
Community Dent Oral Epidemiol. 2024;00:1–10.	﻿�   | 1wileyonlinelibrary.com/journal/cdoe

1  |  MOTIVATION FOR THIS 
COMMENTARY

The target trial framework provides a standardized method to ex-
plicitly state decisions about observational study design in order to 

reduce investigator-induced bias.1 Researchers specify a hypothet-
ical target trial and use observational data to emulate this trial as 
closely as possible. Detailing the hypothetical trial clarifies study 
decisions, such as eligibility criteria and start of follow-up (i.e. time 
zero) and can reveal potential sources of bias. The use of the target 
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Abstract
Background: The target trial framework was developed as a strategy to design and 
analyze observational epidemiologic studies with the aim of reducing bias due to 
analytic decisions. It involves designing a hypothetical randomized trial to answer a 
question of interest and systematically considering how to use observational data to 
emulate each trial component.
Aims: The primary aim of this paper is to provide a detailed example of the application 
of the target trial framework to a research question in oral epidemiology.
Materials and Methods: We describe the development of a hypothetical target trial and 
emulation protocol to evaluate the effect of preconception periodontitis treatment on 
time-to-pregnancy. We leverage data from Pregnancy Study Online (PRESTO), a pre-
conception cohort, to ground our example in existing observational data. We discuss the 
decision-making process for each trial component, as well as limitations encountered.
Results: Our target trial application revealed data limitations that precluded us from 
carrying out the proposed emulation. Implications for data quality are discussed and 
we provide recommendations for researchers interested in conducting trial emula-
tions in the field of oral epidemiology.
Discussion: The target trial framework has the potential to improve the validity of 
observational research in oral health, when properly applied.
Conclusion: We encourage the broad adoption of the target trial framework to the 
field of observational oral health research and demonstrate its value as a tool to iden-
tify directions for future research.
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2  |    COMMENTARY

trial framework in observational research has proliferated in recent 
years, but the methodology is still relatively nascent. Our objective 
in this commentary is to detail the process of applying the target trial 
framework to an actual research question. By doing so, we aim to 
provide detailed recommendations and insights for research teams 
planning to use the target trial framework in observational research 
efforts, particularly in oral health.

2  |  SCIENTIFIC BACKGROUND

Our target trial will estimate the effect of preconception periodon-
titis treatment on time to pregnancy (TTP). The rationale lies in the 
fact that many observational studies have identified an associa-
tion between periodontitis during pregnancy and birth outcomes.2 
However, questions remain about whether this association is causal, 
as periodontitis treatment is not consistently associated with reduc-
tions in these outcomes. A Cochrane Review of 15 trials found no 
conclusive evidence of a benefit of treatment on pregnancy out-
comes.3 One explanation for the lack of clear efficacy is that any 
putative causal mechanisms may be established before pregnancy 
and treatment during pregnancy may occur too late to influence out-
comes.4,5 Indeed, recent studies specifically evaluating preconcep-
tion periodontitis and reproductive outcomes have demonstrated 
that a self-reported history of periodontitis was associated with 
both a prolonged TTP and a higher risk of miscarriage.6,7

To date, no clinical trials have evaluated preconception periodonti-
tis treatment and reproductive outcomes. If preconception treatment 
trials were to demonstrate no effect on TTP, this may provide mech-
anistic insights into the relationship between periodontitis and repro-
ductive outcomes more broadly. Preconception trials are challenging, 
however, because of ethical considerations, the high prevalence of 
unplanned pregnancies, the large study size required and competing 
events, including infertility and pregnancy loss.8 Observational re-
search presents an opportunity to glean insights into preconception 
oral health but requires care to avoid biases. The target trial frame-
work represents a potential strategy to enhance the validity of obser-
vational studies of preconception periodontitis treatment.9

In this commentary, we detail the development of a target trial 
protocol.1 We build on prior research, which found an association 
between a preconception history of periodontitis and TTP6 and 
propose a target trial emulation evaluating the efficacy of precon-
ception treatment of periodontitis on TTP using data from a precon-
ception cohort study.10

3  |  METHODS

3.1  |  Data source

Designing a target trial within the context of an existing obser-
vational data source can help facilitate an effective emulation 

because limitations of the data can be factored into the trial de-
sign. We designed our target trial protocol to be emulated using 
data from Pregnancy Study Online (PRESTO). PRESTO is an on-
going, web-based preconception cohort study that collects data 
from female participants attempting conception.10 Participants 
are recruited primarily using online methods, such as social media 
advertisements and health-related websites, in addition to tra-
ditional methods (e.g. posted flyers and word of mouth). Eligible 
participants identify as female, are aged 21–45 years, reside in 
the United States or Canada, are in a relationship with a male 
partner and are actively attempting pregnancy without fertility 
treatments. There is no restriction on duration of pregnancy at-
tempts at enrolment.

At enrolment, participants complete a questionnaire that con-
tains information about overall health, reproductive history and 
lifestyle factors. It also includes the following questions related to 
current oral health and oral health history, adapted from clinically 
validated self-report measures used for population surveillance 
of periodontitis11,12 and observational research13: ‘Has a dentist 
or dental hygienist ever told you that you had periodontal or gum 
disease? (Yes/No/Don't Know),’ and ‘Have you ever had treatment 
for gum disease such as scaling and root planing, sometimes called 
‘deep cleaning’? (Yes/No/Don't Know).’ Those who report a diag-
nosis or history of treatment also answer the following questions: 
‘Approximately how old were you when you were first told that you 
had periodontal or gum disease?’, ‘‘Approximately how old were 
you when you first had treatment for periodontal or gum disease 
(i.e. scaling and root planing, sometimes called ‘deep cleaning’)?’ 
and ‘Approximately how old were you at the time of your most re-
cent treatment for gum disease (i.e. scaling and root planing, some-
times called ‘deep cleaning’)?’ all of which had open-ended text 
forms for age in years. TTP is assessed via self-report using enrol-
ment and follow-up questionnaires sent every 8 weeks after enrol-
ment. On the enrolment questionnaire, participants reported their 
date of last menstrual period (LMP), usual cycle length (if they had 
regular menstrual cycles) and the number of cycles of conception 
attempts at cohort entry. On each follow-up questionnaire, partic-
ipants reported their most recent LMP date and whether they had 
become pregnant since the previous questionnaire. Among those 
with irregular menstrual cycles, we estimated cycle length based 
on date of LMP at baseline and prospectively-reported LMP dates 
during follow-up. TTP was calculated as follows: menstrual cycles 
of attempt at study entry + [(LMP date from most recent follow-up 
questionnaire – date of baseline questionnaire completion)/usual 
menstrual cycle length] +1.

Prior analyses using PRESTO data found an association between 
a preconception history of diagnosis of and, separately, treatment 
for periodontitis with prolonged TTP, compared with those with no 
history of periodontitis.6

The study protocol was reviewed and approved by the Boston 
University Medical Campus Institutional Review Board and partici-
pants provided informed consent online.
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    |  3COMMENTARY

3.2  |  Process for applying the target trial 
framework

3.2.1  |  Developing a causal question

Target trial emulation requires the development of a clearly specified 
causal question that could be addressed with a trial. This is often an it-
erative process where the causal question is updated and respecified 
as details of the target trial and possible emulation plans are clarified. 
Before specifying the target trial, we first reviewed our broader scien-
tific question and available data to identify a causal question of inter-
est that could be answered using the data we had. We recommend 
that any research team planning a target trial conduct this process and 
consider describing it in any resulting manuscript.

Our broader scientific question was: ‘Among females with peri-
odontitis during the preconception period, how does receiving treat-
ment for periodontitis affect TTP?’ This question lacks the specificity 
of an ideal causal question. The latter is more properly expressed as 
a counterfactual: if the observed exposure A had actually been B, 
what would have happened to outcome Y? In order to answer this 
question, we need to specify precisely A, B and Y.14,15

To define a periodontitis treatment strategy and meaningful 
comparator, we considered both type (e.g. non-surgical scaling and 
root planing vs surgery) and timing (e.g. continuous treatment com-
pared with a single treatment). The target trial can accommodate the 
evaluation of a wide range of treatment strategies because there is 
no actual random assignment of treatments. Consequently, we can 
include data from participants who experience a treatment para-
digm that would be unethical to assign in a trial, but that nonetheless 
occurs in the real world (e.g. a patient discontinuing necessary treat-
ment due to financial constraints).

In a preconception cohort, there is heterogeneity in terms of 
when participants received treatment, were diagnosed with peri-
odontitis, initiated conception attempts and enrolled in the cohort 
(visually depicted in Figure 1). A target trial could compare any of 
these treatment schemas, given sufficient detail and study sizes in 
a data source. Evaluating different patterns of treatment adherence 
(including patterns of discontinuation and incomplete adherence) 
can provide insights consistent with pragmatic trials.16 When con-
sidering treatment strategies, we evaluated the data available in 
PRESTO. We had limited data on treatment: only whether partici-
pants had ever received any treatment for periodontitis and, if so, 
the ages at their earliest and most recent treatment(s). Thus, our abil-
ity to emulate specific treatment strategies was limited, because we 
lack data on exactly what date the treatments occurred in relation to 
enrolment, the type of treatment or whether additional treatments 
occurred between the first and most recent treatments or after en-
rolment (see Figure  1 for more details). Because periodontitis is a 
chronic condition, management can be ongoing and include mainte-
nance treatments.17 With more detailed data about treatment, we 
would specify specific treatment comparators of interest. For the 
purposes of this paper, we did not define specific treatment types 
for our causal question, but clearly specified treatment comparators 
would be necessary in an actual target trial emulation.

A causal question also benefits from specification of the relevant 
population in which a hypothetical trial would occur. Our broad sci-
entific question of interest concerns ‘preconception’ treatment of 
periodontitis, but we needed to clarify this description. In general, 
the ‘preconception’ period is the time period before a person be-
comes pregnant. To facilitate recruitment, the PRESTO cohort oper-
ationalizes this definition as the period of time during which a person 
identifies as a ‘pregnancy planner’; that is, someone attempting 

F I G U R E  1  Depiction of example real-life treatment schemas and whether they are observable in PRESTO. (A) Diagnosis after initiation 
of conception attempts, no treatment; (B) Diagnosis proximal to initiation of conception attempts with no treatment, (C) Diagnosis and 
one treatment proximal to initiation of conception attempts, (D) Diagnosis and one treatment with a long period of no treatment before 
conception attempts, (E) Diagnosis proximal to initiation of conception attempts with a long lag before enrolment in cohort; (F) Diagnosis 
followed by initiation of conception attempts and then treatment, (G) Regular treatment beginning after diagnosis and continuing after 
enrolment, (H) Long-term, regular ongoing treatment since diagnosis, (I) Long lag time between diagnosis and initiation of conception 
attempts, first treatment received after cohort enrolment. Schemas A–F could be observed in PRESTO data, while schemas G-I could not. 
PRESTO, Pregnancy Study Online.
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4  |    COMMENTARY

pregnancy but not yet pregnant. We chose to further define our 
population of interest as those who have been attempting preg-
nancy for no more than 6 cycles. We chose this definition because of 
the clinical relevance to new and recent pregnancy planners, as well 
as due to our lack of data on exact date of treatment. In addition, 
this definition helps reduce the possibility for reverse causation that 
could be observed with longer attempt times; since longer attempt 
times allows for more preconception time during which treatment 
can occur but may also reflect conception difficulties due to other 
causes (i.e. genetics).

This is not the only population of interest we could consider 
since there is heterogeneity in the duration of pregnancy attempts 
in any given preconception population. We could have chosen to 
consider a question relating to the extent to which treatment of 
periodontitis before any initiation of conception attempts affects 
TTP. Alternately, we could have chosen to consider a question 
about the efficacy of treatment among those with at least 6 cycles 
of unsuccessful attempts or a question about the effect of peri-
odontitis treatment on TTP on a per-cycle basis, in which treat-
ment is evaluated against no treatment at each cycle of conception 
attempts.

These decisions enabled us to hone our broader scientific ques-
tion into a causal question to inform our target trial specification: 
‘Among females with diagnosed periodontitis who self-identify as 
pregnancy planners and have been attempting conception for no more 
than 6 cycles, would their TTP have been different if they had re-
ceived treatment appropriate for their disease severity in the pre-
conception period compared to if they had not received treatment 
during the preconception period?

3.2.2  |  Considering ‘time zero’

With the causal question in mind, we considered the appropriate point 
to begin followup time (i.e. ‘time zero’). In a randomized trial, follow up 
time begins with randomization. In an observational emulation, the 
specification of time zero can introduce myriad biases because of the 
interplay between treatment initiation and when a participant meets 
the specified eligibility criteria. This is particularly challenging when 
the comparison group of interest is receiving no treatment. Emulation 
failures related to misspecification of time zero are comprehensively 
detailed in Hernan et al, 2016.9 To reduce the opportunity for bias, time 
zero and treatment status should be specified at the time that individu-
als become eligible. When treatment can occur before time zero, the 
primary concerns are a change in the study population, which can occur 
when both eligibility and treatment occur before time zero, and selec-
tion bias, which can occur if treatment affects subsequent baseline 
eligibility. If treatment affects baseline eligibility, then collider stratifi-
cation bias may occur if there are common causes of eligibility and the 
outcome. These biases can be mitigated by careful interpretation of 
study results and appropriate control for common causes of eligibility 
and the outcome. On the other hand, when treatment or eligibility can 
occur after time zero, the primary concern becomes immortal time bias. 
This bias is much more difficult to mitigate and requires both sufficient 
time-varying data and more complex statistical analyses.1,9

In our case, the determination of time zero is made more com-
plex because we must also consider the relationship between when 
participants initiated conception attempts and when they enrolled 
in PRESTO, as some individuals attempted conception for some time 
before enrolling in PRESTO. Figure 2 details three possible time zero 

F I G U R E  2  Depictions of our specified trial and time zero considerations in our trial emulation. d: (A) Time zero designated at treatment 
receipt, which occurs prior to initiation of conception attempts (eligibility) and enrolment. Person time which occurred after treatment 
but prior to the initiation of conception attempts, when couples may have been actively preventing pregnancy, would be analogous to 
inappropriate randomization in the specified trial, since those who are not pregnancy planners are not eligible for our study. Including these 
individuals could also induce immortal time bias. (B) Time zero designated at cohort enrolment, following both eligibility and treatment 
assignment. Follow up may be left truncated, discarding potentially useful information. This can cause bias in the effect estimate.9 In 
addition, the introduction of cohort eligibility criteria after treatment and initiation of conception attempts can potentially induce selection 
bias. This bias can be mitigated by analytic adjustment. (C) Time zero designated at initiation of conception attempts, after treatment receipt. 
This is the strategy we ultimately selected, with included bounds on the amount of time that could have elapsed between treatment receipt 
and initiation of conception attempts (12 months) due to the potential waning treatment effect.
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    |  5COMMENTARY

designations we considered, as well as potential biases. Ultimately, 
we decided that the most appropriate ‘time zero’ was initiation of 
conception attempts (i.e. discontinuation of contraceptive or pro-
tection against pregnancy) because it posed the lowest risk of bias 
of the three possible time zero assignments. Assigning time zero at 
treatment receipt presented the potential for the inclusion of person 
time in which couples may have been preventing pregnancy and as-
signing time zero at cohort enrolment presents the risk of left trun-
cation, which can bias effect estimates.9

3.2.3  |  Identification of factors related to treatment 
receipt

Trial emulation attempts to emulate random assignment by adjust-
ing for confounding factors related to the receipt of treatment and 
the outcome.1 In this way, the emulation attempts to adjust for the 
elements in the real world that produce imbalance in the outcome 
across the study arms. This procedure can lead to residual confound-
ing if randomization is incompletely emulated, that is, if not all con-
founding factors are adequately controlled. Trial emulation works 
best when the dataset contains information on a wide variety of 
characteristics at time zero.1 Even with detailed covariate informa-
tion, however, it is generally impossible to know whether trial emu-
lations are biased due to uncontrolled confounding; approaches to 
assess the potential for unmeasured confounding are discussed in 
Hernán et al.1

In the present example, it is necessary to adjust for covariates 
known to be related to having had periodontitis treatment. There 
are a few broad categories of factors potentially related to treat-
ment receipt among those with a history of periodontitis: disease 
severity, socioeconomic status and access to dental care. To inform 
our emulation, we used PRESTO data to evaluate the distribution 
of characteristics, including factors potentially related to treatment 
receipt, among all PRESTO participants who reported a history of 
diagnosis of periodontitis (N = 677) by whether they also reported 
receiving treatment (results displayed in Table 1).

3.3  |  Target trial and emulation protocol

After finishing the iterative process through which we identified a 
causal question, we designed the trial and emulation. We followed 
the structure described in Hernán and Robins, 2016,1 which identi-
fies seven necessary components. Below, we specify each compo-
nent for the target trial for emulation. The complete emulation is 
displayed in Table 2.

3.3.1  |  Eligibility criteria

Target trial: Eligibility criteria include attempting pregnancy with 
one biologically male partner and having clinically-determined 

TA B L E  1  Descriptive comparison of characteristics potentially 
associated with receipt of treatment among those in PRESTO with 
a positive history of periodontitis diagnosis (N = 677).

Characteristic

Participants 
reporting a history 
of periodontitis 
diagnosis (N = 286)

Participants 
reporting a history 
of treatment for 
periodontitis 
(N = 391)

Age, years, mean (sd) 32.0 (4.3) 32.4 (4.1)

Age at periodontitis 
diagnosis (mean)

26.0 (6.5) 27.3 (5.6)

Years between 
periodontitis diagnosis 
and enrolment (mean)

6.0 (5.5) 5.1 (5.0)

Body mass index (mean) 28.9 (8.4) 30.2 (8.6)

Parous, n (%) 124 (43.4%) 150 (38.4)

Income, USD

<15 000 6 (2.1) 4 (1.0)

15 000-24 999 14 (4.9) 7 (1.8)

25 000-49 999 37 (12.9) 38 (9.7)

50 000-74 999 52 (18.2) 58 (14.8)

75 000-99 999 38 (13.3) 76 (19.4)

100 000-124 000 39 (13.6) 67 (17.1)

125 000-149 999 26 (9.1) 44 (11.3)

150 000-199 999 33 (11.5) 39 (10.0)

200 000+ 36 (12.6) 51 (13.0)

Education, years

<12 1 (0.4) 1 (0.3)

12 20 (7.0) 9 (2.3)

13–15 61 (21.3) 70 (17.9)

16 82 (28.7) 120 (30.7)

≥17 122 (42.7) 191 (48.9)

Currently has dental 
insurance, %

245 (85.7) 354 (90.5)

Sugar sweetened 
beverage consumption

0 servings/week 97 (34.0) 152 (39.0)

1 serving/week 45 (15.8) 54 (13.9)

2–6 serving/week 83 (29.1) 132 (33.9)

≥7 serving/week 60 (21.1) 52 (13.3)

Cigarette smoking status

Never 229 (80.1) 300 (76.7)

Former 30 (10.5) 58 (14.8)

Occasional 8 (2.8) 13 (3.3)

Regular 19 (6.6) 20 (5.1)

Diabetes, n (%) 13 (4.6) 14 (3.6)

History of tooth mobility, 
n(%)

22 (7.8) 28 (7.2)

Currently employed, n(%) 245 (85.7) 346 (88.5)

Geographic region

Northeastern U.S. 56 (19.6) 81 (20.7)

(Continues)
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6  |    COMMENTARY

periodontitis, assessed by trained clinicians using an established op-
erational definition. Exclusion criteria includes being pregnant and 
using fertility treatment or contraception. We additionally restrict 
participants to ≤6 cycles of conception attempts at enrolment, with 
planned sensitivity analyses to explore the potential for duration of 
pregnancy attempt time to act as a modifier (i.e. a secondary analy-
sis in which only those with ≤2 cycles of conception attempts are 
included).

No restrictions on duration of periodontitis are included. Given 
that periodontitis is a chronic, ongoing condition, a trial excluding 
those with certain patterns of disease history (e.g. diagnosis greater 
than 4 years before conception attempt initiation) may limit the util-
ity of the findings. We exclude participants who are currently un-
dergoing treatment and therefore could not ethically be randomized 
to no treatment. We consider treatment within 12 months before 
trial entry as ‘current treatment’ and do not exclude potential partic-
ipants with treatment more than 12 months before trial entry.

Emulation: Participants reporting a history of periodontitis di-
agnosis would be eligible for inclusion. As in the target trial, we 

Characteristic

Participants 
reporting a history 
of periodontitis 
diagnosis (N = 286)

Participants 
reporting a history 
of treatment for 
periodontitis 
(N = 391)

Southern U.S. 72 (25.2) 106 (27.1)

Midwestern U.S. 71 (24.8) 76 (19.4)

Western U.S. 48 (16.8) 87 (22.3)

Canada 39 (13.6) 41 (10.5)

Time since last visited a 
dentist for any reason

Within last year 188 (65.7) 294 (75.2)

1–2 years 64 (22.4) 76 (19.4)

3–4 years 19 (6.6) 16 (4.1)

≥5 years 15 (5.2) 5 (1.3)

Time since last dental 
cleaning

Within last year 167 (58.4) 288 (73.7)

1–2 years 66 (23.1) 76 (19.4)

3–4 years 22 (7.7) 18 (4.6)

≥5 years 31 (10.8) 9 (2.3)

Rate the health of your 
teeth and gums

Excellent 16 (5.6) 17 (4.4)

Very good 79 (27.6) 101 (25.8)

Good 89 (31.1) 162 (41.4)

Fair 74 (25.9) 91 (23.3)

Poor 28 (9.8) 20 (5.1)

Abbreviations: PRESTO, Pregnancy Study Online; sd, standard 
deviation; U.S., United States; USD, United States Dollars.

TA B L E  1  (Continued) TA B L E  2  Target and emulation trial protocol.

Component Target trial specification Target trial emulation

Eligibility 
criteria

•	 Identify as female, 
assigned female at birth, 
or have uterus

•	 Aged 21–45
•	 Not using fertility 

treatment or 
contraception

•	 Attempting pregnancy 
with a single partner

•	 Not pregnant at 
enrolment

•	 Resident of the United 
States or Canada

•	 ≤6 months of pregnancy 
attempts at enrolment

•	 Clinically confirmed 
periodontitis

•	 Not currently 
undergoing treatment 
for periodontitis

•	 Same, except 
periodontitis is 
determined by 
a self-report of 
diagnosis and we 
lack data on whether 
participants are 
currently undergoing 
treatment for 
periodontitis

Treatment 
strategies

•	 Treatment: Participants 
received one of a few 
prespecified treatment 
regimens appropriate 
for different degrees of 
disease severity*

•	 Control: no treatment 
before conception 
attempts

•	 Treatment is positive 
response to the 
question ‘Have you 
ever head treatment 
for periodontitis?’ 
within 12 months of 
initiating conception 
attempts

•	 Control is negative 
response to above 
question.

Treatment 
assignments

•	 Participants randomly 
assigned
•	 Unblinded

•	 Assume random 
assignment within 
levels of baseline 
covariates

Time zero 
assignment

•	 Time zero begins at 
randomization

•	 Begins with first 
reported cycle of 
conception attempt

Follow up 
period

•	 Follow up ends at 
pregnancy, 12 months 
of follow up without a 
pregnancy, withdrawal, 
initiation of fertility 
treatment
•	 Should look 

separately at shorter 
durations: i.e., first 
3 months, first 
6 months, etc.

Same

Outcome •	 Pregnancy
•	 Cycles of attempts 

until pregnancy

Same

Causal 
contrasts of 
interest

•	 Intent-to-treat and 
per-protocol

Per-protocol

*Designing specific treatment comparators is beyond the scope of this 
paper. Researchers conducting a target trial should consider clinical 
best practices, the likely clinical condition of their target population, 
and available data on treatment in the data source.
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    |  7COMMENTARY

restrict to those with ≤6 months of conception attempts at en-
rolment. Since we are not in fact assigning treatment, we do not 
exclude participants actively undergoing treatment from the em-
ulated trial.

3.3.2  |  Treatment strategies

Target trial: Our aim was to estimate the effect of receiving peri-
odontitis treatment compared with no treatment proximal to the 
initiation of conception attempts among females attempting preg-
nancy with 6 or fewer months of conception attempts. Because 
we place few restrictions on disease history or status, beyond 
requiring clinical confirmation and no active treatment, we antici-
pate heterogeneity in our hypothetical target sample in terms of 
disease severity. As such, we would specify a few specific types 
of periodontitis treatment appropriate for different disease stages/
severity. Precisely defining these treatment regimens is beyond 
the scope of this paper. In the target trial, treatment would occur 
shortly after randomization and we would specify the time frame 
within which treatments must be completed.

Emulation: Prior scientific research suggests that any treatment 
effect would last a maximum of 12 months.18-21 Therefore, we cat-
egorized participants as exposed if they reported any treatment at 
any time during the 12 months before time zero. Due to the nature 
of the data available, we determined the time since reported treat-
ment based on the age at time of treatment; we considered partic-
ipants to be unexposed if the reported age at treatment was more 
than one year younger than their age at baseline. Finally, while 
we intend to estimate the effects of treatment, it is important to 
be aware that the measured variable is self-report of treatment 
history. Measurement error in this variable may need to be consid-
ered in the analyses.

3.3.3  |  Follow up period and ‘time zero’

Target trial: ‘Time zero’ corresponds to the point of randomization. 
Patients are followed for a minimum of 12 months to reflect the 
fact that changes to systemic health after periodontitis treatment 
are believed to last for up to 6 months, with the potential for up to 
12 months.18-21

Emulation: ‘Time zero’ is the initiation of conception attempts 
(even if this occurred before enrolment). Follow up continues for up 
to 12 months after cohort enrolment, until pregnancy, loss to fol-
low-up or administrative censoring.

3.3.4  |  Assignment procedures

Target trial: Randomize participants to receive either periodontal 
treatment (as previously defined) or no treatment.

Emulation: Random assignment will be emulated by adjusting 
for confounding factors related to treatment receipt and TTP: years 
between periodontitis diagnosis and enrolment, body mass index, 
parity, income, education, sugar-sweetened beverage consumption, 
smoking status, diabetes and self-rated oral health.

3.3.5  |  Outcomes

Target trial: Time (in menstrual cycles) to pregnancy.
Emulation: Self-reported TTP, calculated from data obtained in 

enrolment and follow up questionnaires. Participant reports of TTP 
have previously been validated and >90% of participants had agree-
ment within 1 day for their date of LMP reported on a questionnaire 
and an online fertility tracking app.10 Additional validity efforts, 
including cross-referencing self-reported LMP with data collected 
from a fertility app, may be warranted to improve validity.

3.3.6  |  Causal contrast of interest

Target trial: The causal contrast of interest refers to the comparison 
that will be estimated from the target trial. The intention-to-treat 
comparison or ‘as randomized’ comparison, is generally regarded as 
the preferred approach to analysing trial data, because it enables the 
analyst to retain the primary benefit of randomization: confounding 
reduction.22 However, the intention-to-treat contrast describes the 
effect of randomization to the treatment strategies of interest and 
can be less informative when there is non-adherence. Another causal 
contrast of interest in a randomized trial is the ‘per-protocol effect’ 
which describes the effect of actually receiving assigned treatment.

In this application, the target trial would estimate the intention-
to-treat and per-protocol effect.

Emulation: In the emulation, we are interested in the effect of re-
ceiving treatment, so we emulate the per-protocol effect. We use self-
reported treatment receipt as a proxy for actual treatment receipt.

3.3.7  |  Analysis plan

Target trial: To estimate the intention-to-treat effect, TTP among those 
randomized to receive treatment is compared with those who were 
randomized not to receive treatment. The per-protocol effect requires 
adjustment for baseline and post-baseline factors related to whether 
or not participants adhered to their assigned treatment strategy.1 We 
would use proportional probabilities regression models, an analog to 
the Cox proportional hazards model that models discrete probabilities 
rather than a smooth hazard function, to estimate fecundability ratios 
and 95% confidence intervals comparing those who received treat-
ment to those who did not.23 In a trial with follow-up data, we may 
need to adjust for post-baseline factors if they are related to loss to 
follow up,22 to mitigate the potential for selection bias.24
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8  |    COMMENTARY

Emulation: TTP would be compared between those with and 
without a history of treatment for periodontitis, adjusting for base-
line confounders. The statistical analyses would be the same. We 
could also consider adjusting for post-baseline factors related to loss 
to follow up.

3.3.8  |  Interpreting the emulation

After finalizing the target trial and emulation protocol, it is useful 
to revisit the specified causal question. This is because analytic 
decisions made while designing the emulation can influence the 
question that can be answered. Our original research question 
was ‘Among females with periodontitis during the preconcep-
tion period, how does receiving treatment for periodontitis af-
fect TTP?’ After specifying the target trial, we had identified a 
more specific causal question: ‘Among females with diagnosed 
periodontitis who self-identify as pregnancy planners and have 
been attempting conception for no more than 6 cycles at the 
time of enrolment into the study, would their TTP, counted from 
initiation of conception attempts, have been different if they were 

assigned to treatment appropriate for their disease severity in 
the preconception period compared to if they were not assigned 
to treatment during the preconception period?’. In considering 
the possible options for emulation with the PRESTO data, we 
further refined our causal question to ask ‘Among females with 
diagnosed periodontitis who self-identify as pregnancy planners 
and have been attempting conception for no more than 6 cy-
cles at the time of enrolment into the study, would their TTP, 
counted from initiation of conception attempts for a maximum 
of 12 months, have been different if they were assigned to and 
received treatment appropriate for their disease severity in the 
preconception period no more than 12 months before study 
entry compared to if they were not assigned to and did not re-
ceive treatment during this time? The iterative process through 
which our target trial specification influenced our causal ques-
tion is detailed in Figure 3. The interpretation would be limited 
by the fact that we rely on self-report to assess both diagnosis 
and treatment. The resulting misclassification would have the 
potential to bias any observed associations. The use of quantita-
tive bias analysis could provide insights into the potential influ-
ence of this bias, to aid in interpretation.25,26

F I G U R E  3  Iterative process of 
specifying a causal question for the effect 
of preconception periodontitis treatment 
on time to pregnancy.
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    |  9COMMENTARY

3.3.9  |  Barriers to implementation of the proposed 
emulation in the PRESTO data

Here, we report only the target trial and emulation plans, due to bar-
riers to implementation we identified through this process. Most im-
portantly, our data lack sufficient detail about treatments received, 
including type and date, to enable a detailed specification of com-
parators. This required an alteration to our causal question which 
could affect interpretability of results. We also lack details about 
the criteria used by individual dental care providers to diagnose 
periodontitis, as well as disease severity beyond disease duration, 
which may limit our ability to successfully emulate randomization 
as disease severity is an important potential confounder. These 
two barriers could be resolved through collection of more detailed 
data. Though the target trial framework can improve causal infer-
ence from observational data, it is not a panacea and the data quality 
should be considered when contemplating the potential for infer-
ence from a target trial emulation.

4  |  DISCUSSION

We detail the specification of a target trial and observational emula-
tion protocol to evaluate the potential effect of preconception peri-
odontitis treatment on TTP. In the process of specifying the target 
trial, we identified important limitations in our available data source. 
Because the target trial framework has the potential to aid in the 
creation of valid and clinically relevant observational oral health re-
search, we share these challenges to aid in the collection of future 
data for trial emulations.

We gained several insights related to the potential for trial emu-
lation in oral health research. Data quality is critical. The target trial 
framework originated in claims databases, which have large study 
sizes and considerable treatment details.1 However, the use of claims 
data for oral health research is nascent and many large claims data-
bases lack information on dental claims and/or are limited to proce-
dural codes. An effective target trial involves precise specification of 
detailed treatment comparators. Validated self-report questions re-
lated to periodontitis treatment do not routinely collect much detail 
about treatment,11,12 which may limit their utility in target trial emu-
lations. Self-reported data are additionally limited by the lack of clin-
ical assessments of periodontal health. As such, researchers should 
consider how they would define periodontitis in the inclusion criteria 
for a trial. For example, if chronic inflammation is most etiologically 
important, then the eligibility criteria for a target trial may reference 
attachment loss and questions related to disease history would be 
important for an emulation. If current, active inflammation is more 
important, then questions related to current oral health would be 
most informative. However, this does not effectively address the 
fact that there can be considerable heterogeneity in how individ-
ual dental care providers diagnose periodontitis, which means that 
a history of diagnosis may have widely variable clinical implications 
depending on the case definition employed by the provider.27 The 

development of novel and carefully validated self-reported mea-
sures capturing disease and treatment details could facilitate future 
target trial emulations. Applying the target trial emulation protocol 
to specific research questions can be an invaluable tool to identify 
limitations in currently available measures and data and help inform 
future research directions.

Specifying a trial emulation protocol also revealed the complexity 
of managing multiple events of interest. Our cohort varied in terms 
of when participants received treatment, initiated conception at-
tempts and enrolled in the study. In designing our emulation, we had 
to consider the potential for bias depending on how we designated 
‘time zero.’ Oral health researchers using the target trial framework 
should dedicate time to understanding the interplay between the 
timing of treatment receipt and entry into an observational study 
to reduce the chances of bias. Conducting the emulation is further 
complicated by unknowns around the potential duration of the ben-
efit of periodontitis treatment on systemic outcomes. There seems 
to be consensus that reductions in circulating inflammatory markers 
after periodontitis treatment persist for 3–6 months, and potentially 
up to 12.18-21 Defining an appropriate duration of follow-up can be 
challenging when there is uncertainty around the expected duration 
of treatment benefit.

By detailing our target trial specification and emulation protocol, 
we aimed to provide recommendations and guidance to facilitate 
the use of the target trial framework in oral health epidemiology. 
Though we did not conduct the trial emulation, our specified trial 
could serve as a blueprint for future trial emulations. We hope that 
our insights can help researchers plan and conduct effective target 
trial emulations for the purposes of evaluating research questions in 
oral health.
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