
Evaluating Public Health Interventions:
2. Stepping Up to Routine Public Health
Evaluation With the Stepped Wedge Design

In a steppedwedgedesign (SWD),
an intervention is rolled out in
a staggeredmanner over time, in
groups of experimental units, so
that by the end, all units expe-
rience the intervention. For ex-
ample, in the MaxART study, the
date at which to offer universal
antiretroviral therapy to other-
wise ineligible clients is being
randomlyassigned innine “steps”
of four months duration so that
after three years, all 14 facilities
innorthernandcentral Swaziland
will be offering early treatment.

Inthecommonalternative, the
cluster randomized trial (CRT),
experimental units are randomly
allocated on a single common
start date to the interventions to
be compared. Often, the SWD is
more feasible than the CRT, both
for practical and ethical reasons,
but takes longer tocomplete.The
SWD permits both within- and
between-unit comparisons,while
theCRTonly allowsbetween-unit
comparisons. Thus, confounding
biaswithrespecttotime-invariant
factors tends to be lower in an
SWD than a CRT, but the SWD
cannot as readily control for
confounding by time-varying
factors. SWDs have generally
morestatisticalpowerthanCRTs,
especially as the intraunit corre-
lation and the number of partic-
ipants within unit increases.

Software for both designs
are available, although for a
more limited set of SWD sce-
narios. (AmJPublicHealth.2016;
106:453–457. doi:10.2105/
AJPH.2016.303068)

Donna Spiegelman, ScD

This is my second commen-
tary for the section, “AJPH

Evaluating Public Health In-
terventions,” which addresses
critical methodological issues that
arise in the course of evaluating
public health interventions. In
the first commentary,1 I defined
implementation science, impact
evaluation, program evaluation,
and cost-effectiveness research,
and argued that from a methodo-
logical perspective, these various
disciplines largely overlap. In
this commentary, I will launch
a discussion of best practices for
the design of studies for this
overlapping set of disciplines,
including some new and not-so-
new developments. I start with
the stepped wedge design
(SWD), because of the promise of
this largely underutilized ap-
proach to greatly expand causal
evaluations of public health in-
terventions in the routine course
of rolling them out.2,3 In fact,
a well-written summary of this
topic has appeared previously in
AJPH, with the major difference
being the nomenclature.4 In this
earlier article, the SWD was
called the multiple baseline de-
sign (MBD). So readers, please
note: SWD=MBD, and if you
already understand the advan-
tages and disadvantages of the
MBD, as well as how to ade-
quately power studies utilizing
this design, you need to read no
further.

For the rest, let’s start with the
fundamental question:What is an
SWD? It is a design in which an

intervention is rolled out in
a staggered manner over time, in
groups of experimental units, so
that as time goes on, more and
more units experience the in-
tervention. By the end, all units
experience the intervention. In
a randomized SWD, the time at
which each unit begins to receive
the intervention is randomly
assigned. In the observational
version, the intervention start
time for each facility is not
randomized.

EXAMPLES
Since I learn best from the

specific to the general and I
imagine many of you do as well,
that is, loosely speaking, in-
ductively, I’ll give two examples
from my current work. First,
with the Swaziland Ministry of
Health in partnership with the
MaxART Consortium, we are
using an SWD to evaluate the
impact of offering antiretroviral
therapy (ART) regardless of
CD4 count or disease stage to all
HIV-positive clients among the
14 health facilities serving
northern and central Swaziland
(MaxART). After an initial
four-month period of observa-
tion, the date at which universal

ART access would be offered to
new and returning pre-ART
patients was randomly assigned
to the 14 facilities in nine “steps”
of four months duration. By
the end of the three-year study
period, all 14 facilities will be
offering early ART access.
(Figure 1). Within the context
of a growing body of evidence
worldwide that early access to
ART promotes healthier and
longer living for people with
HIV, while at the same time
reducing HIV transmission
rates,5,6 questions remain about
the feasibility of early access in
resource limited settings, its
impact on sicker patients already
initiated to ART, and its ac-
ceptability to early stage patients
yet to experience the adverse
effects of their disease. Thus,
in the context of Swaziland’s
position as a country with one
of the world’s highest HIV
prevalence rates (31%),7 the
SWD emerged as an attractive
evaluative tool to study the
“real-world” implementation
questions that the Swaziland
Ministry of Health was facing,
with sound ethical implications.

Another project I am cur-
rently working on, together
with colleagues, involves the
assessment of postpartum
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intrauterine device (IUD) in-
sertion as a safe, acceptable, and
effective means to prevent un-
intended pregnancy closely fol-
lowing a current birth. Recently
launched in Sri Lanka, Nepal,
and Tanzania in collaboration
with the International Federa-
tion of Gynecology and Ob-
stetrics, after a three-month
baseline period of observation,
three randomly assigned facilities
will start the postpartum IUD
program, whichwill run for nine
months. Six months after the
first three facilities start, the
second three facilities will start,
with the program running for
three months at these facilities,
so that nine months after the
study has begun, the program
will be in place everywhere. As
in MaxART above, although
there is substantial evidence that
postpartum IUD insertion will
reduce unintended pregnancy,
questions remain about the
safety, acceptability, and sus-
tainability of this intervention in
low- and middle-income
countries where uptake is cur-
rently quite low. In 2013, 14% of
married or in-union women
aged 15 to 49 years were using
IUDs, but only 1% in the least

developed countries and 0.7% in
sub-Saharan Africa.8 Although
the Ministry of Health in each
country was eager to begin of-
fering the program, they did
agree to the staggered roll-out,
both for practical reasons and to
make it possible to obtain a rig-
orous evaluation of the pro-
gram’s effectiveness.

STEPPED WEDGE
DESIGN

In an SWD design, there is an
initial baseline period of ob-
servation in which no experi-
mental unit experiences the
intervention. Usually, the time
at which the intervention begins
at each unit is randomized, im-
parting causal rigor by design,
although observational versions
of this design can be considered as
well, for which causal inference
can be facilitated at the analysis
stage. The SWD is a special case
of a cluster randomized design
because the experimental units
are typically facilities, practices,
villages or neighborhoods,
which contain a common or
varying number of participants.

Outcomes can be continuous,
binary or of survival form, and
can also be of a repeated con-
tinuous or binary nature.

The first publication using this
design was a trial in Gambia
looking at the effectiveness of
a childhood vaccination program
against hepatitis B to prevent the
incidence of chronic liver disease
and hepatocellular carcinoma,
phasing in the program in
three-month steps over a four-
year period for a total of 16 steps
across the 17 regions of the
country covering 1.2 million
children in total.9 Another of the
largest and most well known
examples of the use of this design
was in the evaluation of former
Harvard School of Public
Health’s Dean Julio Frenk’s
PROGRESA (Programa de Edu-
cación, Salud, y Alimentación)
program, later renamed Oportu-
nidades, launched when Frenk
served as Minister of Health for
Mexico. PROGRESA/Oportu-
nidades was a conditional cash
transfer program targeting the
country’s poorest families, pro-
viding them with financial
incentives for uptake of
recommended public health
and nutrition practices and for

keeping children in school. In-
centives were contingent on
regular attendance at health
clinics that supplied these essen-
tial health and nutrition services.
PROGRESA was evaluated
through a staggered roll-out of
these policies among 495 com-
munities, 314 of whom were
randomized to program initiation
in the first two years and the
remaining 181 communities
were initiated in the program’s
third year.10 This is an example of
the simplest version of an SWD,
with only three steps: baseline,
the first two-year intervention
period, and then, the second
intervention period. The post-
partum IUD project I described
above also has this three-step
design.

These are but a few examples
of SWDs in practice. A citation
search on the seminal 2007
Hussey and Hughes paper on
SWD design and analysis11 or
the term “stepped wedge”
brought up around 300 relevant
publications between 2003 to
the present, of which a small
fraction were methodological in
nature, the remainder exempli-
fying applications of the design
in a wide range of public health
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FIGURE 1—MaxART Stepped Wedge Design, Swaziland

AJPH METHODS

454 Commentary Peer Reviewed Spiegelman AJPH March 2016, Vol 106, No. 3



settings, including occupational
health, HIV/AIDS care and
treatment, chronic disease
screening, gerontology, sub-
stance abuse treatment, obesity
prevention and mitigation, and
many more.

STEPPED WEDGE
DESIGN VS CLUSTER
RANDOMIZED TRIAL

In my experience, an SWD is
considered as a possible alternative
to a parallel group” cluster ran-
domized trial (CRT), where
clusters are randomized to in-
tervention or control on a single
common start date. Table 1 pro-
vides a schematic illustration
contrasting these two options. In
both situations, the treatment is, or
can be, balanced so that the same
number of clusters and participants
receive intervention and its com-
parator. The choice between these
two options is driven by consid-
erations of feasibility, validity, and
power. I will next consider the
advantages and disadvantages of
these two designs with respect to
each of these features.

Feasibility
SWDs are often the only

option for including a random-
ized component in a public
health evaluation, implementa-
tion science projects, pragmatic
trials, program evaluations, and
impact evaluations, for political,
ethical or practical reasons, or
some combination thereof. Po-
litically, it is often the case that the
entity hosting the evaluation,
henceforth called the “host,”
cannot or will not permit any
other version of randomization.
(By host, I mean those re-
sponsible for implementing the
intervention and its evaluation, to
be distinguished from the funder,
although in some cases, and

hopefully as time goes on more
so, they are the same. For ex-
ample, the hosts of MaxART are
the Swazi Ministry of Health and
clinical staff at the 14 facilities at
which the evaluation is taking
place, while the funder is the
Dutch Postal Code Lottery and
other funding consortium
members.) Politically, randomi-
zation and experimentation on
human participants is unaccept-
able in many programmatic
settings, and politicians and
policymakers do not wish to
expend political capital advocat-
ing for such, in what may well be
a losing battle in the end. In
Oportunidades, hosts needed to be
persuaded even to allow the
SWD roll-out. Somewhat re-
lated to the political reasons, once
an intervention has advanced
beyond the evaluation of its ef-
ficacy to an evaluation of its ef-
fectiveness, ethicists may argue
that the evidence is beyond that
which can reasonably be con-
sidered to be in equipoise, and
standard randomization methods
may no longer be acceptable.
On the other hand, it can rea-
sonably be argued that although
efficacy has been “proven,” ef-
fectiveness is still in equipoise,
thus justifying randomization
by either the SWD or CRT

approach. There are many ex-
amples where efficacious in-
terventions have been found to
be ineffective, providing strong
support for this ethical argu-
ment.12,13 In any event, if ethics
are at all in question, the SWD
clearly dominates, since the in-
tervention will be put in place
at all facilities by the end of the
study.

There are practical reasons
why an SWD is desirable: simply
put, program implementers
are not able to roll out an in-
tervention of interest at the same
time in multiple locations. Thus,
the CRT, even if preferred for
other reasons, is often infeasible.
Adding an element of randomi-
zation to the timing of roll-out,
that is, implementing a SWD,
may often add little complexity
to the overall program roll-out,
yet greatly strengthen the validity
of the causal inference to be
obtained subsequently in the
evaluation. On the other hand,
an important advantage of the
CRT is underscored by Table 1:
the CRT enrollment period is
completed in 1=J th the time it
takes to complete the SWD
evaluation,where J is the number
of step times (the columns in
Table 1).Note that this schematic
illustrates the enrollment plan, not

the follow-up plan. The duration
of participant follow-up for
ascertaining outcomes needs to
be added to the duration of the
enrollment period to obtain the
total study time. The feasibility of
SWDs is discussed in further
detail in a recent article that, in-
terestingly, took a qualitative
research approach to its in-
vestigation, interviewing practi-
tioners from low-, middle-, and
high-income countries engaged
in SWD-based research.14

Validity
Although both CRTs and

SWDs use randomization to
control for confounding, thereby
allowing valid causal inferences
to be made, they each have some
limitations from a causal in-
ference perspective. To consider
the relative validity advantages
and disadvantages of these two
options, we need to assess their
potential for bias attributable
to confounding. In a cluster-
randomized design, randomiza-
tion guarantees on average—that
is, over infinite replications of the
same study, no bias. Under the
null, when there is no in-
tervention effect, the P value of
the test of no intervention effect
on the outcome expresses the

TABLE1—EnrollmentandRandomizationPlansforaHypotheticalClusterRandomizedTrial (CRT)andStepped
Wedge Design With the Same Number of Clusters and Same Proportion Randomized to the Intervention

CRT Stepped Wedge Design

Cluster Time Time Time Time Time Time

1 1 1 2 3 4 5

2 x o x x x x

3 x o x x x x

4 x o o x x x

5 x o o x x x

6 o o o o x x

7 o o o o x x

8 o o o o o x

9 o o o o o x

AJPH METHODS

March 2016, Vol 106, No. 3 AJPH Spiegelman Peer Reviewed Commentary 455



probability, exactly or approxi-
mately depending on the statis-
tical test used, that the observed
imbalance in the outcome dis-
tribution between the two arms
or anything more extreme could
have occurred by chance when
there is no intervention effect.
Randomization is truly useful
with regard to hypothesis testing.
However, as shown in the box on
this page, randomization does not
guarantee unbiasedness of the
effect estimate or its confidence
intervals in any given study.

SWDs are also susceptible to
these residual imbalances, as they,
too, will typically include a simi-
larly small number of clusters.
However, this design has a major
important advantage—the stag-
gered roll-out allows for within-
cluster comparisons of in-
tervention effects across time, as
well as time-specific between-
cluster comparisons. When out-
comes rates do not vary by
calendar time over the duration
of the study, the within-cluster
comparisons will provide causal
estimates of the intervention ef-
fect. In studies of relatively short
duration, that assumption is likely
to be met for all practical pur-
poses, but in studies of longer
duration, the assumption will be
less tenable and the between-
cluster comparisons become
very important to examine as

well, since those are controlled
for confounding by time as well
as randomized to provide bal-
ance, on average, over infinite
replications of the same trial.
By contrast, although as shown
in the box on this page, the
CRT can be plagued with re-
sidual confounding for effect
estimation despite randomiza-
tion, it controls completely, by
design, for confounding attrib-
utable to time. SWDs are ideally
suited for short-term outcomes
and point exposures, in which
case, control for confounding by
time is likely unnecessary. These
points have implications for
analysis, to which we will return
to in a later column.

Efficiency
If one design is invalid or in-

feasible for reasons discussed
above, it is inadvisable to consider
it any further. Otherwise, once
feasibility and validity of both
designs is established, we can next
consider relative efficiency. Al-
though there is a very large body
of work on efficient design of
CRTs, covered in great detail in
three books,18–20 and a number
of publications on methodology
for efficient SWDs,3,11,21 there
are only a few published com-
parisons of the relative efficiency
of SWDs and CRTs. The most

recent work concludes that, for
studies in which the outcome is
a single continuous variable, al-
though this could easily be
adapted to include a change
score, that is, a within-subject
before-after difference, the rela-
tive efficiency of the two designs
varies most strongly as a function
of the intracluster correlation
coefficient (ICC) and the num-
ber of participants within each
cluster. The ICC measures the
extent to which the outcome
varies between clusters, pre-
sumably because of unmeasured
risk factors. When the ICC is
small—that is, when, in the
absence of the intervention,
the outcome is similar across
clusters—the CRT tends to be
more efficient; when the ICC is
large, the SWD tends to be more
efficient. The power of the
CRT decreases dramatically as
a function of the ICC, and after
a certain value, the CRT be-
comes infeasible because of the
drastic sample size requirements.
The power advantages of the
SWD increase as the number of
steps increase, and, in general,
CRT power improves faster with
increasing number of clusters,
while the SWD power increases
faster with increasing number of
participants within clusters. The
extent to which the results for
SWDswith continuous endpoints

apply to studies with binary out-
comes, as is typically the case in
much public health research, or
survival endpoints, is unknown.
In addition, the extent to which
these results are altered by a vary-
ing number of participants within
clusters, known to dramatically
reduce power in CRTs22,23 and
a common feature of many eval-
uative settings, has not yet been
explored. These results all assume
the existence of a time effect; the
relative advantages of the two
approaches have not yet been
studied when a time effect can be
reasonably be ignored.

SOFTWARE
Some of these topics are active

areas of work inmy own group at
Harvard. Software for CRTs is
readily available24,25 and, in my
experience, easy-to-use.Hughes’
free, easy to use Excel spreadsheet
and R package can be down-
loaded for SWDwith continuous
and binary endpoints.26 Please
note that in Hughes’ spread-
sheets, n is the number of ob-
servations per time step per
cluster, that is, the spreadsheet
cell count, not the total num-
ber of observations per time step
as it is labeled in the spreadsheet,
that is, not the spreadsheet
column total. In addition, the

CONFOUNDING CAN COMMONLY OCCUR IN CLUSTER RANDOMIZED TRIALS DESPITE RANDOMIZATION
To illustratewhy randomization does not guarantee unbiasedness of the effect estimate or its confidence intervals in any given study, let’s

take a look at theMwanza Trial of Sexually Transmitted Disease Treatment of HIV Prevention,15–17 discussed in Hayes andMoulton’s book on

cluster randomized trials.18 This study cluster-randomized 12 rural Tanzanian communities to a sexually transmitted disease prevention

intervention or standard of care,matching the communities by expectedHIV prevalence rates ranging from1.6% to 8.6%.There are 12 choose

6, equal to 924 unique ways to assign 6 of 12 communities to the intervention and 6 to control, and these can be enumerated through

combinatorial analysis. I thus calculated that, assuming the range of baseline HIV rates observed in these study communities, “bad luck”

randomizations leading to a relative risk of 1.1 or greater, or 0.9 or less, would occur, on average, 73.4% of the time, and “bad luck”

randomizations leading to a relative risk of 1.2 or greater or 0.8 or less would occur 50.5% of the time. For example, with a probability 1 in 924

(~0.1%), the communities with the 6 highest HIV prevalence rates would be randomly assigned to the control and the communities with the

6 lowest to the intervention. In this case, given the observed rates (Table 5.1 in Hayes and Moulton18), the effect estimate would be 0.5 on

the relative risk scale, suggesting a strongly beneficial intervention when there may not be one at all.
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Hughes’ materials parameterize
between-cluster variation by the
between-cluster coefficient of
variation, following,18 rather
than by the ICC, as in,19 a for-
mulation I find more intuitive. It
is easy to prove that, for binary
endpoints,

ð1Þ ICC � m2k0
m2 � 1ð Þk0 þ 1

;

where k0 is the average baseline
rate in the control group and m is
the between-cluster coefficient
of variation (i.e., the square root
of the between-cluster variance
divided by the average baseline
rate).

CONCLUSIONS
In conclusion, the SWD has

improved validity over an ob-
servational evaluation of a public
health intervention, although
even the latter is substantially
better than no evaluation at all.
When a small number of clusters
are available, as is often the case,
the SWD may be the only fea-
sible option for randomized
evaluation. Its major disadvan-
tage compared with a CRT is its
considerably longer duration.
Ethical advantages are perceived
by implementers and the design
often matches the natural
schedule of program roll-outs. I
encourage public health practi-
tioners to incorporate an SWD in
the roll-out of new programs and
interventions, to enhance the
causal rigor of subsequent
evaluations.

ACKNOWLEDGMENTS
This work was supported by the National
Institutes ofHealth (grantDP1ES025459).

REFERENCES
1. Spiegelman D. Evaluating public health
interventions: 1. examples, definitions,
and a personal note. Am J Public Health.
2016;106(1):70–73.

2. Mdege ND, Man MS, Taylor Nee
Brown CA, Torgerson DJ. Systematic
review of stepped wedge cluster ran-
domized trials shows that design is par-
ticularly used to evaluate interventions
during routine implementation. J Clin
Epidemiol. 2011;64(9):936–948.

3. Woertman W, de Hoop E, Moerbeek
M, Zuidema SU, Gerritsen DL, Teerenstra
S. Stepped wedge designs could reduce
the required sample size in cluster ran-
domized trials. J Clin Epidemiol. 2013;
66(7):752–758.

4. Rhoda DA, Murray DM, Andridge
RR, Pennell ML, Hade EM. Studies with
staggered starts: multiple baseline designs
and group-randomized trials. Am J Public
Health. 2011;101:2164–2169.

5. HIV-CAUSAL Collaboration, Ray M,
Logan R, et al. The effect of combined
antiretroviral therapy on the overall
mortality of HIV-infected individuals.
AIDS. 2010;24(1):123–137.

6. Cohen MS, Chen YQ, McCauley M,
et al. Prevention of HIV-1 infection with
early antiretroviral therapy. N Engl J Med.
2011;365(6):493–50.

7. Bicego GT, Nkambule R, Peterson I,
et al. Recent patterns in population-based
HIV prevalence in Swaziland. PLoS One.
2013;8(10):e77101.

8.World Contraceptive Patterns. New York,
NY:UnitedNations Population Division;
2013.

9. The Gambia Hepatitis Intervention
Study. The Gambia Hepatitis Study
Group. Cancer Res. 1987;47:5782–5787.

10. Schultz TP. School subsidies for the
poor: evaluating the Mexican Progresa
poverty program. J Dev Econ. 2004;74:
199–250.

11. Hussey MA, Hughes JP. Design and
analysis of stepped wedge cluster ran-
domized trials. Contemp Clin Trials. 2007;
28:182–191.

12. Eichler H-G, Abadie E, Breckenridge
A, et al. Bridging the efficacy–effectiveness
gap: a regulator’s perspective on addressing
variability of drug response. Nat Rev
Drug Discov. 2011;10(7):495–506.

13. Glasgow RE, Lichtenstein E, Marcus
AC.Why don’t we seemore translation of
health promotion research to practice?
Rethinking the efficacy-to-effectiveness
transition. Am J Public Health. 2003;93(8):
1261–1267.

14. Prost A, Binik A, Abubakar I, et al.
Logistic, ethical, and political dimensions
of stepped wedge trials: critical review and
case studies. Trials. 2015;16:351.

15. Grosskurth H, Mosha F, Todd J, et al.
Impact of improved treatment of sexually
transmitted diseases on HIV infection in
rural Tanzania: randomised controlled
trial. Lancet. 1995;346(8974):530–536.

16. Grosskurth H, Mosha F, Todd J, et al.
A community trial of the impact of

improved sexually transmitted disease
treatment on the HIV epidemic in rural
Tanzania: 2. Baseline survey results.AIDS.
1995;9(8):927–934.

17. Hayes R, Mosha F, Nicoll A, et al. A
community trial of the impact of im-
proved sexually transmitted disease treat-
ment on the HIV epidemic in rural
Tanzania: 1. Design. AIDS. 1995;9(8):
919–926.

18. Hayes RJ, Moulton LH. Cluster
Randomised Trials. Boca Raton, FL:
Chapman and Hall/CRC Press; 2009.

19. Donner A, Klar N.Design and Analysis
of Cluster Randomization Trials in Health
Research. London, UK: Arnold; 2000.

20. Murray DM. Design and Analysis of
Group-Randomized Trials. London, UK:
Oxford University Press; 1998.

21. Hemming K, Taljaard M. Sample size
calculations for stepped wedge and cluster
randomised trials: a unified approach. J
Clin Epidemiol. 2016;69:137–146.

22. Eldridge SM, Ashby D, Kerry S.
Sample size for cluster randomized trials:
effect of coefficient of variation of cluster
size and analysis method. Int J Epidemiol.
2006;35(5):1292–1300.

23. You Z, Williams OD, Aban I,
Kabagambe EK, Tiwari HK, Cutter G.
Relative efficiency and sample size for
cluster randomized trials with variable
cluster sizes. Clin Trials. 2011;8(1):27–36.

24. Spiegelman D, Basagana X.
OPTITXS.r, 2011.

25. NCSS. PASS, Power Analysis and
Sample Size. Kaysville, UT; 2008.

26. Hughes JP. Excel spreadsheet for SW
power calculations (proportions), excel
spreadsheet for SW power calculations
(means). Available at: http://faculty.
washington.edu/jphughes/pubs.html.
Accessed January 15, 2016.

AJPH METHODS

March 2016, Vol 106, No. 3 AJPH Spiegelman Peer Reviewed Commentary 457

http://faculty.washington.edu/jphughes/pubs.html
http://faculty.washington.edu/jphughes/pubs.html

