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Abstract

Observational cohort studies represent one of the most powerful designs in

epidemiology. They are also the basis of evidence in many areas of obstetric

and gynecologic research, given that randomization of women, couples or

pregnancies is often impossible or unethical. Indeed, well-conceived cohort

studies have led to a better understanding of many important clinical and

public health questions over time, including the impact of different exposures

on perinatal and pediatric outcomes in pregnant women and their children. In

this paper, we describe the main features, challenges, and limitations of cohort

studies in the context of obstetric and gynecologic research. As with all

epidemiologic studies, cohort studies present numerous challenges and are

vulnerable to bias. However, as we describe throughout this review, careful

design – from formulating the study question to planning statistical analysis –
can reduce the potential for bias. When possible, we also provide examples from

the gynecological and obstetrical literature to illustrate the epidemiological

challenge and suggest specific readings.

Abbreviations: IVF, in vitro fertilization.

In epidemiology, the term cohort refers to a group of

individuals from a defined population followed over time

(1). Technically, a cohort is a “closed” population – an

event defines entry into the cohort, and no individuals

enter or leave the cohort except through death. Con-

versely, a dynamic or open population is characterized by

a state, and membership ends when the defining state

ends (for example students at a given school constitute a

dynamic population, whereas students who graduate each

year represent a closed population). While often based on

a closed population, any study in which individuals shar-

ing one or more common characteristics are followed

over time is generally considered a cohort study. Exam-

ples of shared characteristics include geography [for

example The Danish National Birth Cohort, (2) or The

Aberdeen Maternity Hospital Cohort (3)], occupation

(for example Nurses Health Study) (4), exposure (for

example Seveso Women’s Health Study of dioxin expo-

sure) (5), risk profile [for example Sister Study of breast

cancer (6) or the Black Women’s Health Study] (7) or
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disease (for example The British Childhood Cancer

Survivor Study) (8).

In this paper, we describe the main features, challenges,

and limitations of cohort studies. When possible, we

provide examples from the gynecological and obstetrical

literature and suggest specific readings.

Where do cohort studies fit in
epidemiologic research?

Cohort studies are usually undertaken for etiologic (or

analytic) purposes, that is, with the aim of evaluating

whether a given exposure causes a specified outcome.

Cohort studies can be experimental (investigators have a

degree of control over the allocation of the exposure) or

observational (investigators have no control over the

exposure). Case-control studies, another common design

in etiologic research, are also based on an underlying

cohort. However, unlike in typical cohort studies, identi-

fication of the cohort is often secondary (i.e. cases are

identified before defining the underlying cohort from

which they originated). Both cohort and case-control

studies are longitudinal in nature: the information gath-

ered refers to different points in time, from exposure to

outcome, even though in many case-control studies

exposures are ascertained after the outcome has occurred.

For exposures that are stable in time, a cross-sectional

design – where exposure and outcome are measured

concurrently with no attempt to reconstruct an exposure

history – may also be appropriate for etiologic purposes,

provided that the exposure is not associated with survival

to the event of interest. Such an approach could be used,

for example, with exposures such as genetic variants (9),

parental age at conception (or birth) or daughter’s prob-

ability of lifelong childlessness (10). However, as in case-

control studies, there is greater potential for bias if

prevalent (rather than incident) cases are recruited, as

survival may be differential by exposure. Essentially, how-

ever, all three designs (cohort, case-control, and cross-

sectional studies) emanate from the concept of measuring

events in a “sea of person-time” (11). This represents the

distribution of person-time where all events occur (with

the time from exposure to outcome ranging from very

short to very long) and is the underlying sampling frame

for all such designs. Individual studies differ in how the

population is defined and in how and when the exposed

and unexposed members of the population or group are

sampled.

Observational cohort studies are the main source of

evidence in many areas of obstetric and gynecologic

research, given that randomization of women, couples or

pregnancies is often impossible or unethical. Indeed,

well-conceived cohort studies have led to a better

understanding of rare exposures and their sequelae, such

as the long-term health of diethylstilbestrol (DES)-exposed

women and their sons and daughters (12–14), and

through well-established birth cohorts (15–20), to sub-

stantial evidence in perinatal and pediatric health.

Main features of cohort studies

In cohort studies, researchers aim to determine whether

exposure status (at cohort entry or over time, for time-

varying exposures) is associated with the incidence of the

outcome(s) of interest. Regardless of the timing of the

outcome relative to the start of the actual study, all

etiologic studies aim to measure the exposure → outcome

relation. However, in cohort studies the design explicitly

reflects this temporal sequence (Figure 1). Cohort studies

are sometimes classified as either prospective or historical

(also sometimes called “retrospective”) based on the

time at which the exposure → outcome relation is

observed relative to current time. The term historical

cohort study is broadly used to describe longitudinal

studies in which outcomes have already occurred when

the cohort is first defined. In such instances, the

investigator reconstructs the person-time experience and

exposure history through secondary data (such as admin-

istrative registries or medical records) (21). However, the

terms prospective and historical more appropriately refer

to the timing of exposure assessment with respect to the

outcome: prospective when measurement of exposure

precedes the occurrence of the outcome, and historical

when the outcome has already occurred when exposure

data are collected (Figure 1). Often historical cohort

studies with prospective assessment of exposure and

covariates are more efficient (and less costly) than

prospective (or concurrent) ones. If well-designed and

appropriately analyzed, they may also be less vulnerable

to bias from selective participation and retention. How-

ever, in such cases, researchers are limited by the quantity

and quality of the available information. Furthermore,

compared with concurrent cohort studies, there is a

greater danger of error, particularly having to do with

time, such as failing correctly to assign exposed and

unexposed time (see section on immortal time bias) and

inadvertently “peeking” into the future, which will nearly

always result in invalid findings [see, for example Bakke-

teig & Hoffman (22) on perinatal mortality and birth

order, and related commentaries (23,24)]. In prospective

cohort studies, investigators measure exposures and

covariates in eligible individuals at cohort entry and,

often, at regular intervals during follow-up. Outcomes are

documented, as they occur in real time, either by contact-

ing study participants or passively, for example through

population-based registries.

ª 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 97 (2017) 371–379372

Cohort studies C. Messerlian & C. Basso



Cohort definition and eligibility

When designing an observational cohort study, it is

essential to start with a well-defined study question (or

questions). A crucial aspect of this process is accurately

defining the exposed and referent categories. Although

the exposure is generally given more attention, the refer-

ent category is no less important. For example, if the

objective is to determine whether delivery induction from

≥37 weeks of gestation without medical indication (i.e.

for social reasons) is associated with a higher risk of

adverse perinatal and obstetric outcome, defining exposed

pregnancies is straightforward: any pregnancy induced

from week 37 for non-medical reasons. Reference (unex-

posed) pregnancies are not those delivered spontaneously

at the same time as the exposed ones but ongoing preg-

nancies at the same gestational age (25). To see why, it is

helpful to think about how this question would be

addressed in a clinical trial: eligible women (i.e. pregnant,

with no medical indication for delivery) would be

recruited at, say, 36 weeks of gestation, and randomized

to being induced (at 37, 38, or 39 weeks) or expectant

management. At the end of the study, women random-

ized to being delivered at 37 weeks would have experi-

enced overall fewer instances of fetal death, preeclampsia,

and macrosomia than those randomized to expectant

management (as these outcomes are “prevented” by deliv-

ery) but their babies will have more respiratory and other

complications related to having been delivered early. If

pregnancies induced at 37 weeks were to be compared

with spontaneous deliveries at 37 weeks, such a study

would not answer the relevant clinical question, as the

decision to induce or not is relevant only for women who

are still pregnant.

Appropriate definition of the research question also

facilitates the next critical step, that of determining inclu-

sion and exclusion criteria. Eligible participants should

have an equal chance of enrolling and remaining in the

study, irrespective of their exposure status or probability

of the outcome. At enrolment, investigators should estab-

lish that eligible individuals are not only at risk of the

outcome(s) of interest (for example women who have

had a hysterectomy would not be included in a study

where uterine cancer is the outcome), but also free from

the outcome (women with prevalent uterine cancer would

be excluded, as well as women diagnosed in the first

months of follow-up, since disease may have been present

at enrolment).

Exposure and outcome ascertainment

An advantage of cohort studies is that if the exposure of

interest is rare, the investigator can choose the study pop-

ulation to maximize the likelihood that a sufficient pro-

portion of cohort participants will be those exposed (for

example, by studying nail salon technicians if exposure to

solvents is of interest) and also ensure that there will be a

broad variability (for continuous exposures, the broader

the exposure range, the higher the power to detect an
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Figure 1. Schematic representation of historical and prospective designs, and exposure, outcome, and censored follow-up time in cohort studies.

[Color figure can be viewed at wileyonlinelibrary.com]
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effect). Exposure status (current and, if appropriate, past)

is determined at baseline for all members of the cohort.

Exposure should also be updated during follow-up time

because an individual who is unexposed at baseline may

subsequently become exposed (or vice versa), and

exposed and unexposed time must be allocated accord-

ingly. Depending on the study, an exposure may be

unchangeable (for example diethylstilbestrol exposure in

utero) or time-varying (for instance taking oral contra-

ceptives, or contracting influenza during pregnancy). In

the latter case, follow-up time should be divided into

exposed and unexposed intervals and analyzed accord-

ingly [for example, with Cox regression (26)]. The level

of detail of exposure assessment should be appropriate

for the study question and should aim at minimizing the

potential for exposure misclassification. However, cost

and time considerations – as well as the fact that many

cohort studies are not focused on a single exposure–out-
come relation – often preclude collecting information on

all exposures of interest at the optimal level of detail.

Follow-up of all members of the cohort allows ascer-

tainment of new cases (incident cases) of the outcomes as

they occur. Typically, when analyzing a given endpoint,

the end of follow-up for each cohort member is deter-

mined by the occurrence of the outcome under study,

death, loss to follow-up, withdrawal, or study end, which-

ever comes first (see Figure 1).

The principle of “comparable accuracy” for data collec-

tion procedures dictates that the intensity of follow-up

and accuracy of measurement (of outcomes and covari-

ates) be equivalent across all exposure categories, as dif-

ferential quality, quantity or accuracy of follow-up data

can lead to misclassification or information bias (27).

Outcome measurement

Measuring the occurrence of certain outcomes, particu-

larly in perinatal epidemiology, can be challenging, as the

relevant denominators (and numerators) are often miss-

ing (28). For example, the number of conceptions and

early losses is nearly always unknown. [Although extre-

mely laborious outside an assisted reproductive technol-

ogy treatment setting, it is possible to estimate the

number of implantations and early losses in a cohort of

women over a certain period (29–31)]. Even miscarriages

occurring later in the first trimester of pregnancy are

challenging to measure. Although the proportion of con-

genital malformations at birth can be estimated (with a

degree of error if neonates are assessed only at birth), this

quantity is a prevalence – not an incidence. Incidence

cannot be estimated, as the proportion of fetuses with

malformations that are lost from conception to birth is

unknown. [The estimated difference between the

proportion of fetuses diagnosed with Down’s syndrome

at prenatal screening and the proportion at birth clearly

illustrates this problem (32)].

Several endpoints – for example, fetal death and

preeclampsia – are defined from around 20 weeks of ges-

tation, which is when registration of pregnancies that

have survived to that point is mandatory in many coun-

tries. Thus, the incidence rate of fetal death and other

pregnancy events can be estimated, provided that the

underlying cohort of fetuses (or pregnancies, if the out-

come of interest is pregnancy complications or obstetric

interventions) is identifiable, with competing events

accounted for. [Competing events are those that prevent

observation of the outcome of interest. For example, in

the case of preeclampsia, competing events would be pre-

term births and fetal deaths for causes other than

preeclampsia].

As in all areas of epidemiology, identifying the appro-

priate denominator is essential to calculate the relevant

measure of occurrence. However, even this aspect is chal-

lenging. The gestational-age-specific risk of antepartum

stillbirth (fetal death) used to be estimated using births at

each week as the denominator, until Yudkin and

colleagues pointed out that births are not at risk of

antepartum stillbirth – fetuses are (33). Pregnancies are

the appropriate denominator for estimating the risk of

events such as preterm birth, pregnancy complications,

and obstetric intervention – and time (i.e. gestational

age) should be taken into consideration. [The subtle

difference between pregnancies and fetuses depends on

the outcome of interest and is due to multifetal preg-

nancies]. The appropriate denominator for estimating the

gestational-age-specific risk of neonatal death remains

controversial (34–39), with some researchers suggesting

that fetuses be used instead of live births, despite the fact

this approach can result in misleading estimates, given that

fetuses can only enter the numerator after they are born

alive and die as neonates (34,39). Other challenges in

measuring outcomes stem from the fact that there are

many endpoints that cannot be observed in fetuses, or that

can be observed only with substantial uncertainty (for

example fetal weight, although improvements in ultra-

sound imaging may reduce such errors). Although we gen-

erally speak of incidence when referring to a newly

diagnosed condition, in many cases, they preexist diagno-

sis by an unknown amount of time. Think for example

about ovarian cancer, the vast majority of which is diag-

nosed when the disease is already very advanced (40). Such

uncertainty about the timing of onset often makes it

difficult to correctly establish the temporality of the

exposure-outcome relation. A well-known example is the

difficulty of establishing whether drinking coffee during

pregnancy causes miscarriage [see, for example (41)].
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Strengths and limitations of cohort
studies

The main advantage of cohort studies over other designs

is that they can capture dynamic exposures and their rela-

tion to events across time (see Figure 1). Besides being

appropriate to studying rare exposures, cohort studies

allow investigation of multiple outcomes and track the

transition, pattern, and change in exposure over time. In

cohort studies, investigators can estimate incidence rate

ratios (or differences) or risk ratios (or differences),

depending on the outcome and type of population [see

(42) for general measures in epidemiology and (28) for

measures of specific reproductive endpoints]. They are

also highly flexible in terms of exposure and outcome

ascertainment. However, cohort studies also have disad-

vantages, most notably, the long duration of follow-up

typically required for many outcomes and the associated

costs [although duration is limited for studies of peri-

conceptional exposures and pregnancy outcomes, see

(30,31)]. Recruiting and retaining individuals and obtain-

ing and organizing resources for the labor-intensive work

involved in collecting and entering data is challenging.

Recently, investigators have begun using online platforms

for recruitment and data collection. For example, the

Snart Gravid study in Denmark (2), and its North Ameri-

can complement, Pregnancy Study Online (PRESTO)

(43), recruit couples attempting conception via the inter-

net in order to study lifestyle factors in relation to time

to pregnancy, thus reducing costs for recruitment and

in-person data collection visits (2). Another important

consideration in cohort studies is that they are highly

inefficient for studying rare endpoints, such as specific

congenital abnormalities.

Methodologic challenges in cohort
studies

Selection bias

Selection bias occurs when the probability of being

selected and retained in the study depends on exposure

and/or disease status. A typical manifestation arises when

the unexposed are not representative of the baseline rate

of the outcome or disease (i.e. “sea of person-time” dis-

tribution) in the source population. The unexposed

should be comparable to the exposed in all but exposure

status (in observational studies, a portion of the inevitable

differences across exposure categories is handled by statis-

tical modeling). The purpose of the unexposed person-

time experience is to act as a “counterfactual” for the

exposed person-time experience. In other words, the

unexposed should generate disease/outcome rates that

approximate those that the exposed would have had, had

they not been exposed.

Another common source of selection bias stems from

differential attrition (loss to follow-up and withdrawals)

between exposed and unexposed participants. Differential

losses based on outcome probability can be a serious

threat to the internal validity of a study (44). For exam-

ple, if pregnant women who consume high levels of alco-

hol are more likely to be lost to follow-up, and they have

worse outcomes, the association between alcohol and

pregnancy outcome will be underestimated. Bias due to

loss of follow-up becomes a concern if the final study

sample differs in its exposure–outcome probability (is

more or less at risk) compared with the originally

enrolled population.

“Healthy user bias” has been discussed in the context

of observational studies of postmenopausal hormone

therapy and cardiovascular disease (45–47). Users of hor-
mone therapy were thinner, more physically active, and

had a higher socioeconomic status compared with non-

users. Thus, self-selected users of hormone therapy

recruited to participate in these observational studies had

a lower probability of heart disease compared with the

baseline risk of the outcome in the source population.

The inclusion of healthy hormone therapy users among

the exposed led to overestimating its cardioprotective

effects. Some of these studies were also affected by

immortal time bias (48) (see section on misclassification

bias).

Another source of selection bias is non-response or

non-inclusion of participants based on exposure status.

Most time-to-pregnancy studies include only women who

plan a pregnancy. If an exposure such as smoking is associ-

ated with less consistent use of birth control (leading to

more accidental pregnancies), smokers who plan their

pregnancies will tend to be less fertile than smokers who

had an unplanned pregnancy (who are ineligible to enter

the study). Such a mechanism will result in overestimating

the deleterious effect of smoking on fecundity (49,50).

In cohorts restricted to preterm births (such as neona-

tal networks), only certain etiologic questions can be

explored without incurring selection bias. A cohort of

very preterm infants is appropriate to study whether, for

example, administration of probiotics reduces the risk of

necrotizing enterocolitis. However, if the research ques-

tion is whether preeclampsia results in a lower risk of

neonatal death, then the study will be affected by selec-

tion bias – specifically, “collider-stratification bias” (51–
53). The underlying problem is that the exposed infants

(those born following preeclampsia) are being compared

with infants who have several pathologies, other than

preeclampsia, that have resulted in preterm birth. If these

factors themselves increase mortality risk, preeclampsia
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may appear protective only by virtue of being associated

with a lower risk of neonatal death than the totality of

causes in the “unexposed” infants. It is worth noting that

restricting to preterm births is akin to adjusting for

gestational age, as mentioned in the section about

confounding. For a non-technical demonstration of

collider-stratification bias in the aforementioned context,

see Snowden and Basso (54).

Misclassification bias in cohort studies

All epidemiologic studies suffer from a degree of mea-

surement error; if random, this generally results in bias

towards the null (although not consistently when the

exposure is not binary). The main concern is differential

accuracy of measurement by exposure (or outcome) sta-

tus, which will bias effect estimates, with direction and

magnitude depending on the pattern and extent of differ-

ential accuracy. For example, at birth, physicians may

examine more carefully infants born to women who con-

ceived by in vitro fertilization (IVF) than those who con-

ceived naturally. If a researcher were to use information

in birth records to assess whether babies conceived by

IVF are more likely to have congenital malformations, the

risks associated with IVF would be overestimated. (Note

that this example ignores the possibility that detection of

malformations may have been differential also during

pregnancy, as well as the possibility that couples who

conceived through IVF may be more reluctant to termi-

nate an affected pregnancy). If the outcome is a condition

that would be diagnosed in any case, such as fetal death,

then such a bias is less likely to occur – but many end-

points are not as clearcut. It should also be noted that,

for relatively rare endpoints, a specificity less than one,

even if non-differential, can substantially bias relative

measures of association (for example the relative risk)

towards the null.

An insidious type of information bias in cohort studies

is “immortal time bias”. First described in studies of heart

transplant, and a common problem in pharmacoepidemi-

ology (55), this bias occurs when there is a portion of fol-

low-up time during which, by design, the outcome of

interest cannot occur. Hutcheon et al. (2013) described

this in the context of studies of stillbirth as a function of

gestational diabetes (56). The authors show how the asso-

ciation of gestational diabetes with stillbirth changes from

apparently protective when all births from 20 weeks are

examined, to harmful when only births from 28 weeks

and onward are included in the analysis. As gestational

diabetes is usually diagnosed around 24–28 weeks, only

pregnancies that survive to diagnosis can be screened.

However, all stillbirths occurring before screening will, by

definition, be considered unexposed. There are other

examples of circumstances in which this type of bias can

affect studies of pregnancy outcomes (57).

Confounding

Confounding occurs when the effect of the exposure is

mixed with that of another factor that is associated with

the exposure (but is not caused by it) and is a cause (or

a proxy of a cause) of the outcome. For example, in the

association between twinning and neonatal mortality,

confounders will be factors that predict twinning and are

risk factors of neonatal death. Thus, age, parity, concep-

tion by assisted reproduction, maternal race/ethnicity are

confounders. However, gestational age at birth is not a

confounder; rather it is an intermediate between twinning

and mortality and should not be adjusted for (51–53).
Confounders should not be determined based on a

statistically significant difference between exposed and

unexposed. As stated above, potential confounders should

be identified based on the knowledge of their causal

relation with exposure and outcome. [Sometimes, the

decision as to which among these factors should be

retained in the final model is based on whether they

change the estimated measure of association by a certain

amount (typically, 10% or more)]. Even when most

important confounders are available, residual confounding

(i.e. what confounding is left after attempts to control for

it) remains a concern. Residual confounding generally

results from relying on a variable that does not adequately

represent the confounder (for example education as the

sole indicator of socioeconomic status) and from inappro-

priate modeling (for example if a factor is modeled

linearly but, in fact, has a J- or U-shaped relation with the

outcome, or when the categories of the confounder are

too broad).

Generalizability and participation rates

Generalizability refers to the extent to which findings of a

given study can be applied to other populations with sim-

ilar characteristics. For example, the Environment and

Reproductive Health (EARTH) Study is a prospective

preconception cohort of subfertile couples attempting

conception, recruited at a large fertility clinic in Boston,

MA (USA) (31). The study was designed to evaluate the

impact of environmental exposure and diet on fertility

and pregnancy outcomes. If subfertile couples were more

sensitive to the adverse effects of environmental expo-

sures, then findings from this study would be less general-

izable to men and women from the overall population.

However, they would still be generalizable to subfertile

couples, provided that patients attending the clinic ade-

quately represent all subfertile couples, not all of whom
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seek help if they cannot conceive (58). Lack of generaliz-

ability, although worthy of note in the discussion, is not

nearly as problematic as lack of internal validity.

A declining interest in taking part in studies has

resulted in many cohort studies, especially those with

heavy participant burden, being afflicted by low participa-

tion. Rates have declined from 80% to 30–40% in the last

several decades (59). Low participation rates do not nec-

essarily imply that the association identified from the

study will be biased (59,60). However, this should be

evaluated for every study, and generalizability may be

affected.

Conclusion

Observational cohort studies represent one of the most

powerful designs in epidemiology. As all epidemiologic

studies, they present numerous challenges and are vulner-

able to bias. Careful design, from formulating the study

question to planning statistical analysis, will substantially

reduce – but not eliminate – the potential for bias. We

hope that our overview of cohort studies in the context

of obstetric and gynecologic research will prove useful

when evaluating the published evidence from this type of

study.
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