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ABSTRACT

Objectives To assess the reporting and methodological
quality of early-life policy intervention papers that applied
difference-in-differences (DiD) analysis.

Study design Systematic review.

Data sources Papers applying DiD of early-life policy
interventions in high-income countries as identified by
searching Medline, Embase and Scopus databases up to
December, 2022.

Study eligibility criteria, participants and

interventions Studies evaluating policy interventions targeting
expectant mothers, infants or children up to two years old

and conducted in high income countries were included. We
focused on seven critical conditions of DD as proposed in a
comprehensive checklist: data requirements, parallel trends,
no-anticipation, standard statistical assumptions, common
shocks, group composition and spillover.

Results The DiD included studies (n=19) evaluating early-life
policy interventions in childhood development (n=4), healthcare
utilisation and providers (n=4), nutrition programmes (n=3)
and economic policies such as prenatal care expansion (n=8).
Although none of the included studies met all critical conditions,
the most reported and adhered to critical conditions were data
requirements (n=18), standard statistical assumptions (n=11)
and the parallel trends assumption (n=9). No-anticipation and
spillover were explicitly reported and adhered to in two studies
and one study, respectively.

Conclusions This review highlights current deficiencies
in the reporting and methodological quality of studies
using DiD to evaluate early-life policy interventions.

As the validity of study conclusions and consequent
implications for policy depend on the extent to which
critical conditions are met, this shortcoming is concerning.
We recommend that researchers use the described
checklist to improve the transparency and validity of their
evaluations. The checklist should be further refined by
adding order of importance or knock-out criteria and may
also help facilitate uniform terminology. This will hopefully
encourage reliable DiD evaluations and thus contribute to
better policies relating to expectant mothers, infants and
children.

INTRODUCTION

.12 Jeroen Struijs,"? Annelieke Petrus,?> Marlin Leemhuis,’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A comprehensive literature search was undertaken
across major existing databases.

A formal checklist was used to critically appraise
studies that applied difference-in-differences (DiD)
to evaluate early-life policy interventions on their
adherence to seven critical conditions underlying
DiD.

The checklist we used was not exhaustive, and in-
clusion of other critical conditions and adding an
order of importance of critical conditions might have

=

resulted in slightly different conclusions.

that is commonly used to evaluate public
policy across diverse research areas such as
economics and health services research.'”
Over the last decade, studies using DiD have
also emerged specifically in the evaluation
of early-life policy interventions such as the
Revised Special Supplemental Nutrition
Programme for Women, Infants and Chil-
dren and the State Children’s Health Insur-
ance Programme (SCHIP).° ! Early-life policy
interventions generally promote healthy
development, well-being and learning oppor-
tunities during the critical early years of a
child’s life.

Children’s early experiences and envi-
ronment have important long-term conse-
quences in terms of health and social
outcomes.® Early-life years, from conception
up to 2 years of age, therefore offer a critical
window of opportunity to shape the trajectory
of a child’s development and later life. When
children miss out on the best potential start
in life, cycles of poverty and disadvantage may
recur for generations. Targets set by the 2030
Agenda for Sustainable Development, which
have not been met even in high-income
countries, involve issues such as poverty,
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opportunities to develop skills within high-income coun-
tries.” Supporting a good start in life by providing early-
life policy interventions to all young children and families
is considered one of the most powerful and cost-effective
equalisers, ensuring that even the most vulnerable chil-
dren reach their full potential ®

To optimally inform policymakers on the effects of
policy interventions in early-life years, reliable evidence
obtained with robust evaluations is needed.'” These eval-
uations can provide information on access, participation,
equality and the quality of provision. While the strongest
evaluation designs compare children and parents who
receive programme services with a comparison group of
children and parents who do not receive those services,
sometimes this is not possible for practical or ethical
reasons. In settings where randomised controlled trials
are not feasible or unethical, other evaluation designs
are used to study causal effects. These include quasi-
experimental designs, of which DiD is frequently used in
public health research.'

DiD gained popularity as a result of the intuitive
conceptual design, coupled with the increasing avail-
ability of longitudinal data. The underlying principle of
a DiD design involves (1) the availability of an interven-
tion, (2) a preintervention period, (3) a postintervention
period, (4) a treatment group and (5) a control group."'
In a DiD, the difference in outcomes between the treat-
ment and control group at baseline (difference 1) and
subsequently during the postintervention period (differ-
ence 2) represents the estimated average treatment
effect of the treated (difference 2 minus difference 1),*"!
hence explaining the name ‘difference-in-differences’.
By combining the pre—post comparisons with across
treatment and control group comparisons, confounding
due to both (unobserved) time and selection bias can be
excluded."?

Despite the apparent simplicity and intuitive nature of
the DiD concept, several challenges hinder the drawing
of valid conclusions. There is a vast body of literature
showing that specification choices, such as the choice of
a control group, can impact point estimates and statis-
tical significance.” * "*'* These specification choices in
turn affect the validity of policy recommendations based
on the estimates. In order to be able to draw valid causal
conclusions, assumptions and other conditions of DiD,
such as data requirements, parallel trends assumption
and no-anticipation, need to be met, hereafter collectively
referred to as ‘critical conditions’. Ryan et al proposed a
checklist encompassing seven critical DiD conditions,
including checks and mitigation strategies for applied
research.'’ While recognising that the checklist by Ryan
et alis not all-encompassing, it is the most comprehensive
formalised checklist currently available for DiD critical
conditions.

To date, the extent to which studies evaluating early-
life policy interventions meet these ‘critical conditions’ is
unknown. As the validity of causal conclusions and conse-
quent policy decisions strongly depend on the extent to

which these critical conditions are met, better insight into
this issue is crucial. Therefore, the aim of this study was
to systematically analyse the scientific literature to iden-
tify and assess the reporting and methodological quality
of studies evaluating early-life policy interventions using
DiD.

MATERIALS AND METHODS

Eligibility criteria

The PRISMA (Preferred Reporting Items for Systematic
Reviews) 2020 statement was used to ensure the validity
and reliability of the selection procedure.'” We included
studies based on the following three eligibility criteria.
First, studies focusing on early-life policies or interven-
tions were included, defined as regulations, legislations,
fiscal policies and mandates targeting expectant mothers,
infants and children during the first two years of life,
hereafter collectively referred to as ‘early-life policy
interventions’. Second, studies were required to use DiD
as their main analysis technique. Third, studies were
included if they studied populations from high-income
countries as defined by the World Bank.'® We excluded
letters, commentaries, theoretical simulations, studies
not written in English and those not published in peer-
reviewed journals.

Search strategy

Our search strategy was set up with the help of a librarian
(available in online supplemental data S1). Search terms
were based on the eligibility criteria and described early
life and DiD. Searches were conducted within Medline,
Embase and Scopus, along with Internet searches via
Google and reference tracking, encompassing data avail-
able until December 2022. All search results were stored
in EndNote.

Selection procedure

After duplicate removal, two researchers (AK and ML)
independently performed screening of titles and abstracts
to assess eligibility. Inconsistencies between researchers
were resolved through discussion and a third researcher
(JS) acted as mediator when necessary.

Data extraction

We extracted data from the included studies using two
predefined extraction tables. The first table consisted of
general information: authors, publication year, the eval-
uated policy intervention (including name, objective
and implementation period), the level/setting on which
the policy intervention was implemented, data sources,
study population and main outcomes. The second
table concerned whether critical conditions of DiD, as
proposed in the checklist of Ryan et al, were explicitly
reported and if these critical conditions were met."" AK
extracted the data, while ML randomly verified 25% of the
studies for consistency. Given the minimal inconsistencies
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encountered, we did not expand further data extraction
checking.

Critical appraisal

The included studies were critically appraised in rela-
tion to the aforementioned seven critical conditions of
DiD. Specifically, we assessed whether the criteria were
reported and if they were met as proposed in the check-
list of Ryan et al.'' We appraised the seven critical condi-
tions based on the information reported in the methods
section within each study. If information was not present
in the methods section, we examined the results section,
discussion section and appendices for useful information.
Concerning reporting quality, per critical condition we
assessed whether a condition was explicitly mentioned
(‘yes’) or omitted (‘no’). Per critical condition, we noted
‘+” if the study indicated criteria fulfilment, ‘-’ if the study
did not meet criteria and ‘?” indicating unclear or missing
information. The critical appraisal was prepared and
executed by AK and thoroughly discussed with EAV and
JS. After consensus was reached on the critical appraisal, a
statistician was consulted for a final verification.

Critical conditions of DiD based on checklist by Ryan et a/'!

Ryan et al described seven critical conditions for DiD: (1)
data requirements, (2) parallel trend, (3) no-anticipation,
(4) standard statistical assumptions, (5) common shocks,
(6) group composition and (7) spillover. An overview of
the assessment per critical condition, and what to do if
the critical condition was violated is presented in table 1.

Data requirements

To implement a DiD design, longitudinal data must be
available on study outcomes for both the treatment and
control groups, including at least one time period both

before and after implementation of the intervention. This
critical condition is directly observable and if violated no
valid inferences can be made using DiD according to
the checklist by Ryan et al.'' Studies using data from the
preintervention and postintervention period for both the
treatment and control group were appraised as ‘+’ for
data requirements.

Parallel trends assumption

Parallel trends is considered a key assumption for
DiD.' ** 121719 The parallel trends assumption requires
the treatment and control groups to change at the same
rate prior to the intervention, although treatment and
control groups may show different levels of the outcome
in question. The parallel trends assumption is needed
to calculate the counterfactual, defined as the likely
outcome for the treatment group in the postinterven-
tion period had the treatment group not been exposed
to the intervention. If the parallel trends assumption
holds preintervention, it is possible to estimate the coun-
terfactual postintervention based on the control group’s
preintervention trend. This parallel trends assumption is
crucial if we wish to validly attribute a difference between
the differences in outcomes of groups to the policy inter-
vention, rather than to pre-existing differential trends in
outcomes and, thereby exclude selection bias. Studies
were viewed as adhering to the parallel trends assumption
if they assessed whether linear preintervention trends
differed statistically between the treatment and control
groups (appraised as ‘+’). This was appraised by testing
the significance of the interaction term between the time
trend and the treatment group at multiple data points in
the preintervention period. In addition to the definition
of Ryan et al as regards the parallel trends assessment,"!

Table 1

Critical conditions of DiD and mitigations if violated based on checklist by Ryan et a/'’

Critical condition Assessment

Mitigation strategies if violated

Data requirements

Parallel trends
assumption

Directly observable

No-anticipation

Standard statistical Assess violations of SEs

assumptions
Common shocks

Assess whether preintervention trends are parallel between
treatment and control group (placebo test plus event study)

Assess whether baseline outcome is correlated with the
probability of assignment to the treatment across the study
period for both treatment and control group

Generally not testable, but other factors than the intervention

NA

If multiple control groups are available,
match treatment and control units

If multiple control groups are available,
match treatment and control units

Clustered SEs and permutation tests are
recommended

NA

that may affect outcomes for either the treatment or control
group should be taken into account in the interpretation

Group composition

between treatment and control group
Spillover

DiD, difference-in-differences; NA, not applicable.

Assess the difference in observed covariates in both the
preintervention and postintervention period between the
treatment and control group and test differential drop-out rates

Assess whether the control group shows deviation from
existing trend in the outcome concurrent with the intervention

Control the analysis for covariates with
observed differences between treatment
and comparison group before and after
the intervention

Choose an alternative control group that
is not subject to spillovers
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we also judged placebo tests at multiple data points in the
preintervention period and event studies as adhering to
a parallel trends assessment. A placebo testis a technique
that shifts the time of intervention to before the actual
time of intervention, at which point DiD is expected to
yield a no-effect estimate.”’ If a placebo test measures an
effect, the parallel trends assumption must be rejected.
An alternative method to test for parallel trends, the
event study graph, shows differences between the treat-
ment and control groups at different time points before
and after the intervention.”' Event studies depict whether
differences exist between the intervention and control
groups at different time points before and after the
intervention. Both placebo tests and event studies were
appraised as ‘+’ for parallel trends assessment.

No-anticipation

Another frequently mentioned critical condition of DiD is
no-anticipation.'***** No-anticipation states that outcome
levels in the preintervention period should not be associ-
ated with the probability of assignment to the interven-
tion. This critical condition is violated if treatment effects
are disproportionally present in the treatment group in
preintervention periods, which may lead to misinterpreta-
tion of the treatment effect.** Violation of no-anticipation
is plausible in many setups, especially if an intervention is
announced in advance, potentially leading to behavioural
change in response to information about a policy rather
than the policy itself. We appraised studies as adhering
to this critical condition if they assessed whether the
outcome in the preintervention period correlated with
change in performance of the treatment group.'" As with
the parallel trends assumption, matching treatment and
control group for preintervention levels is recommended
to reduce bias."" It is important to assess no-anticipation,
even if trends between treatment and control groups are
parallel in the preintervention period.

Standard statistical assumptions

DiD is performed using regression analysis and is there-
fore subject to standard statistical assumptions. Point esti-
mates of policy intervention effects can be easily generated
by calculating the difference in means for the outcome
between treatment and control groups, before and after
the intervention was implemented. Regression models
enable calculation of DiD estimates, with CIs for variance.
Furthermore, regression analysis allows more advanced
specifications to be developed, improving the accuracy
of point estimates and statistical inference. However, it is
critical that violations of standard statistical assumptions
are addressed appropriately. Ryan et al recommend the
use of clustered SEs to account for heteroskedasticity
at the cluster level, as this results in lower false rejec-
tion rates.'" Ryan et al also recommend performance of
permutation tests used for exact inference if ‘assumptions
underlying other variance estimators may be violated’.""
There are no general recommendations for the level of
clustering, as this depends on the sampling (i.e., the level

of clustering depends on how the sample is drawn from
the population) and the parameter of interest (the level
of clustering depends on the treatment assignment level).
We appraised studies as adhering to standard statistical
assumptions if they applied clustered SEs or permutation
tests.

Common shocks

‘Common shocks’ refers to other phenomena occurring
at the same time or after the start of treatment which
equally affect the treatment and control groups. This
critical condition is generally not testable, but factors
other than the intervention that may affect outcomes for
either the treatment or control group should be taken
into account. Changes in unobserved factors over the
study period, for example, self-selection into treatment
which reflect an increased but unobserved interest in
improving the outcome, may result in ‘expected gains
bias’ if the changing unobserved factor has led to effects
not attributable to the programme itself, resulting in an
overestimation of the estimated programme effect. This
assumption is not directly testable and if violated no valid
inferences can be made using DiD according to Ryan et
alM! Ryan et al did not propose a test for this assump-
tion, although several strategies exist to test for common
shocks. We viewed additional analyses of common
shocks, for example, inclusion of fixed effects or addi-
tion of extra control groups, as adhering to this critical
condition.

Group composition

DiD also rests on the assumption that the composi-
tion of both the treatment and control group remains
constant over the course of the study period, including
all unobserved factors affecting outcomes. However,
compositional change can occur due to differential
drop-out between treatment and control groups. To
assess this critical condition, Ryan et al proposed testing
for any difference in observed covariates between treat-
ment and control groups before and after the inter-
vention."" If differences are identified, they should
be addressed by controlling for them in the analysis.
DiD can be applied on two levels, the ‘group level’ and
the ‘individual level’. In the group-level specification,
data exist at the level at which the treatment occurs,
for instance hospitals or neighbourhoods. Variation
over time in the composition of confounders between
groups can confound effect estimates. To compensate
for this variation over time, group-level outcomes are
often adjusted prior to estimation, thereby mitigating
the effects of compositional change. On the individual
level, compositional differences are taken into account
by controlling for individual heterogeneity. Studies that
assessed the difference in observed covariates between
treatment and control groups before and after an inter-
vention were appraised as adhering to the critical condi-
tion of group composition.
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[ Identification of studies via other methods ]

Citation searching (n = 10)

Reports assessed for eligibility Reports excluded:

No policy evaluation (n = 2)
Evaluated policy is not
current policy (n=6)

No DD (n=1)

Y

[ Identification of studies via databases and registers
—
c .
Records identified from 2
2 databases (n = 1528) Duplicate records removed Recggss‘ﬁ‘:gl('g? ;;[;m'
g Medline (n = 664) before screening (n = 660)
1= Embase (n=543) >
3 Scopus (n=321
—
' | l
Records screened —»| Records excluded
(n=868) (n =805)
g Reports excluded (n=46
= Other type of policy (n = 43)
§ v - Insurance reform (n=20)
o - Smoking ban/ drug polic
£ Full text articles assessed for (n=T) ¢ Py v
eligibility I - Poverty alleviation
(n=63) program (n=7)
- Environmental impact (n=21)
evaluation (n=4)
- Immigration policy (n=3)
- Cowvid-19 mitigation
measures (n=1)
- Vaccine evaluation (n=1)
S No full text available (n = 2)
hd No policy evaluation (n=1)
T Studies included in review
= (n=19)
> Via databases (n = 17)
= Via other methods (n = 2)
Figure 1 Study selection flow diagram. DiD, difference-in-differences.
Spillover

Spillover occurs if the control group is affected by the
intervention, indicating at invalid DiD design. This crit-
ical condition can be assessed by testing whether the
control group experiences deviation from an existing
trend concurrent with the intervention. Studies that
conducted this analysis were considered to have adhered
to the critical condition of spillover. If there is no change
in outcomes in control groups during the period of the
intervention, this suggests no associated spillover effects.
Spillover effects may be important when policy in one
area affects neighbouring areas. In the event of spill-
over, choosing an alternative control group not subject
to spillover is recommended if multiple control groups
are available.! On a more aggregated level, for example
switching the unit of analysis from patients to hospitals
might be a solution, but it also changes the type of ques-
tion that one can answer with the analysis. Spillover can
be excluded through use of the Stable Unit of Treatment
Value Assumption (SUTVA), used by Rubin,?” Imbens®
and Lechner,12 an assumption in which units are unaf-
fected by treatment for other units.*

Patient and public involvement
Patients and the public are not involved in this study.

RESULTS
The initial search identified 1528 studies (figure 1). After
removal of duplicates (n=660), the titles and abstracts of 868

records were screened, resulting in 63 studies eligible for full
text assessment. Reference tracking and internet searches
identified 21 additional studies. On review of full-text records
of 84 studies, 65 studies were excluded. The main reason for
exclusion was evaluation of general types of policy interven-
tions (n=43), for example, insurance reforms, rather than
policy interventions specifically targeted at early life. Ult-
mately, 19 papers fulfilled our criteria and could be included
in this systematic review (figure 1). All papers were published
after 2010, and 14 studies were published just within the last
five years. US studies predominated (n=12), followed by
European studies (n=6) and a single Chilean study (n=1),
with included studies covering the following areas: early
childhood development (n=4), healthcare utilisation and
providers (n=4), nutrition programmes (n=3) and various
economic policies such as prenatal care expansion and family
leave (n=8) (online supplemental material S2, table 1). Some
studies covered similar initiatives: the State Children’s Health
Insurance Programme in the USA (n=2),”*” Revised Special
Supplemental Nutrition Programme for Women, Infants
and Children, also in the USA (n=3),° ** paid family leave
(n=2)""*" and the Salut Programme (n=2).%** Eight early-life
policy interventions were implemented at the state level in
the USA.

Critical conditions of DiD studies based on the checklist by
Ryan et al'!

Below we discuss whether included studies reported and
met each of the seven critical conditions.
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Data requirements

All included studies used data on both the preinterven-
tion and postintervention periods for the treatment and
control groups, with the exception of a study by Cygan-
Rehm and Karbownik.* Data on a separate control group
were lacking in this study, as the treatment group served
as its own control group for the corresponding weeks in a
distinct year prior to the intervention.

Parallel trends assumption

Of the 19 included studies, 11 explicitly addressed
parallel or preintervention trends.’ ' **7! #% Of these,
the methodology of parallel trends assessment was in line
with the proposed checklist method in nine studies. This
involved regressing outcomes on the interaction term
for the intervention and preintervention time trends,
and observing the effect of interaction term signifi-
cance® #3373 o1 by conducting an event study.” ** *°
Six other studies reported alternatives to assess parallel
trends that did not meet the criteria as proposed in the
checklist. Reported alternative methods included visual
inspection of preintervention trends only,*® reporting
preintervention differences in characteristics between the
treatment and control group,7 using an arbitrary interven-
tion date,* 1 conducting a placebo test at only one prein-
tervention time point19 and conducting a placebo test in
which the outcome was regressed in lagged months."
These methods were appraised as ‘~’. The remaining four
studies neither reported nor assessed parallel trends.

No-anticipation

The critical condition of no-anticipation was reported
and followed in two studies.”* * Cygan-Rehm and
Karbownik investigated this interaction term between the
outcome and the preintervention period when the policy
was announced but not yet implemented.* Meinhofer
et al inspected no-anticipation visually by depicted leads
and lags alongside parallel trends, thus confirming to
the checklist.”® The remaining studies did not explicitly
describe or assess no-anticipation.

Standard statistical assumptions

Clustered SEs were reported and applied in 11
studies.?7-29 31 34 36-38 4042 clustering level was various
at US state level] 27 236 38 40 county,42 municipality,41 local
authority37 or individual level.” ** One study used SEs
with two lags.31 The remaining eight studies did not apply
clustered SEs. None of the included studies used permu-
tation tests.

Common shocks

Ten studies discussed the potential influence of other
policy changes on the estimated effects.’ 7272931 34 56 5739
Six of these studies performed an additional analysis to
correct for common shocks,6 729343637 qich as a robust-
ness check that tested the findings against secondary
control variables.”® The remaining nine studies neither
reported nor conducted any additional analysis to correct
for common shocks.

Group composition

The composition of the treatment and control groups
before and after the intervention was explicitly reported
in eight studies.® #3342 Of these, six studies included
testing of the difference in observed covariates between
the treatment and control groups in both preinterven-
tion and postintervention periods, as proposed in the
checklist (appraised as ‘+’). Eight studies controlled for
changes in composition without initially checking compo-
sitional change,7 2730 35,36 39 4142 and are thus appraised
as ‘=’. The remaining five studies neither reported nor
assessed composition of treatment and control group.
Differential drop-out was not mentioned in any study.

Spillover

Two studies explicitly mentioned potential spillover
effects on older siblings, which may have impacted esti-
mated effects towards zero.”' 7 Neither of these studies
assessed whether the control group was affected by the
intervention as proposed in the checklist. Alternatively,
Cattan et al conducted an analysis excluding mothers with
more than one child to determine whether this influenced
their estimated effects.’” Pihl and Basso did not assess
potential spillover effects (both studies were appraised
as ‘). One study that only implicitly discussed spill-
over did assess this critical condition (and was appraised
as ‘+’).** A residential mobility scenario was discussed in
four studies, in which subjects might initially be exposed
to an intervention in the original intervention area, but
on relocation to the control area might be inadvertently
included in the control group as ‘never treated’.”* *=
However, these four studies did not explicitly report spill-
over or conduct an assessment for this critical conditions
(appraised as ‘-’). The remaining 13 studies neither
reported nor assessed spillover effects.

Overall, studies varied markedly in the number and
reporting of critical conditions (table 2), with no study
reporting and adhering to all seven critical conditions.
Three studies carried out appropriate assessment of
either five? *® or six critical conditions,Mall of which were
published in 2022. Eight studies that adhered to two or
less DID critical conditions” ' %233 % 394042 e re published
between 2014 and 2021. Details of how authors of the
included studies assessed and reported on critical condi-
tions are presented in online supplemental material S3,
table S2.

DISCUSSION

This systematic review appraised the reporting and meth-
odological quality of DiD studies evaluating early-life policy
interventions. Specifically, we assessed whether authors
considered the seven critical conditions of DiD and if
the studies met these critical conditions as proposed in
the checklist by Ryan et al'' Among the 19 included DiD
studies, we found wide variation in both reporting quality
and the number of critical conditions assessed, ranging
from only one up to six per paper. The parallel trends
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assumption was the most frequently reported (n=11) and
a majority of studies (n=9) assessed this critical condition
in accordance with the checklist. By contrast, other crit-
ical DiD conditions, such as no-anticipation and spillover,
were reported and assessed as proposed in the checklist
in only two studies and one study, respectively.

As many studies inadequately assessed essential DiD
critical conditions, our findings underline the pitfalls
involved when assessing reported outcomes of studies
using DiD to evaluate early-life policy interventions. None
of the included studies fully met all critical conditions of
DiD. Reviews of other quasi-experimental designs have
reported slightly better rates of fulfilment of all quality
appraisal criteria, for example, 12%-16% for regression
discontinuity designs. Nonetheless, reviews of studies
using other quasi-experimental designs have also stressed
the need for clarity concerning systematic reporting.** **
Our results reconfirm the finding that standardised termi-
nology and additional guidelines are crucial to improve
adherence to critical conditions of quasi-experimental
designs.

Our results also suggest that researchers applying
DiD may be unfamiliar with all of the critical conditions
pertaining to DiD. Consequently, the reliability of DiD
effect estimates may be suspect and could be impacted
by other confounding factors such as differential prein-
tervention trends, anticipation, etc.” This is concerning,
particularly because evaluations of early-life policy inter-
ventions influence policy when deciding on the implemen-
tation and upscaling of such interventions. Consequently,
while policymakers may assume that studies published in
peerreviewed journals adhere to state-of-the-art meth-
odologies, in fact important decisions may be based on
information garnered from studies that failed to fully
adhere to the critical conditions of DiD. At the moment, it
is unclear to what extent this had negative consequences
as we do not know how conclusions based on DiD evalu-
ations might have differed if studies had fully adhered to
the critical conditions of DiD.

As demonstrated by our findings, the included studies
showed substantial inconsistencies in terms of focus on
critical conditions of DiD. This might be explained by the
rapid and ongoing evolution of DiD methodology, which
poses challenges for all researchers. However, a recently
published synthesis on DiD advances is available that
offers concrete recommendations.'* These advances can
be broadly classified as modification of the DiD model
with two time periods, a treatment group and a control
group, which relax some critical conditions of the simpli-
fied DiD model such as variation in treatment timing.

This study had a number of strengths and limitations.
To the best of our knowledge, this is the first review to
assess adherence to critical conditions in DiD studies in
the field of early-life policies. Together with our compre-
hensive search for papers evaluating early-life policy inter-
ventions with DiD, the checklist described by Ryan et alwas
particularly useful for critical appraisal of the DiD anal-
ysis, as this checklist is the most comprehensive available

in the current literature. A synthesis on DiD by Roth et al
also included an alternative checklist that covered more
in-depth checks for specific conditions,'* for example,
parallel trends and treatment timing. However, we felt
that this checklist was limited in scope compared with the
checklist by Ryan et al. Nevertheless, the checklist by Ryan et
alhas certain caveats.'' The number of DiD critical condi-
tions in the checklist was not exhaustive and inclusion of
other critical conditions, for example SUTVA instead of
spillover, might have resulted in different conclusions.
Despite these concerns, we believe that key results of this
study would not have changed had the checklist focused
on related but different critical conditions. As the check-
list by Ryan et al does not apply any form of ranking to
critical conditions, another limitation may have been
our equal appraisal of all critical conditions,'' potentially
resulting in undervaluation or overvaluation if certain
critical conditions are actually more relevant than others.
We also excluded studies not published in English, which
may have omitted some relevant studies from the results.
Nonetheless, our findings align with other systematic
reviews that assessed adherence to the critical conditions
of quasi-experimental designs, and we therefore consider
our findings generalisable and relevant for researchers in
countries other than those covered in our review.

Future research

Integrating the critical conditions of DiD in a framework
that acknowledges the key sources of bias for each crit-
ical condition will contribute to better causal inference,
analogous to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) framework
for observational study designs.”” We recommend use of
the checklist by Ryan et alas a starting point from which to
develop a widely supported framework that will promote
critical appraisal of DiD studies, help guide researchers
and increase the transparency, replicability and credi-
bility of policy-relevant evaluations.'' The resulting check-
list could be further developed by the addition of tests
for critical conditions, for example, common shocks. To
date, interpretation of the overall quality of a study has
not benefitted from the use of a summative score for crit-
ical conditions.!! Indeed, some critical conditions seem
implicitly more relevant than others, such as the parallel
trends and data requirements, critical conditions that
many of the included studies in fact adhered to. The
checklist could be accordingly improved, for example
by implementing a hierarchy of relevance of critical
conditions or exclusion criteria if a critical condition is
violated. Additionally, uniform terminology within a DiD
framework might help mitigate errors due to misinterpre-
tation. As mentioned earlier, the Ryan et al checklist is not
exhaustive, as a range of additional robustness and sensi-
tivity checks exist. New methodological extensions of DiD
are under development and specifications of DiD study
designs can also be added, for example, synthetic control
method, staggered treatment timing and heterogeneous
treatment effects.'* *°
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Future research concerning the evaluations of early-life
policy interventions, as well as other health policy inter-
ventions that apply DiD methods, could directly benefit
from transdisciplinary collaboration. For example,
numerous DiD designs have been further developed in
econometrics,14 but to date the uptake of these method-
ological extensions is limited in other research fields that
also increasingly apply DiD. Transdisciplinary collabora-
tion may help bridge the gap between the methodologi-
cally refined DiD techniques found in econometrics and
the empirical perspective of policymakers and providers
of health policy evaluations.

Conclusions

DiD is increasingly applied to evaluate a broad range of
early-life policy interventions, currently one of the most
significant areas of improvement in health and social
development. High-quality evaluations are therefore
crucial for evidence-based policy-making concerning this
critical period in life. This study revealed substantial varia-
tion in the current methodological quality of DiD studies
on early-life policy interventions, with wide differences
between studies as regards reporting and adherence to
the proposed critical conditions of DiD. The fact that
none of the included studies fully reported or adhered to
the seven proposed criteria, is concerning as the validity
of study conclusions depends on the extent to which
critical conditions are met. To address this, we propose
that a formal framework should be developed to facilitate
unambiguous terminology and to assign a hierarchy of
importance to critical conditions. Availability, acceptance
and use of this type of DiD framework would undoubtedly
contribute to improvements in the reporting and meth-
odological quality of studies evaluating early-life policy
interventions and result in improved policy decisions
based on reliable evidence.

X Eline de Vries @eline_f
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