this section we summarize
some of our notable findings among Project Viva women,
published after our original cohort profile related to our new
research focus.

Using new outcome data measured during the Mid-Life
Visit, we have examined life course predictors of the timing
and symptoms of menopause. We found that compared with
women with normal menstrual cycle length of 26 to 34 days
during their reproductive years, those with shorter menstrual
cycle length had a higher frequency of menopausal symptoms
in mid-life and reached menopause earlier.28 We also found
that a history of psychosocial stressors in childhood, adoles-
cence and early adulthood was associated with worse meno-
pausal symptoms and poorer wellbeing two decades after
initial report.29 We did not find consistent associations of a
history of hypertensive disorders of pregnancy or gestational
diabetes mellitus with menopausal symptoms in mid-life or
the age at the onset of natural menopause.30

We also examined predictors of weight, body composition
and cardiovascular risk into mid-life. We found that women
who had their first birth at a younger (<23 years) or older age
(�40 years) and those who had four or more lifetime births
had a higher trajectory of weight, waist circumference and
body fat up to 20 years after their final birth.31 We also found
that low anti-Müllerian hormone (AMH) at about 3 years
postpartum was associated with greater adiposity

concurrently and across approximately 9 years of follow-up
into mid-life.32 Women with versus without infertility had
higher average weight, waist circumference and body fat.33

Among younger (18–29 years), but not older (�30 years)
women, infertility was associated with higher systolic and dia-
stolic blood pressure.33 Additionally, we found a small benefi-
cial association between total lifetime breastfeeding duration
and mid-life handgrip strength, a measure of muscle
strength.34

What are the main strengths and weaknesses?

As described previously,1 the primary strength of Project Viva
is the in-person collection of exposure and outcome measures
using research standard procedures conducted by trained and
expert staff, which reduces likelihood of measurement bias,
such as the anthropometric measurements which we have val-
idated against gold-standard measures such as DXA.35,36

Another strength is the wealth of covariate information we
have collected, which may be used in analytical models to
minimize confounding and account for baseline and time-
varying confounders.37 Two decades of continual follow-up
enables us to evaluate women’s health across their reproduc-
tive years and conditions that emerge during mid-life, thereby
enabling assessment/identification of sensitive exposure win-
dows in relation to long-term health outcomes and identifying

Table 3 New data collection from women in Project Viva, a longitudinal pre-birth cohort started in 1999

Mid-Life
Visit

Questionnaire-only
visits

Women’s Health
Visit 1

July 2017—August 2021
(843 women with any data)

Year 19, 2020,
2021, 2022

April 2022–24 (ongoing)
(1356 eligible at start of visit)

Median age 51 years 54 years
Questionnaire X X X

Home and neighbourhood environment X X X
General health X X X
Lifetime fertility and pregnancy history X
Age at menopause and menopause-related
symptoms

X X X

Depression and anxiety symptoms X X X
Mood X X X
Behaviours X X X
Sleep X X X
History of adverse childhood experiences X
COVID-19 experiences X

Medical history interview X
Research measures

Anthropometry X X
Blood pressure X X
Fasting blood and urine collection X Xa

Biomarkers of cardiometabolic health and bone
turnover

X Xa

2-h oral glucose tolerance test X Xa

DXA whole-body, spine, hip scans X Xa

Hand grip strength X
Diet (ASA24 Dietary Assessment Tool) X
Extracted DNA from blood samples to obtain
genotypes

X

Cognition (MoCA and CANTAB) X
Short physical performance battery X
7-day actigraphy and sleep diaries X

ASA24, Automated Self-Administered 24-h; CANTAB, Cambridge Neuropsychological Test Automated Battery; DXA, dual X-ray absorptiometry; MoCA,
Montreal Cognitive A.

a We performed DXA and collected blood and urine samples at Women’s Health Visit 1 only for women who did not participate in these components
during the Mid-Life Visit.
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reproductive risk factors or risk markers for health status in
mid-life.

Weaknesses include loss to follow-up, which can result in
reduced sample size and thus lower statistical power for rare
exposures or outcomes, as well as the possibility of selection
bias. We have applied modern causal inference methods and
analytical techniques to minimize these biases in several anal-
yses.38–40

Other limitations include the extent to which findings are
generalizable, since all participants resided in the greater
Boston area and had health insurance at the time of enrol-
ment, and many were college educated. A majority of our par-
ticipants identified as being non-Hispanic White (Table 1),
although the proportions of racial and ethnic minorities origi-
nally enrolled in Project Viva were higher than in
Massachusetts as a whole, according to the 2000 US census.41

Can I get hold of the data? Where can I find out
more?

We recognize that Project Viva provides a unique data re-
source, and we have a long track record of sharing data with
investigators throughout the world. Please see [https://www.
projectviva.org] for information and resources related to data
collection.

We have a formal protocol that details procedures for indi-
vidual investigators seeking to use Project Viva data, available
at [https://www.projectviva.org]. For more information,
investigators can also contact the Project Viva Principal
Investigator, Emily Oken, at [project_viva@hphci.harvard.
edu]. We are currently developing a new research portal
through which investigators can access information and docu-
mentation related to our data.

Ethics approval

At each visit, we obtained written informed consent from the
women. The Harvard Pilgrim Health Care Institutional
Review Board approved all study protocols in line with ethi-
cal standards established by the Declaration of Helsinki.

Data availability

See ‘Can I get hold of the data?’ above. The data underlying
this article are available on reasonable request to the corre-
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Viva team and Institutional Review Board.
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