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Clinical decisions are often driven by 
decision rules premised around 
specific thresholds. Specific 
laboratory measurements, dates, or 
policy eligibility criteria create cut-offs 
at which people become eligible for 
certain treatments or health services. 
The regression discontinuity design is 
a statistical approach that utilizes 
threshold based decision making to 
derive compelling causal estimates of 
different interventions. In this review, 
we argue that regression discontinuity 
is underutilized in healthcare research 
despite the ubiquity of threshold 
based decision making as well as the 
design’s simplicity and transparency. 
Moreover, regression discontinuity 
provides evidence of “real world” 
therapeutic and policy effects, 
circumventing a major limitation of 
randomized controlled trials. We 
discuss the implementation, 
strengths, and weaknesses of 
regression discontinuity and review 
several examples from clinical 
medicine, public health, and health 
policy. We conclude by discussing the 
wide array of open research questions 
for which regression discontinuity 
stands to provide meaningful insights 
to clinicians and policymakers.

Randomized controlled trials have long considered the 
ideal means of assessing causal relations in medicine 
and health policy. However, not all clinical or policy 
questions can effectively be approached with experi-
mental methods, owing to financial or ethical con-
straints or concerns about real world generalizability. 
As a result, investigators have increasingly relied on 
quasi-experimental study designs.1 2

The regression discontinuity design is one such 
 quasi-experimental method. Regression discontinuity 
takes advantage of clinical or policy decision rules in 
which people are differentially assigned to a treatment 
or intervention if they fall above or below an arbitrary 
cut-off for a continuous variable.3 4  Such situations 
abound in healthcare. For example, decisions to initiate 
antihypertensive treatment, transfuse blood products, 
or screen for colorectal cancer are often driven by deci-
sion rules premised on specific thresholds (some of 
which are controversial and in need of evaluation).5 6 
Similarly, eligibility for public sector health insurance 
in the United States is contingent on specific age and/or 
income based cut-offs.

Though both the ubiquity of clinical and policy deci-
sion rules and the high degree of internal validity of 
regression discontinuity makes the method “tai-
lor-made” for healthcare research, it has been 
underutilized.4 In addition to a lack of familiarity with 
regression discontinuity, underutilization may be 
driven by an unclear sense of the kinds of questions to 
which regression discontinuity may be applied as well 
as the types of cut-offs that can be exploited for causal 
inference.

In this article, we describe regression discontinuity 
and its strengths and weaknesses and characterize the 
diversity of research questions to which this design 
applies (in the domains of clinical medicine, public 
health and prevention, and health policy) and the 
numerous types of thresholds and decision rules that 
can be employed. Our goal is to inspire investigators to 
assess more habitually, whether a regression disconti-
nuity approach can strengthen the causal likelihood of 
an observed empirical association by illustrating the 
versatility of the method in answering a wide array of 
research questions in clinical and health policy 
research.

Treatment assignment and analysis
Assignment to treatment by an arbitrary cut-off in 
regression discontinuity can either be “sharp” or be 
“fuzzy.”3 4 7-9  In sharp regression discontinuity, the 
probability of receiving treatment jumps determinis-
tically from 0 to 1 at the cut-off. All people on one 
side of the cut-off receive treatment and those on the 
other side  not. The treatment effect in the sharp 
regression discontinuity is estimated by comparing 
outcomes for those “just above” the cut-off to those 

SUMMARY POINTS
Treatment decisions and interventions are often based on specific measurement, 
laboratory, timing, or eligibility cut-offs
The regression discontinuity design is a statistical approach that utilizes threshold 
based decision making to estimate causal estimates of different interventions
Regression discontinuity is relatively simple to implement, transparent, and 
provides “real world” effects of treatments and policies
Despite the ubiquity of threshold based decision making in healthcare, regression 
discontinuity is underutilized
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Changes in Racial and Ethnic Disparities in Access to Care
and Health Among US Adults at Age 65 Years
Jacob Wallace, PhD; Karen Jiang, BA; Paul Goldsmith-Pinkham, PhD; Zirui Song, MD, PhD

IMPORTANCE Medicare provides nearly universal health insurance to individuals at age 65
years. How eligibility for Medicare affects racial and ethnic disparities in access to care and
health is poorly understood.

OBJECTIVE To assess the association of Medicare with racial and ethnic disparities in access to
care and health.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study uses regression discontinuity
to compare racial and ethnic disparities before and after age 65 years, the age at which US
adults are eligible for Medicare. There are a total of 2 434 320 respondents in the Behavioral
Risk Factor Surveillance System and 44 587 state-age-year observations in the US Centers for
Disease Control and Prevention Wide-Ranging Online Data for Epidemiologic Research Data
(eg, the mortality rate for individuals age 63 years in New York in 2017) from January 2008 to
December 2018. The data were analyzed between February and May 2021.

EXPOSURES Eligibility for Medicare at age 65 years.

MAIN OUTCOMES AND MEASURES Proportions of respondents with health insurance, as well as
self-reported health and mortality. To examine access, whether respondents had a usual
source of care, encountered cost-related barriers to care, or received influenza vaccines was
assessed.

RESULTS Of 2 434 320 participants, 192 346 were Black individuals, 104 294 were Hispanic
individuals, and 892 177 were men. Immediately after age 65 years, insurance coverage
increased more for Black respondents (from 86.3% to 95.8% or 9.5 percentage points; 95%
CI, 7.6-11.4) and Hispanic respondents (from 77.4% to 91.3% or 13.9 percentage points; 95%
CI, 12.0-15.8) than White respondents (from 92.0% to 98.5% or 6.5 percentage points; 95%
CI, 6.1-7.0). This was associated with a 53% reduction compared with the size of the disparity
between White and Black individuals before age 65 years (5.7% to 2.7% or 3.0 percentage
points; 95% CI, 0.9-5.1; P = .003) and a 51% reduction compared with the size of the disparity
between White and Hispanic individuals before age 65 years (14.6% to 7.2% or 7.4 percentage
points; 95% CI, 5.3-9.5; P < .001). Medicare eligibility was associated with narrowed
disparities between White and Hispanic individuals in access to care, lowering disparities in
access to a usual source of care from 10.5% to 7.5% (P = .05), cost-related barriers to care
from 11.4% to 6.9% (P < .001), and influenza vaccination rates from 8.1% to 3.3% (P = .01).
For disparities between White and Black individuals, access to a usual source of care before
and after age 65 years was not significantly different: 1.2% to 0.0% (P = .24), cost-related
barriers to care from 5.8% to 4.3% (P = .22), and influenza vaccinations from 11.0% to 10.3%
(P = .60). The share of people in poor self-reported health decreased by 3.8 percentage
points for Hispanic respondents, 2.6 percentage points for Black respondents, and 0.2
percentage points for White respondents. Mortality-related disparities at age 65 years were
unchanged. Medicare’s association with reduced disparities largely persisted after the US
Affordable Care Act took effect in 2014.

CONCLUSIONS AND RELEVANCE In this cross-sectional study that uses a regression
discontinuity design, eligibility for Medicare at age 65 years was associated with marked
reductions in racial and ethnic disparities in insurance coverage, access to care, and
self-reported health.

JAMA Intern Med. doi:10.1001/jamainternmed.2021.3922
Published online July 26, 2021.
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Regression discontinuity design (RDD)

• A statistical approach that utilizes threshold based 
decision making to derive compelling causal estimates of 
different interventions 

• Quasi-experimental method 

• Takes advantage of clinical or policy decision rules in 
which people are differentially assigned to a treatment or 
intervention if they fall above or below an arbitrary cut-off 
for a continuous variable
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“just below” it. Statistically, this involves either fit-
ting models where the outcome is regressed on a 
binary indicator denoting being above or below the 
assignment threshold and a linear or polynomial for 
the underlying assignment variable, or using 
non-parametric methods to compare outcomes on 
either side of the threshold within an optimally 
selected bandwidth.3 10

In contrast, in fuzzy regression discontinuity, the 
probability of treatment increases at the cut-off but 
is not deterministic—that is, some people on both 
sides of the cut-off still receive treatment, though the 
probability of treatment increases at the cut-off. The 
fuzzy design thus allows for crossover into or out of 
treatment (relative to the treatment decision implied 
by assignment based on threshold) and/or non-ad-
herence. This design is thus more germane to the 
bulk of clinical and policy questions in the sphere of 
healthcare, where additional considerations 
(beyond one’s position relative to a specific cut-off) 
often contribute to decision making about treat-
ment, uptake of treatment or programs, and adher-
ence. Similar methods to analyzing sharp regression 
discontinuity can be applied to fuzzy regression dis-
continuity. However, because treatment is not deter-
ministic, the comparison captures the effect of 
assignment to treatment by the threshold rule—not 
receiving the treatment itself. Instrumental variable 
methods can then be used to assess the effect of 
treatment among compliers.4 9  Several recent 
reviews have described the statistical and practical 
issues around conducting regression discontinuity 
studies in the area of health.4 7 8

Figure 1  illustrates treatment assignment in fuzzy 
regression discontinuity using real clinical data on the 
initiation of HIV treatment in South Africa.7 At the 
time the data were collected, guidelines recommended 
treatment for all people with initial CD4 counts of less 
than 200 cells/mm3. As the illustration shows, the 
 probability of receiving treatment was noticeably 
higher for patients presenting for care with CD4 counts 
below this threshold. However, several people below 
the threshold did not receive treatment and several 
above the threshold did. The presence of such “cross-
over” highlights the importance of clinical attrition 
before initiation of treatment, other indications for 
treatment regardless of CD4 count, and patient and 
provider preferences in motivating treatment choice in 
many clinical settings.

Strengths and limitations
The main strength of regression discontinuity is that it 
provides a transparent method to estimate causal 
effects of treatments or policies, particularly when 
randomized controlled trials are not possible. Causal 
inference comes from the assumption that, aside from 
differential use of treatment, those on either side—yet 
close to the cut-off—are otherwise similar. Put 
 differently, whether someone lies immediately above 
or immediately below a cut-off is considered effec-
tively random, leading to quasi-random treatment 

assignment for those close to the threshold. The valid-
ity of this randomization assumption can be evaluated 
as in a clinical trial by showing that patients on either 
side of the threshold have comparable characteristics. 
Other strengths of regression discontinuity are that 
non-random attrition and crossover, which create dif-
ficulties in randomized trials, can either be avoided or 
be easily incorporated into the design to support 
causal inference. Moreover, regression discontinuity 
studies may better reflect “real world” effects of treat-
ments and policies, as they incorporate important 
behavioral phenomena such as poor adherence and 
loss to follow up, which randomized controlled trials 
seek to minimize.

Limitations of regression discontinuity include 
concerns around external validity, particularly as the 
estimates are only interpretable as causal effects for 
those near the specific cut-off of interest. However, 
cut-offs, such as those delineated by lipid lowering 
guidelines, are often of specific policy interest them-
selves. (With certain assumptions, regression discon-
tinuity estimates can provide information about 
causal effects further from the threshold, although 
local randomization is not preserved11 ). Additionally, 
causal inference in regression discontinuity may be 
threatened by non-random manipulation around the 
treatment cut-off. However, in many situations manip-
ulation is either not possible or unlikely to generate 
bias. For example, random measurement error in lab-
oratory testing may place some people above and 
some below the treatment threshold in a manner that 
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Fig 1 | Fuzzy regression discontinuity. Reanalysis of South 
African data published in Bor et al.7 Figure plots the 
proportion of patients who received early antiretroviral 
treatment within three months of initial presentation. 
Circles denote the proportion of patients treated in each 
CD4 count bin. The solid line is the non-parametric best fit 
(95% confidence interval is shaded). At the time of data 
collection, South Africa national guidelines recommended 
initiating early antiretroviral treatment for all patients with 
CD4 counts of <200 cells/mm3. Consistent with this, the 
proportion receiving treatment declined noticeably at this 
threshold. However, not all patients below the threshold 
were treated and some patients above the threshold were 
treated, likely because of other clinical symptoms. This 
crossover (relative to the assignment threshold) motivates 
the use of “fuzzy” regression discontinuity. In contrast, in 
“sharp” regression discontinuity, the probability of 
receiving early antiretroviral treatment would have been 
exactly 1 above the threshold and 0 below
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Treatment assignment and analysis

• Assignment to treatment by an arbitrary cutoff can be 'sharp' or 'fuzzy' 

• Sharp RD 

• The probability of receiving treatment jumps deterministically from 0 to 1 at the cutoff 

• Treatment effect is estimated by comparing outcomes for those 'just above' the 
cutoff to those 'just below' it 

• Fuzzy RD 

• The probability if treatment increases at the cutoff but is not deterministic 

• Allow crossover into or out of treatment 

• Comparison captures the effect of assignment to treatment by the threshold rule 

• Estimate effect of treatment by instrument variable method
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FIGURE 1 Probabilities of assignment to treatment conditions in sharp and fuzzy regression discontinuity designs.

smaller jump at the cutoff score as illustrated in Figure 1b, and the treatment assignment becomes
fuzzy. Campbell (1969) coined the term fuzzy design when he came to realize that the subjects’
knowledge of the cutoff score could create social dynamics at the cutoff score, that is, subjects
around the cutoff score may get access to the treatment that violates their original assignment.
This is analogous to the crossover issue in randomized experiments. The fuzziness can also be
created by the situation in which subjects in the treatment group do not show up to receive
the treatment (i.e., no-shows) or the situation in which unmeasured variables, in addition to the
cutoff score on the assignment variable, are also used for the treatment assignment. The fuzzy
RD design can be viewed as a sharp design with mis-assigned cases relative to the cutoff score.
Consequently, the data analytic techniques in a sharp RD design would not generally lead to valid
inferences regarding treatment effects in a fuzzy RD design. In this study we limit the discussion
to the sharp RD design. Thorough discussions of treatment effect estimation for a fuzzy RD
design can be found in Hahn, Todd, and van der Klaauw (2001), Imbens and Lemieux (2008) and
van der Klaauw (2008).

Identification of Treatment Effects

It would be helpful to present the identification of RD treatment effects in the framework of
Rubin’s causal model (Holland, 1986; Rubin, 1974, 1977, 1978, 1980) rather than the regression
framework that motivated the invention of RD. Consider a basic experiment in which subjects in
a well-defined population are assigned to either the treatment condition or the control condition.
Y is the outcome variable of interest. Let Y0 and Y1 denote the potential outcome for an individual
subject under the control condition (0) and the treatment condition (1), respectively. It is necessary
to use an indicator variable T to denote the treatment assignment for observation i such that

Yi =
{

Yi1, if Ti = 1;

Yi0, if Ti = 0.
(1)

Under the assumption of constant effects that the treatment effect θ is a constant for all
subjects in the population, the effect of the treatment condition relative to the control condition
can be obtained as θ = Y1 − Y0. Because of the “fundamental problem of causal inference”
(Holland, 1986, p. 947), Y0 and Y1 can unfortunately never be observed at the same time for the
same subject. In addition, the treatment effect θ is potentially heterogeneous across individuals.
Therefore, the statistical solution to causal inference, according to Rubin’s causal model, is to
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MEASUREMENT, STATISTICS,
AND RESEARCH DESIGN

Investigating the Accuracy of Three Estimation Methods
for Regression Discontinuity Design

Shuyan Sun
University of Maryland Baltimore County

Wei Pan
Duke University

Regression discontinuity design is an alternative to randomized experiments to make causal inference
when random assignment is not possible. This article first presents the formal identification and
estimation of regression discontinuity treatment effects in the framework of Rubin’s causal model,
followed by a thorough literature review of three major methods for estimating regression discontinu-
ity effects. The authors conducted a Monte Carlo simulation to compare the accuracy of 3 estimation
methods and evaluate the effects of sample sizes, cutoff score locations, and distribution assumptions
on the accuracy of parameter estimates. Although all 3 methods can produce reasonably accurate
parameter estimates under various manipulated data conditions, extreme cutoff scores tend to intro-
duce large parameter estimate biases when the variance of the outcome variable differs across groups.
Implications and directions for further research are discussed.

Keywords causal inference, parameter estimate bias, regression discontinuity

A REGRESSION DISCONTINUITY (RD) DESIGN OCCURS when the allocation to treatment
conditions is based on a cutoff score on an assignment variable X before treatments, and then
X is used as a covariate in a regression of an outcome variable Y . Although not as powerful as
randomized experiments, RD is superior to other quasi-experimental methods in causal infer-
ence (Cook, 2008), and therefore, it is an alternative to randomized experiments when random
assignment is not possible. It is also one of the four methods for estimating causal effects us-
ing observational data highly recommended by the American Educational Research Association
(Schneider, Carnoy, Kilpatrick, Schmidt, & Shavelson, 2007). However, the strengths of a RD

Address correspondence to Shuyan Sun, Department of Psychology, University of Maryland Baltimore County, 1000
Hilltop Circle, Baltimore, MD 21250, USA. E-mail: suns@umbc.edu.
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Strengths

• Provide transparent method to estimate causal effects 
of treatments or policies, when RCT are not possible 

• Non-random attrition and crossover 

• Reflect 'real-world' effects, incorporate important 
behavioral phenomena such as poor adherence and loss 
to follow up



Limitations

• External validity – estimates are only interpretable as 
causal effects for those near the specific cutoff interest 

• May be threaten by non-random manipulation around 
the treatment cutoff 

• Require large datasets to generate precise estimates
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cannot easily be manipulated. Moreover, manipula-
tion is visually and statistically testable.12  Lastly, 
regression discontinuity studies may require large 
datasets to generate precise  estimates. However, the 
growing availability of “big data,” such as electronic 
medical information systems, administrative data-
bases, national registries, insurance claims, popula-
tion health databases, social media, internet 
searches, and other routinely collected data may 
loosen this constraint.13

Examples of regression discontinuity studies
Table 1 provides examples of regression discontinuity 
studies in healthcare. These studies, which employ 
fuzzy designs, are drawn from the clinical, public 
health, and health policy literatures to illustrate the 
breadth of research questions investigated using regres-
sion discontinuity. Collectively, the studies also show 
the diversity of usable cut-offs.

Clinical research
Treatment decisions based on therapeutic goals or 
cut-offs are ubiquitous in clinical medicine. Despite 
this, few published studies have used the regression 
 discontinuity design to evaluate clinical questions 
(table  1 ).7 14-16  In the example in figure 1 , Bor et al 
show the power of the regression discontinuity 

approach by examining the role of early antiretroviral 
treatment on mortality, retention, and immune recovery 
in South Africa.7 17 Exploiting a national policy of initi-
ating treatment at CD4 counts less than 200 cells/mm3 
to estimate a fuzzy regression discontinuity, they 
found that people with CD4 counts just below this 
threshold had a 35% lower hazard of death than those 
with CD4 counts just above it. Clinical threshold rules 
based on continuously measured biomarkers (such as 
CD4 counts) are a particularly strong application of 
regression discontinuity because assignment to treat-
ment around the threshold is effectively driven by 
random measurement error.18 19  Consistent with this, 
Bor et al showed that patients just above and just 
below the relevant threshold were statistically 
 identical across baseline characteristics. Similarly, to 
estimate the impact of statin use on low density lipo-
protein cholesterol levels, Geneletti et al. exploited 
guideline driven differences in statin prescribing for 
those with just less or just greater than 20% 10 year 
risk of a cardiovascular event (as determined by a 
standard risk calculator).16

Though the benefits of early antiretroviral treatment 
and statins are both well established in the medical 
 literature, regression discontinuity studies provide a 
better sense of what could happen in the real world, 
which is free of biases to external validity introduced 

Table 1 | Examples of regression discontinuity designs in clinical, prevention and public health, and health policy studies

Studies Exposures
Type of assignment 
variables Threshold rules Outcomes

Clinical:
 Bor et al 2014, 20157 16 HIV antiretroviral therapy Therapeutic Patients with CD4 counts <200 cells/mm3 eligible 

to initiate early antiretroviral treatment in South 
Africa

Mortality, immune 
recovery, retention in 
clinical care

 Almond et al 201013 Neonatal intensive care Therapeutic Infants with birth weights <1500 g (designated very 
low birth weight) recommended for intensive care in 
United States

Infant mortality

 Bharadwaj et al 201314 Neonatal intensive care Therapeutic Infants with birth weights <1500 g (designated very 
low birth weight) recommended for intensive care in 
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This  paper  examines  the  health  effects  of Caesarean  section  (CS)  for  children  and  their  mothers.  We  use
exogenous  variation  in  the  probability  of  CS  in a fuzzy  regression  discontinuity  design.  Using  administra-
tive  Danish  data,  we  exploit  an  information  shock  for obstetricians  that  sharply  altered  CS rates  for  breech
babies.  We  find  that  CS  decreases  the child’s  probability  of  having  a low  APGAR  score  and  the  number  of
family  doctor  visits  in  the  first  year  of life.  We  find  no significant  effects  for severe  neonatal  morbidity  or
hospitalizations.  While  mothers  are  hospitalized  longer  after  birth,  we  find  no  effects  of  CS for  maternal
post-birth  complications  or  infections.  Although  the  change  in mode  of  delivery  for  the marginal  breech
babies  increases  direct  costs,  the  health  benefits  show  that  CS  is  the safest  option  for  these  children.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Since the 1970s, many developed countries have experienced
an increase in the use of Caesarean section (CS) for childbirth. For
example, in the U.S., the overall CS rate rose from 20.7 percent
in 1996 to 31 percent in 2006 (MacDorman et al., 2008).1 Critics
argue that changes in the population of biological mothers cannot
solely explain this huge increase. While the procedure has life-
saving effects for some groups, the use of CS has been extended
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Datta Gupta, Mette Ejrnæs, Tor Eriksson, Christina Gathmann, Rafael Lalive, Søren
Leth-Petersen, Dean Lillard, Maarten Lindeboom, Sean Nicholson, Henrik Nyholm,
Steffen Reinhold, Maya Rossin-Slater, and participants at the Workshop “Chil-
dren’s Human Capital Development” (Aarhus University), the EALE 2012 conference
(Bonn), and seminars at Aarhus University, the University of Lund, the Erasmus Uni-
versity Rotterdam, Cornell University, and SFI for helpful comments. The authors
acknowledge financial support by the Danish Agency for Science, Technology and
Innovation through a grant to the Graduate School for Integration, Production and
Welfare (Wüst) and grant number 09-065167 (Jensen).

∗ Corresponding author at: The Danish National Centre for Social Research, Herluf
Trolles Gade 11, 1052 Copenhagen, Denmark. Tel.: +45 33 48 08 95.

E-mail addresses: vmj@sfi.dk (V.M. Jensen), miw@sfi.dk (M. Wüst).
1 Diagnostic groups that often or always lead to CS use include multiple births,

placenta praevia, earlier CS, and high risk of emergency CS due to pregnancy com-
plications (Danish National Board of Health, 2005b).

to patients for whom the medical indication is not clear (Shearer,
1993; Declercq et al., 2006).

As a CS (in the U.S.) typically costs more than a natural deliv-
ery, economists have primarily analyzed non-medical reasons for
the increase in CS use and its economic consequences for health
care systems (see, e.g., Gruber and Owings, 1996; Gruber et al.,
1999).2 However, to evaluate the cost efficiency of increased CS
use, we need to factor in consequences for patients’ health. The only
existing economic study on the consequences of CS that includes
health effects into the analysis is Currie and MacLeod (2008). They
find that increased CS use after tort reform does not coincide with

2 These analyses—that focus on the additional costs of a CS—relate to a large
debate on the returns to increased medical spending. While cross-sectional stud-
ies  of high vs. low-spending areas in the U.S. commonly find no health returns
to  higher spending (see, e.g., Fisher et al., 1994), studies using instrumental vari-
ables or panel data methods reach other conclusions. Almond et al. (2010) find that
increased spending on at risk infants cost-effectively improves mortality outcomes.
Exploiting admission of non-residential patients, Doyle (2011) demonstrates that
higher spending improves health for emergency patients. However, the cost increase
related to the increased use of CS depends on the costs of the relevant counterfactual.
For  complicated vaginal births (such as babies in breech position, that require expert
presence throughout labor), cost increases induced by increased use of CS may  at
most be modest. Thus this paper does not study returns to additional spending on
the marginal CS child.

http://dx.doi.org/10.1016/j.jhealeco.2014.07.004
0167-6296/© 2014 Elsevier B.V. All rights reserved.

Health outcome of infants born just before and just after a 
announcement the result from clinical trial in Denmark 

"Caesarean section conferred better health outcome than 
vagina delivery for term breech infants"  
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Caesarean rates increased markedly after announcement of 

the trial & higher apgar scores and lower rates of 
hospitalization in the first year of life than those born just 

before the announcement
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Fig. 1. CS rate for all non-breech and breech pregnancies, 1996–2006. Notes: The plot shows the average probability of a CS per half-year. The vertical line is the date for the
Danish  dissemination of the TBT results. The sample includes all singleton births irrespective of parity.

remained lively—partly due to lack of evidence from credible ran-
domized control trials (RCTs). Such evidence became available on
October 21, 2000, when “The Lancet” published the results of the
TBT (Hannah et al., 2000).11

The TBT included 2083 women from 121 centers in 26 high-
and low-neonatal mortality countries during 1997–2000. Women
who met  the inclusion criteria were randomly allocated to either an
attempted vaginal birth or an elective CS.12 The TBT concluded that
elective CS is superior to planned vaginal birth for breech babies
who meet the TBT inclusion criteria. Babies in the elective CS group
saw significantly lower risks of perinatal mortality, neonatal mor-
tality, and serious neonatal morbidity. Additionally, the positive
health effects of elective CS were bigger in low-neontal mortality
countries. The study found no difference by planned mode of deliv-
ery with respect to maternal morbidity or mortality in the short
run.13

While the scientific debate on the validity of the TBT results
is still ongoing, the TBT was a ground-breaking trial, with over
500 registered cites in the Web  of Science to date (October 2012).
The dissemination of its results had a major impact on national
guidelines for the handling of breech pregnancies across countries
(Turner, 2006; Rietberg et al., 2005; Phipps et al., 2003; Carayol
et al., 2007). For Denmark, Fig. 1 shows the percentage of CS for

11 The TBT ended prematurely, as an interim analysis showed significant differ-
ences between treatment and control groups. “The Lancet” fast-tracked the TBT
results and published them only 6 months after the last randomization. Critics point
out that the short trial period made accounting for longer-run effects impossible
and  that fast-tracking left important questions (such as the interpretation of results
found for countries with high or low neonatal mortality) unresolved (Bewley and
Shennan, 2006).

12 The study’s protocol included singleton babies in frank or complete breech posi-
tion at term, below 4000 g, without fetal abnormalities, or other indications for a
CS,  such as placenta praevia. Some women must have been in labor at the time of
randomization and informed consent. In this case “the CS was undertaken as soon
as  possible”(Hannah et al., 2000, p. 1376).

13 A systematic review from 2003—including TBT data—concluded slightly dif-
ferently, i.e., found a small elevated risk of maternal morbidity for mothers with
planned CS (Hofmeyr et al., 2003).

all singleton pregnancies and all breech pregnancies from 1996
through 2006. The graph is centered around the second half of
the year 2000 and shows half-yearly means. While the CS rate
is smooth for all singleton pregnancies, the probability for a CS
increases sharply from 75 to 83 percent for breech pregnancies at
time 0.

Several sources strongly suggest that this increase of the CS
rate for breech babies was caused by the dissemination of the TBT
results among Danish OBs. First, and most importantly, the DSOG
scheduled an extraordinary meeting on December 4, 2000, when
about 200 OBs, gynaecologists, and midwives were introduced to
the findings of the TBT. This meeting disseminated the TBT results
to all OBs and hospitals in Denmark (Clausen, 2003).

Second, the DSOG discussed the TBT at their annual meetings
in 2001 and 2003. As these meetings often lead to changes in the
national guidelines, they have consequences for OB practice. The
report from the 2003 meeting summarizes a survey response from
Danish maternity wards in 1999 and 2001 on their practices for
breech pregnancies. Of the 28 wards (78 percent) that answered the
survey in both years 22 wards (79 percent) reported that the TBT
results affected their policy for breech pregnancies. Six out of 28
wards recommended elective CS as the default for breech positions
before the TBT, whereas 18 out of 28 wards recommended CS after
the TBT publication.14

Third, although no change in national DSOG guidelines occurred
in the year 2000/2001, guidelines changed at the hospital level.
The 2001 guidelines from the fifth largest maternity ward in
Denmark state, “We  [the maternity ward] cannot continue to
present attempted vaginal birth as a safe alternative to elec-
tive CS. We  have to put the numbers on the table. Most women
will choose elective CS in this situation [i.e., if the TBT results
are presented]” (Aalborg Hospital, 2001, p. 4; authors’ explana-
tions in brackets). Fourth, Tharin et al. (2011) confirm a strong

14 No published data available. According to Henrik Nyholm, the OB  who carried
out the survey, the TBT was  a driving force behind this change towards increased
CS use for breech babies (Nyholm, personal interview 2011).
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This paper’s findings suggest that an arbitrary Chinese policy that
greatly increases total suspended particulates (TSPs) air pollution
is causing the 500 million residents of Northern China to lose more
than 2.5 billion life years of life expectancy. The quasi-experimen-
tal empirical approach is based on China’s Huai River policy, which
provided free winter heating via the provision of coal for boilers in
cities north of the Huai River but denied heat to the south. Using
a regression discontinuity design based on distance from the Huai
River, we find that ambient concentrations of TSPs are about 184
μg/m3 [95% confidence interval (CI): 61, 307] or 55% higher in the
north. Further, the results indicate that life expectancies are about
5.5 y (95% CI: 0.8, 10.2) lower in the north owing to an increased
incidence of cardiorespiratory mortality. More generally, the anal-
ysis suggests that long-term exposure to an additional 100 μg/m3

of TSPs is associated with a reduction in life expectancy at birth of
about 3.0 y (95% CI: 0.4, 5.6).

airborne particulate matter | unintended consequences of policy |
premature mortality | health costs of coal combustion |
Chinese environmental quality

Air quality in China is notoriously poor and recently has become
an issue associated with increasing social unrest. Ambient

concentrations of total suspended particulates (TSPs) between
1981–2001 were more than double China’s National Annual Mean
Ambient Air Quality Standard of 200 μg/m3 (1) and five times the
level that prevailed in the United States before the passage of the
CleanAir Act in 1970. Furthermore, air quality is especially poor in
Northern China, which is home to several of the world’s most
polluted cities (2). Following a career in the Southern China city of
Shanghai, Premier Zhu Rongi reportedly quipped in 1999: “If I
work in your Beijing [in Northern China], I would shortenmy life at
least five years” (3).
This paper examines the health consequences of these ex-

traordinary pollution levels by exploiting a seemingly arbitrary
Chinese policy that produced dramatic differences in air quality
within China. During the 1950–1980 period of central planning,
the Chinese government established free winter heating of homes
and offices via the provision of free coal for fuel boilers as a basic
right. The combustion of coal in boilers is associated with the re-
lease of air pollutants, and in particular emission of particulate
matter that can be extremely harmful to human health (4, 5). Due
to budgetary limitations, however, this right was only extended to
areas located in North China, which is defined by the line formed
by the Huai River and Qinling Mountain range (Fig. 1). Even
today, the long-lived heating systems continue to make indoor
heating much more common in the north.
This paper finds that the Huai River policy had dramatic

impacts on pollution and human health. To the north of the Huai
River, particulate concentrations are 184 μg/m3 [95% confidence
interval (CI): 61, 307], or 55% higher, and life expectancies are
5.5 y (95% CI: 0.8, 10.2) lower, almost entirely due to an increased
incidence of cardiorespiratory mortality (and no effect on other

causes). The estimates suggest that the 500 million residents of
Northern China during the 1990s experienced a loss of more than
2.5 billion life years owing to the Huai River policy.
Furthermore, a research design based on this policy allows for a

unique opportunity to estimate the effect of TSPs on human health,
which can be applied to other countries, time periods, and settings.
The resulting estimates suggest that long-term exposure to an
additional 100 μg/m3 of TSPs is associated with a reduction in life
expectancy at birth of about 3.0 y (95% CI: 0.4, 5.6). This estimate
is more than five times larger than the estimated impact of TSPs
on life expectancy from fitting a conventional ordinary least-
squares equation on the same data.
The study addresses several shortcomings in our understanding

about the health effects of air pollution. First, the research design
provides estimates of the impact of long-run exposure to TSPs on
life expectancy. The policy caused long-run differences in TSP
concentrations between cities north and south of the Huai River
(6). Moreover, during the period in question, the hukou (house-
hold registrations) system restricted mobility, so in general indi-
viduals will be observed where they lived most of their lives. In
contrast, studies that use data for the United States or other
developed countries must assume no migration, which is under-
mined by the high rates of migration in the United States and the
potential selection of location based on air pollution concen-
trations, or alternatively assume that short-run variation in air
pollution is informative about life expectancy (7, 8). Second, the
availability of a regression discontinuity design based on the Huai
River policy provides an appealing quasi-experimental approach
that can help to move the existing literature from documenting a
robust association between particulates and health toward doc-
umenting a causal relationship (9). Third, China’s air is extremely
polluted and we are unaware of any previous direct evidence on the
impact of air pollution on life expectancy at these concentrations,
although important research has applied results from the United
States to the Chinese setting (10). Fourth, the analysis is conducted
with the most comprehensive data file ever compiled on mortality
and air pollution in China or any other developing country.

Data Sources
The dataset for this analysis is based on several sources. We
collected information on annual daily average concentrations of
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Geographic boundaries: Impact of air pollution on health 
using data from China 

Variation in pollution generated by a national policy 
"Provided free coal based winter heating for  

those living in north of Huai River" 
i  

Statistically higher levels of pollution just north of the river  
vs just south & life expectancies were 5.5 years lower  

in north of the river



TSPs for 90 cities from 1981 to 2000. These data were compiled
through a combination of hand entry from Chinese-language
publications and access to electronic files (11). We obtained the
data by combining the results of a World Bank project with in-
formation from hard copies of China Environment Yearbook to
generate a single comprehensive file of air pollution across
Chinese cities for our period.
Although there is recent evidence that air pollution readings in

Chinese cities are manipulated by policymakers, with a tendency
for officials to underreport pollution, we believe that manipulation
was not a serious issue during the period we study (12). First, for
the period of our study, government officials’ evaluations were
primarily based on economic growth rather than environmental
indices (13). Second, the readings were also generally not widely
available, which reduced the incentive to publish inaccurate in-
formation. Indeed, it has been reported extensively that Chinese
officials monitored air pollution concentrations beginning in the
late 1970s but this information was not publicly released until 1998
(14). Also, our analysis relies on testing for differences in air
pollution readings near the Huai River, so unless the data were
manipulated differently north and south of the river, mis-
measurement would not bias the results in an obvious fashion.
Moreover, even in the presence of manipulation of pollution
concentrations, the estimates of the health impacts of living
north of the Huai River will not be affected.
The mortality data are derived from China’s Disease Surveil-

lance Points (DSPs) system (15). The DSP is a set of 145 sites
chosen to be nationally representative (benchmarked against the
1990 China census) so that it captures China’s variation in wealth,
urbanicity, and geographic dispersion. The DSP records all deaths
and population counts at the sites and yields a nationally repre-
sentative annual sample of deaths (16). The analysis will rely on
the data taken from roughly 500,000 deaths recorded at sites
between 1991 and 2000, and population counts by age and sex
that are used to convert the recorded deaths into city-level
mortality rates for ages 1, 5, and 10 y and 5-y increments through
age 80. Additionally, these mortality rates are used to calculate
an overall mortality rate based on China’s age distribution in
2000 and life expectancy at birth, both measured annually for
the 125 locations. In SI Appendix, we discuss why the results are
unlikely to be driven by mismeasurement in a location’s mor-
tality rate from either migration or the transfer of sick rural
residents to urban hospitals.

Importantly, the cause of death is also recorded after multiple
validation checks. We classify causes of death as either cardiore-
spiratory or noncardiorespiratory. The cardiorespiratory causes of
death that are those that have been linked to ambient air quality
and include heart disease (17), stroke (18–20), lung cancer (21),
and respiratory illnesses (22, 23). Causes of death presumably
unrelated to air quality include other cancers, accidental or violent
deaths, and various stomach ailments. Together, these two cate-
gories cover all causes of death.
We collected a range of determinants of mortality and life ex-

pectancy, besides TSPs, that are used as control variables in the
subsequent statistical analysis. We obtained daily average tem-
perature data for each location in the air pollution sample from
theWorld Meteorological Organization that was used to calculate
annual heating and cooling degree days (24). We also compiled
a series of variables from China’s 2000 census that are potentially
related to health outcomes: average education of county residents,
manufacturing’s share of employment, the percentage of residents
with urban registration, and the percentage of residents with ac-
cess to tap water. The data file also includes an income variable
taken from the DSP, which placed each site into one of four
income categories.
To estimate the impact of long-run exposure to pollution, the

location-level panel data are collapsed to a 125-observations, lo-
cation-level, cross-sectional dataset, because the Huai River re-
gression discontinuity design is fundamentally a cross-sectional
design. This data file is obtained by averaging the annual location-
specific measures of mortality rates, life expectancies, pollution
concentrations, weather variables, and other covariates across the
available years. Additionally, we used a geographic information
system to identify the degrees latitude that each city centroid is
north of the Huai River line and merged this information into the
final dataset. SI Appendix provides more details on the procedure
used to collapse the data file and the data sources.

Econometric Model
We use two approaches to estimate the relationship between TSPs
and human health. The first approach is a “conventional” strategy
that uses ordinary least squares to fit the following equation to the
cross-sectional data file:

Yj = β0 + β1TSPj +XjΓ+ «j; [1]

where TSPj is the total suspended particulates concentration in
city j, Xj is a vector of the observable characteristics of the city
that might influence health outcomes other than air quality,
and «j is a disturbance term. The dependent variable is Yj,
which is either a measure of mortality rates in city j or its
residents’ life expectancy, which is a simple function of age-
specific mortality rates.
The coefficient β1 measures the effect of TSP exposure on

mortality, after controlling for the available covariates. Consistent
estimation of β1 requires that unobserved determinants of mor-
tality do not covary with TSPj after adjustment for Xj. Thus, the
conventional approach rests on the assumption that linear ad-
justment for the limited set of variables available in the census
removes all sources of confounding. With data from the United
States, Chay et al. (9) have documented the sensitivity of the es-
timated TSP–adult mortality relationship to small changes in
specification and sample, which is consistent with the possibility
that omitted variables bias plagues the conventional approach.
The second approach leverages the regression discontinuity

(RD) design implicit in the Huai River policy to measure its im-
pact on TSP concentrations and life expectancy. The RD design
was developed more than five decades ago and has been used suc-
cessfully to test the causal nature of relationships in a wide range of
fields including psychology, education, statistics, biostatistics, and
economics (25, 26).

Fig. 1. The cities shown are the locations of the Disease Surveillance Points.
Cities north of the solid line were covered by the home heating policy.
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This paper’s RD design exploits the discrete increase in the
availability of free indoor heating as one crosses the Huai River
line (with no availability to the south and, in principle, complete
availability north of the line). Specifically, we separately test
whether the Huai River policy caused a discontinuous change in
TSPs at the river and a discontinuous change in life expectancy.
The respective necessary assumptions are that any unobserved
determinants of TSPs or mortality change smoothly as they
cross the river. If the relevant assumption is valid, adjustment
for a sufficiently flexible polynomial in distance from the river
will remove all potential sources of bias and allow for causal
inference.
In practice, we estimate the following equations to test for the

impacts of the Huai River policy:

TSPj = α0 + α1Nj + α2f
!
Lj
"
+Xjκ+ νj [2a]

Yj = δ0 + δ1Nj + δ2f
!
Lj
"
+Xjϕ+ uj; [2b]

where j references a city or location in China. TSPj is the average
annual ambient concentration of TSPs in city j over the period
1980–2000 and Yj is a measure of city j’s mortality or life expec-
tancy at birth. Nj is an indicator variable equal to 1 for locations
that are north of the Huai River line, f(Lj) is a polynomial in the
degrees north of the Huai River, and Xj is a vector of the de-
mographic and city characteristics, other than air quality, that are
associated with mortality rates (SI Appendix gives details).
This design can also be used to develop estimates of the im-

pact of TSP concentrations on life expectancy. Specifically, if the
Huai River policy only influences mortality through its impact on
TSPs, then it is valid to treat Eq. 2a as the first stage in a two-
stage least-squares (2SLS) system of equations. An important
appeal of the 2SLS approach is that it produces estimates of the

impact of units of TSPs on life expectancy, so the results are
applicable in other settings. The second-stage equation is

Yj = β0 + β1TŜPj + β2f
!
Lj
"
+XjΓ + «j ; [2c]

where TŜPj represents the fitted values from estimating (Eq. 1)
and the other variables are as described above. The 2SLS ap-
proach offers the prospect of solving the confounding or omitted

Table 1. Summary statistics

Variable
South
(1)

North
(2)

Difference
in means

(3)

Adjusted difference
in means

(4)
P value

(5)

Panel 1: Air pollution exposure at China’s
Disease Surveillance Points
TSPs, μg/m3 354.7 551.6 196.8*** 199.5*** <0.001/0.002
SO2, μg/m3 91.2 94.5 3.4 −3.1 0.812/0.903
NOx, μg/m3 37.9 50.2 12.3*** −4.3 <0.001/0.468

Panel 2: Climate at the Disease Surveillance Points
Heating degree days 2,876 6,220 3,344*** 482 <0.001/0.262
Cooling degree days 2,050 1,141 −910*** −183 <0.001/0.371

Panel 3: Demographic features of China’s
Disease Surveillance Points
Years of education 7.23 7.57 0.34 −0.65 0.187/0.171
Share in manufacturing 0.14 0.11 −0.03 −0.15*** 0.202/0.002
Share minority 0.11 0.05 −0.05 0.04 0.132/0.443
Share urban 0.42 0.42 0.00 −0.20* 0.999/0.088
Share tap water 0.50 0.51 0.02 −0.32** 0.821/0.035
Rural, poor 0.21 0.23 0.01 −0.33* 0.879/0.09
Rural, average income 0.34 0.33 0.00 0.24 0.979/0.308
Rural, high income 0.21 0.19 −0.02 0.27 0.772/0.141
Urban site 0.24 0.25 0.01 −0.19 0.859/0.241
Predicted life expectancy 74.0 75.5 1.54*** −0.24 <0.001/0.811
Actual life expectancy 74.0 75.5 1.55 −5.04** 0.158/0.044

The sample (n = 125) is restricted to DSP locations within 150 km of an air quality monitoring station. TSP (μg/m3) in the years 1981–2000 before the DSP
period is used to calculate city-specific averages. Degree days are the deviation of each day’s average temperature from 65°F, averaged over the years 1981–
2000 before the DSP period. The results in column (4) are adjusted for a cubic in degrees of latitude north of the Huai River boundary. Predicted life
expectancy is calculated by OLS using all of the demographic and meteorological covariates shown. All results are weighted by the population at the DSP
location. One DSP location is excluded due to invalid mortality data. *Significant at 10%, **significant at 5%, ***significant at 1%. Sources: China Disease
Surveillance Points (1991–2000), China Environment Yearbook (1981–2000), and World Meteorological Association (1980–2000).
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Fig. 2. Each observation (circle) is generated by averaging TSPs across the Dis-
ease Surveillance Point locations within a 1° latitude range, weighted by the
population at each location. The size of the circle is in proportion to the total
population at DSP locations within the 1° latitude range. The plotted line reports
the fitted values from a regression of TSPs on a cubic polynomial in latitude using
the sample of DSP locations, weighted by the population at each location.
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variables problem associated with the estimation of the air pol-
lution–health effects relationship and is a solution to the atten-
uation bias associated with the mismeasurement of TSP.

Results
Summary Statistics. Table 1 reports the summary statistics for
several of the key determinants of mortality rates and provides
evidence on the validity of the RD design. Columns (1) and (2)
report the means in cities south and north of the Huai River line.
Column (3) reports the mean difference between the North and
the South. Column (4) also reports the difference, but this time it
is adjusted for a cubic polynomial in degrees north of the Huai
River so that it is a test for a discontinuous change at the Huai
River line. A direct test of the RD design’s identifying assumption
that unobservables change smoothly at the boundary is, of course,
impossible, but it would nevertheless be reassuring if observable
determinants change smoothly at the boundary. (This is analo-
gous to the test in randomized control trials that observable
determinants of the outcome are independent of treatment sta-
tus.) Column (5) reports the P values associated with the tests that
the differences in columns (3) and (4) are equal to zero.
Two key points emerge from this table. First, there are large

differences in TSP exposure among Southern and Northern
Chinese residents, but not for other forms of air pollution (e.g.,
sulfur dioxide and nitrous oxides) owing to the greater distances
that they travel. Second, there are substantial differences in the
determinants of mortality rates (e.g., temperature and predicted
life expectancy) between the South and North, but adjustment
for the cubic polynomial in latitude greatly reduces these dif-
ferences and causes them to become statistically insignificant.
This finding supports the validity of the RD design and the 2SLS
approach to inferring the causal relationship between TSPs and
life expectancy.

Graphical Analysis. The paper’s primary findings are presented
graphically in Figs. 2–4. Fig. 2 plots cities’ TSP concentration
against their degrees north of the Huai River boundary. The line is
the fitted value from the estimation of the first-stage Eq. 1, without
adjustment for Xj. The circles represent the average TSP con-
centration across locations within 1° latitude distance bins from
the Huai River; each circle’s size is proportional to the number of
DSP locations within the relevant 1° bin. The discontinuous
change in ambient TSP concentrations to the north of the border
indicates that the Huai River policy increased TSP concentrations
in the North by about 200 μg/m3. In contrast, SI Appendix, Figs. S1
and S2 graphically confirm that sulfur dioxide and nitrous oxide

concentrations are approximately equal on the two sides of the
Huai River.
Fig. 3 repeats the graphical exercise in Fig. 2, except here it plots

life expectancy against degrees north of the Huai River boundary.
The striking finding is that there is a discrete decline in life ex-
pectancy at the border of roughly 5 y, which mirrors the increase in
TSPs. Together, Figs. 2 and 3 reveal a sharp increase in TSPs and
a sharp decline in life expectancy at precisely the location where
theHuai River policy went into effect. The results in Fig. 3 are also
evident in SI Appendix, Fig. S3 in the sample of DSP sites within
5° latitude of the Huai River.
Fig. 4 graphically assesses the validity of this paper’s approach

by testing whether predicted life expectancy, calculated as the
fitted value from an ordinary least-squares (OLS) regression of life
expectancy on all covariates except TSPs (just as in Table 1), dif-
fers at the Huai River’s border. Specifically, this equation includes
all of the covariates listed in panels 2 and 3 of Table 1, and these
variables collectively explain a substantial portion of the variation
in life expectancy (R2 = 0.265). It is evident that predicted life ex-
pectancy is essentially equal just to the north and south of the border
(Table 1 reports a P value of 0.81 from a test of equal life expec-
tancy). Also note that SI Appendix, Table S2 demonstrates that di-
etary and smoking patterns are similar in the North and South,
suggesting that these determinants of life expectancy are unlikely to
explain the sharp decline in life expectancy north of the border.

Regression Results. Table 2 reports the results from the application
of the conventional OLS approach. The estimation of Eq. 1 with
four different dependent variables is reported: the overall mortality
rate, the cardiorespiratorymortality rate, the noncardiorespiratory-
related mortality rate, and life expectancy. The set of controls are
reported at the bottom of the table. The first three rows indicate
that a 100 μg/m3 increase in TSPs is associated with a statistically
significant 3% increase in the mortality rate that is entirely due to
an increase in cardiorespiratory causes of death. The column (2)
specification in the final row indicates that a 100 μg/m3 increase in
TSPs is associated with a loss in life expectancy of about 0.52 y
(95% CI: 0.07, 0.97).
Table 3 presents the RD results from the estimation of Eqs. 2a

and 2b in panel 1 and the 2SLS results from Eq. 2c in panel 2. In
column (1), the specification includes a cubic in distance from the
Huai River (measured in degrees of latitude). Column (2) adds the
available covariates to the specification. Column (3) uses an al-
ternative RD approach, which limits the sample to locations within
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Fig. 3. The plotted line reports the fitted values from a regression of life
expectancy on a cubic in latitude using the sample of DSP locations,
weighted by the population at each location.
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The estimated change in predicted life 
expectancy (and height of the brace) just 
north of the Huai River is -0.47 years and 
is not statistically different from zero 
(95% CI: -2.39, 1.27).
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Fig. 4. The plotted line reports the fitted values from a regression of pre-
dicted life expectancy on a cubic in latitude using the sample of DSP loca-
tions, weighted by the population at each location. Predicted life expectancy
is calculated by OLS using demographic and meteorological covariates (ex-
cluding TSPs).
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Health policy research

Changes in Racial and Ethnic Disparities in Access to Care
and Health Among US Adults at Age 65 Years
Jacob Wallace, PhD; Karen Jiang, BA; Paul Goldsmith-Pinkham, PhD; Zirui Song, MD, PhD

IMPORTANCE Medicare provides nearly universal health insurance to individuals at age 65
years. How eligibility for Medicare affects racial and ethnic disparities in access to care and
health is poorly understood.

OBJECTIVE To assess the association of Medicare with racial and ethnic disparities in access to
care and health.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study uses regression discontinuity
to compare racial and ethnic disparities before and after age 65 years, the age at which US
adults are eligible for Medicare. There are a total of 2 434 320 respondents in the Behavioral
Risk Factor Surveillance System and 44 587 state-age-year observations in the US Centers for
Disease Control and Prevention Wide-Ranging Online Data for Epidemiologic Research Data
(eg, the mortality rate for individuals age 63 years in New York in 2017) from January 2008 to
December 2018. The data were analyzed between February and May 2021.

EXPOSURES Eligibility for Medicare at age 65 years.

MAIN OUTCOMES AND MEASURES Proportions of respondents with health insurance, as well as
self-reported health and mortality. To examine access, whether respondents had a usual
source of care, encountered cost-related barriers to care, or received influenza vaccines was
assessed.

RESULTS Of 2 434 320 participants, 192 346 were Black individuals, 104 294 were Hispanic
individuals, and 892 177 were men. Immediately after age 65 years, insurance coverage
increased more for Black respondents (from 86.3% to 95.8% or 9.5 percentage points; 95%
CI, 7.6-11.4) and Hispanic respondents (from 77.4% to 91.3% or 13.9 percentage points; 95%
CI, 12.0-15.8) than White respondents (from 92.0% to 98.5% or 6.5 percentage points; 95%
CI, 6.1-7.0). This was associated with a 53% reduction compared with the size of the disparity
between White and Black individuals before age 65 years (5.7% to 2.7% or 3.0 percentage
points; 95% CI, 0.9-5.1; P = .003) and a 51% reduction compared with the size of the disparity
between White and Hispanic individuals before age 65 years (14.6% to 7.2% or 7.4 percentage
points; 95% CI, 5.3-9.5; P < .001). Medicare eligibility was associated with narrowed
disparities between White and Hispanic individuals in access to care, lowering disparities in
access to a usual source of care from 10.5% to 7.5% (P = .05), cost-related barriers to care
from 11.4% to 6.9% (P < .001), and influenza vaccination rates from 8.1% to 3.3% (P = .01).
For disparities between White and Black individuals, access to a usual source of care before
and after age 65 years was not significantly different: 1.2% to 0.0% (P = .24), cost-related
barriers to care from 5.8% to 4.3% (P = .22), and influenza vaccinations from 11.0% to 10.3%
(P = .60). The share of people in poor self-reported health decreased by 3.8 percentage
points for Hispanic respondents, 2.6 percentage points for Black respondents, and 0.2
percentage points for White respondents. Mortality-related disparities at age 65 years were
unchanged. Medicare’s association with reduced disparities largely persisted after the US
Affordable Care Act took effect in 2014.

CONCLUSIONS AND RELEVANCE In this cross-sectional study that uses a regression
discontinuity design, eligibility for Medicare at age 65 years was associated with marked
reductions in racial and ethnic disparities in insurance coverage, access to care, and
self-reported health.

JAMA Intern Med. doi:10.1001/jamainternmed.2021.3922
Published online July 26, 2021.
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• Research question: Is Medicare eligibility associated 
with reductions in racial and ethnic disparities in 
access to care and health? (in US) 

• Using "natural experiment"   

• Eligibility for Medicare at age 65 yrs 

• Using RDD comparing individuals just before and 
after age 65 

• Estimate effect sizes for the associations between 
Medicare eligibility with coverage, access to 
care, and health by race and ethnicity and state



Behavioral Risk Factor Surveillance 
System  

BRFSS
The Wide-Ranging Online Data  

for Epidemiologic Research  
WONDER

• Annual health survey across 
50 states 

• Estimates of Medicare's 
effects at age 65 yrs at the 
national and state levels

• Cause of death from US 
death certificates

Eligibility

• US citiziens  
• Age 51 – 79 yrs 
• From 2008 – 2018 
• 50 States and Washington 

DC 

• Removed observations with 
missing values

Outcomes

• Insurance coverage 

• Access to care


• Access to regular source of care 
• Cost-related barriers to seeing a physician 

during the past year 
• Receiving influenza vaccine during the past 

year 
• Self-reported health and mortality


• BRFSS: being in poor/fair/good or better 
health 

• WONDER: all-cause mortality



Results

tween White and Black adults and a 51% reduction (from 14.6%
to 7.2% or 7.4 pp; 95% CI, 5.3-9.5; P < .001) in the disparity be-
tween White and Hispanic adults.

Access to care improved at age 65 years for all racial and
ethnic groups. For each access measure, improvements
were larger for Black respondents and Hispanic respondents
compared with White respondents. The differential changes
in access at age 65 years was associated with a 29% (from
10.5% to 7.5% or 3.0 pp; P = .05) narrower disparity in the
share of White and Hispanic people with a usual source of
care, a 39% (from 11.4% to 6.9% or 4.5 pp; P < .001) nar-
rower disparity in the share of White and Hispanic people
unable to see a physician because of cost, and a 59% (from
8.1% to 3.3% or 4.8 pp; P = .01) narrower disparity in influ-
enza vaccination rates among White and Hispanic people
(Table 2 and Figure 1). For disparities between White and
Black respondents, changes in access to a usual source of
care (from 1.2% to 0%; P = .24), cost-related barriers to care
(from 5.8% to 4.3%; P = .22), and influenza vaccinations
(from 11.0% to 10.3%; P = .60) were not statistically signifi-
cant (Table 2 and Figure 1).

For self-reported health, the share of people in poor
self-reported health decreased sharply for Black respon-
dents and Hispanic respondents at age 65 years, consistent
with prior evidence on the association between health
insurance and self-reported health.40 The share of people in
poor self-reported health decreased by 3.8 pp (from 14.8%
to 11.0%; 95% CI, 1.4-6.1) for Hispanic respondents and 2.6
pp (from 10.3% to 7.7%; 95% CI, 1.2-4.0) for Black respon-
dents, but only 0.2 pp (from 5.8% to 5.6%; 95% CI, −0.7 to
0.3) for White respondents. This narrowed the disparity

between White and Black respondents by 2.4 pp (from 4.4%
to 2.0%; 95% CI, 0.8-4.0), a 55% reduction (P = .002), and
the disparity between White and Hispanic respondents by
3.6 pp (from 8.9% to 5.3%; 95% CI, 1.1-6.1), a 40% reduction
(P = .004). We did not detect changes in mortality-related
disparities (Table 2).

Within-State Reductions and Changes in Racial
and Ethnic Disparities After Age 65 Years
We found that 92% and 98% of the national-level reduction
in the disparities between White and Black adults and White
and Hispanic adults, respectively, in health insurance cover-
age was associated with within-state reductions in dispari-
ties (eTable 1 in the Supplement). For the access to care and
health measures we examined, within-state reductions in dis-
parities accounted for approximately 88% to 100% of the re-
ductions in national-level disparities.

To explore heterogeneity in the association between
entry to Medicare and racial and ethnic disparities by geog-
raphy, we grouped states into 4 census regions (Figure 2).
Hispanic respondents had the largest reductions in uninsur-
ance rates in the Midwest (16.7 pp) and South (20.0 pp)
regions. However, Black respondents had the largest reduc-
tions in uninsurance rates at age 65 years in the Northeast
(9.5 pp) and South (9.6 pp) regions. In all 4 regions, White
respondents had the smallest reductions in uninsurance
rates. In all regions (and nationally), coverage rates for Black
and Hispanic respondents lagged behind White respondents
before age 65 years. The disparities between White and His-
panic respondents decreased by more than the disparities
between White and Black respondents in each of the

Table 1. Characteristics of the Study Population

Characteristic

Sample means, No. (%)a Change at age 65 years

Age, 51-64 y Age, 65-79 y
Expected
mean, %b

Adjusted discontinuity, pp
(95% CI)c

Race

Black 115 779 (12) 76 567 (9) 10.1 0.5 (−0.2 to 1.2)

Hispanic 66 748 (11) 37 546 (8) 9.3 −0.2 (−1.0 to 0.6)

White 1 137 239 (77) 1 000 441 (83) 80.6 −0.3 (−1.3 to 0.7)

Women 820 598 (56) 721 545 (60) 57.0 0.7 (0.1 to 1.3)

Men 499 168 (44) 393 009 (40) 43.0 −0.7 (−1.3 to −0.1)

Married 804 334 (65) 602 405 (61) 65.9 −0.7 (−1.5 to 0.0)

Employed 813 908 (62) 210 094 (18) 35.0 −2.8 (−4.6 to −1.1)

Education

Less than high school 82 165 (11) 94 521 (14) 10.9 0.3 (−0.2 to 1.0)

High school 369 632 (28) 351 306 (31) 27.2 0.8 (0.3 to 1.3)

Some college 369 447 (30) 291 358 (29) 31.4 −0.6 (−1.1 to −0.2)

College graduate 495 160 (30) 374 196 (26) 29.9 0.0 (−0.6 to 0.7)

Income, $

<10 000 56 826 (5) 34 326 (3) 3.2 0.3 (−0.1 to 0.8)

10 000-24 999 214 648 (16) 251 030 (22) 18.4 0.0 (−0.4 to 0.5)

25 000-49 999 274 724 (20) 296 758 (26) 24.6 −0.8 (−1.6 to 0.1)

50 000-74 999 207 894 (15) 144 777 (13) 15.4 −0.0 (−0.4 to 0.3)

>75 000 412 265 (33) 190 585 (18) 23.7 −0.4 (−1.3 to 0.5)

Abbreviation: pp, percentage points.
a Columns present raw counts of

respondents and survey-weighted
shares in percentages.

b Column presents the expected
mean at age 65 years, the age
eligibility threshold for Medicare,
which is based on the local linear
association between age and the
outcome. The expected means
contain the counterfactual outcome
at age 65 years in the absence of the
treatment (ie, the expected
outcome at age 65 years without
Medicare).

c Adjusted discontinuity estimates
are in percentage points.
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regions, except the Northeast. In the Northeast, the dispar-
ity between White and Black respondents decreased by 5.9
pp (from 9.6% to 3.7%; 95% CI, 1.3-10.5), or 61%. Regional
differences in the other outcomes showed similar variation
between areas and racial and ethnic groups (eFigure 3 in the
Supplement). At the state level, the association between
entry to Medicare and reductions in racial and ethnic dis-
parities was largest in states where the disparities for those
younger than 65 years were greatest, including Midwestern
states such as Minnesota and Wisconsin, but also Northeast-
ern states, such as New Jersey and New York (eFigure 4 and
eTables 2 and 3 in the Supplement).

Sensitivity and Supplemental Analyses
Sensitivity analyses, including the use of alternative kernels
and bandwidths, parametric regression discontinuity de-
signs, adjustment for additional covariates, and testing for
smoothness in response rates at the discontinuity, generally
supported our primary conclusions (eTables 4-7 and eFig-
ures 5 and 6 in the Supplement), although estimates of the as-

sociation between entry to Medicare and disparities in access
to a usual source of care were sensitive to alterations in our sta-
tistical model. Our findings were qualitatively similar in the
pre- and post-ACA periods (Figure 3). However, disparities were
lower among those younger than 65 years in the post-ACA pe-
riod. The disparity between White and Black respondents in
cost-related barriers among those younger than 65 years was
so substantially reduced post-ACA that Medicare eligibility was
not associated with a further closure of the gap.

Discussion
By comparing individuals before and after age 65 years, we
found that eligibility for Medicare coverage was associated with
reductions in racial and ethnic disparities in insurance cover-
age, access to care, and self-reported health. Reductions in dis-
parities were associated with racial/ethnic minority groups clos-
ing gaps with the White population within states rather than
larger effect sizes observed with Medicare in states with greater

Figure 1. Medicare Eligibility Age-Related Discontinuities in Coverage, Access, and Health by Race and Ethnicity
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For each panel, the share of the population that reported an outcome is plotted
by age in years separately for White, Black, and Hispanic respondents for the
study period (2008-2017). For illustrative purposes, the local linear line of best
fit based on the optimal bandwidth selected for our regression discontinuity
model is plotted for each racial and ethnic group. The White group is comprised

of non-Hispanic, White individuals. The black vertical dotted line denotes the
Medicare eligibility age threshold at 65 years. Scatter plots for covariates that
should not change but exhibit large changes because of entry to Medicare are
presented in eFigure 2 in the Supplement.
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Table 2. Medicare Eligibility Age-Related Discontinuities in Racial and Ethnic Disparities in Coverage, Access, and Health

Characteristic

White individuals Black individuals Hispanic individuals Disparity

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

White and Black individuals White and Hispanic individuals

Expected
disparityc

Adjusted
discontinuity in
disparity (95%
CI)b P valued

Expected
disparityc

Adjusted
discontinuity in
disparity
(95% CI)b P valued

Insurance coverage, % 92.0 6.5 (6.1 to
7.0)

86.3 9.5 (7.6 to
11.4)

77.4 13.9 (12.0 to
15.8)

5.7 −3.0 (−5.1 to
−0.9)

.003 (.01) 14.6 −7.4 (−9.5 to
−5.3)

<.001 (<.001)

Health care access, %

Have a usual source of care 92.2 1.3 (0.8 to
1.8)

91.0 2.5 (0.8 to
4.3)

81.7 4.4 (1.5 to
7.2)

1.2 −1.2 (−3.2 to
0.7)

.24 (.38) 10.5 −3.0 (−6.1 to
0.0)

.05 (.09)

Unable to see physician in past year
because of cost

8.1 −3.0 (−3.5 to
−2.5)

13.9 −4.5 (−6.6 to
−2.4)

19.5 −7.5 (−9.4 to
−5.6)

−5.8 1.5 (−0.8 to
3.8)

.22 (.38) −11.4 4.5 (2.4 to
6.7)

<.001 (<.001)

Received an influenza vaccination
in past year

53.5 2.2 (1.3 to
3.0)

42.5 2.8 (0.8 to
4.9)

45.4 7.0 (3.7 to
10.3)

11.0 −0.7 (−3.1 to
1.7)

.60 (.78) 8.1 −4.8 (−8.4 to
−1.3)

.007 (.01)

Health

Self-reported health, %

Poor 5.8 −0.2 (−0.7 to
0.3)

10.3 −2.6 (−4.0 to
−1.2)

14.8 −3.8 (−6.1 to
−1.4)

−4.4 2.4 (0.8 to
4.0)

.002 (.01) −8.9 3.6 (1.1 to
6.1)

.004 (.01)

Fair 13.6 −0.8 (−1.3 to
−0.3)

25.0 −0.3 (−2.3 to
1.6)

31.1 0.2 (−2.8 to
3.2)

−11.3 −0.5 (−2.6 to
1.7)

.69 (.78) −17.5 −1.0 (−4.1 to
2.2)

.57 (.65)

Good or better 80.7 0.9 (0.2 to
1.7)

64.7 2.8 (0.3 to
5.2)

53.9 3.1 (−0.6 to
6.8)

15.9 −1.8 (−4.5 to
0.9)

.20 (.38) 26.8 −2.1 (−6.1 to
1.8)

.30 (.40)

Mortality rate, per 100 000e 1261.1 −11.3 (−43.7
to 21.1)

1902.6 −7.0 (−61.8 to
47.9)

1032.4 −9.3 (−61.9 to
43.4)

−641.5 −4.3 (−77.2 to
68.5)

.95 (.95) 228.7 −2.0 (−72.6 to
68.5)

.97 (.97)

a Columns present the expected mean at age 65 years, the age eligibility threshold for Medicare, which is based
on the local linear association between age and the outcome. The expected means contain the counterfactual
outcome at age 65 years in the absence of the treatment (ie, the expected outcome at age 65 years without
Medicare).

b Adjusted discontinuity estimates are in percentage points.
c Column presents the expected disparity at age 65 years, the age eligibility threshold for Medicare, which is

based on the local linear association between age and the outcomes for non-White and White populations. The

expected disparity subtracts the expected mean for non-White populations from the expected mean for White
populations at age 65 years.

d Benjamini-Hochberg–corrected P values are presented in parentheses.
e Mortality data are from the US Centers for Disease Control and Prevention Wide-Ranging Online Data for

Epidemiologic Research system. All other data are from the Behavioral Risk Factor Surveillance System. Because
these data are deidentified, they could not be linked.
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Figure 2. Changes in Racial and Ethnic Disparities in Health Insurance Rates at the Medicare Eligibility Age by Region
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The left panel plots the size (and confidence intervals) of the immediate
reduction in uninsurance rates (ie, the adjusted discontinuity) at the national
level and separately by census regions for each racial and ethnic group. In the
right panel, regression discontinuity estimates the adjusted disparities for
individuals age 65 years right before Medicare eligibility (in solid) and right after
Medicare eligibility (in hollow). The black vertical dotted line is the 0 disparity

line; to the left a comparison of the mean outcome for White respondents and
racial and ethnic minority respondents indicates that White respondents were
better off.
a Adjusted discontinuity in the disparity (the difference between the 2 points) is

statistically significant at the 5% level.

Figure 3. Changes in Racial and Ethnic Disparities in Coverage, Access, and Health Around the Medicare Eligibility Age Pre-ACA vs Post-ACA
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For each outcome, regression discontinuity estimates the adjusted disparities
for individuals age 65 years right before Medicare eligibility (in solid triangles)
and right after Medicare eligibility (in open triangles) before and after the
implementation of the US Affordable Care Act (ACA). The black vertical dotted
line is the 0 disparity line; to the left a comparison of the mean outcome for
White respondents and racial and ethnic minority groups indicates that White
respondents are better off. Panel A shows how the disparity between White and

Black respondents changes at age 65 years; panel B shows how the disparity
between White and Hispanic respondents changed at age 65 years; and pp
indicates percentage points.
a Adjusted discontinuity in the disparity (the difference between the 2 points) is

statistically significant at the 5% level.
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Table 2. Medicare Eligibility Age-Related Discontinuities in Racial and Ethnic Disparities in Coverage, Access, and Health

Characteristic

White individuals Black individuals Hispanic individuals Disparity

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

White and Black individuals White and Hispanic individuals

Expected
disparityc

Adjusted
discontinuity in
disparity (95%
CI)b P valued

Expected
disparityc

Adjusted
discontinuity in
disparity
(95% CI)b P valued

Insurance coverage, % 92.0 6.5 (6.1 to
7.0)

86.3 9.5 (7.6 to
11.4)

77.4 13.9 (12.0 to
15.8)

5.7 −3.0 (−5.1 to
−0.9)

.003 (.01) 14.6 −7.4 (−9.5 to
−5.3)

<.001 (<.001)

Health care access, %

Have a usual source of care 92.2 1.3 (0.8 to
1.8)

91.0 2.5 (0.8 to
4.3)

81.7 4.4 (1.5 to
7.2)

1.2 −1.2 (−3.2 to
0.7)

.24 (.38) 10.5 −3.0 (−6.1 to
0.0)

.05 (.09)

Unable to see physician in past year
because of cost

8.1 −3.0 (−3.5 to
−2.5)

13.9 −4.5 (−6.6 to
−2.4)

19.5 −7.5 (−9.4 to
−5.6)

−5.8 1.5 (−0.8 to
3.8)

.22 (.38) −11.4 4.5 (2.4 to
6.7)

<.001 (<.001)

Received an influenza vaccination
in past year

53.5 2.2 (1.3 to
3.0)

42.5 2.8 (0.8 to
4.9)

45.4 7.0 (3.7 to
10.3)

11.0 −0.7 (−3.1 to
1.7)

.60 (.78) 8.1 −4.8 (−8.4 to
−1.3)

.007 (.01)

Health

Self-reported health, %

Poor 5.8 −0.2 (−0.7 to
0.3)

10.3 −2.6 (−4.0 to
−1.2)

14.8 −3.8 (−6.1 to
−1.4)

−4.4 2.4 (0.8 to
4.0)

.002 (.01) −8.9 3.6 (1.1 to
6.1)

.004 (.01)

Fair 13.6 −0.8 (−1.3 to
−0.3)

25.0 −0.3 (−2.3 to
1.6)

31.1 0.2 (−2.8 to
3.2)

−11.3 −0.5 (−2.6 to
1.7)

.69 (.78) −17.5 −1.0 (−4.1 to
2.2)

.57 (.65)

Good or better 80.7 0.9 (0.2 to
1.7)

64.7 2.8 (0.3 to
5.2)

53.9 3.1 (−0.6 to
6.8)

15.9 −1.8 (−4.5 to
0.9)

.20 (.38) 26.8 −2.1 (−6.1 to
1.8)

.30 (.40)

Mortality rate, per 100 000e 1261.1 −11.3 (−43.7
to 21.1)

1902.6 −7.0 (−61.8 to
47.9)

1032.4 −9.3 (−61.9 to
43.4)

−641.5 −4.3 (−77.2 to
68.5)

.95 (.95) 228.7 −2.0 (−72.6 to
68.5)

.97 (.97)

a Columns present the expected mean at age 65 years, the age eligibility threshold for Medicare, which is based
on the local linear association between age and the outcome. The expected means contain the counterfactual
outcome at age 65 years in the absence of the treatment (ie, the expected outcome at age 65 years without
Medicare).

b Adjusted discontinuity estimates are in percentage points.
c Column presents the expected disparity at age 65 years, the age eligibility threshold for Medicare, which is

based on the local linear association between age and the outcomes for non-White and White populations. The

expected disparity subtracts the expected mean for non-White populations from the expected mean for White
populations at age 65 years.

d Benjamini-Hochberg–corrected P values are presented in parentheses.
e Mortality data are from the US Centers for Disease Control and Prevention Wide-Ranging Online Data for

Epidemiologic Research system. All other data are from the Behavioral Risk Factor Surveillance System. Because
these data are deidentified, they could not be linked.
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Table 2. Medicare Eligibility Age-Related Discontinuities in Racial and Ethnic Disparities in Coverage, Access, and Health

Characteristic

White individuals Black individuals Hispanic individuals Disparity

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

Expected
meana

Adjusted
discontinuity
(95% CI)b

White and Black individuals White and Hispanic individuals

Expected
disparityc

Adjusted
discontinuity in
disparity (95%
CI)b P valued

Expected
disparityc

Adjusted
discontinuity in
disparity
(95% CI)b P valued

Insurance coverage, % 92.0 6.5 (6.1 to
7.0)

86.3 9.5 (7.6 to
11.4)

77.4 13.9 (12.0 to
15.8)

5.7 −3.0 (−5.1 to
−0.9)

.003 (.01) 14.6 −7.4 (−9.5 to
−5.3)

<.001 (<.001)

Health care access, %

Have a usual source of care 92.2 1.3 (0.8 to
1.8)

91.0 2.5 (0.8 to
4.3)

81.7 4.4 (1.5 to
7.2)

1.2 −1.2 (−3.2 to
0.7)

.24 (.38) 10.5 −3.0 (−6.1 to
0.0)

.05 (.09)

Unable to see physician in past year
because of cost

8.1 −3.0 (−3.5 to
−2.5)

13.9 −4.5 (−6.6 to
−2.4)

19.5 −7.5 (−9.4 to
−5.6)

−5.8 1.5 (−0.8 to
3.8)

.22 (.38) −11.4 4.5 (2.4 to
6.7)

<.001 (<.001)

Received an influenza vaccination
in past year

53.5 2.2 (1.3 to
3.0)

42.5 2.8 (0.8 to
4.9)

45.4 7.0 (3.7 to
10.3)

11.0 −0.7 (−3.1 to
1.7)

.60 (.78) 8.1 −4.8 (−8.4 to
−1.3)

.007 (.01)

Health

Self-reported health, %

Poor 5.8 −0.2 (−0.7 to
0.3)

10.3 −2.6 (−4.0 to
−1.2)

14.8 −3.8 (−6.1 to
−1.4)

−4.4 2.4 (0.8 to
4.0)

.002 (.01) −8.9 3.6 (1.1 to
6.1)

.004 (.01)

Fair 13.6 −0.8 (−1.3 to
−0.3)

25.0 −0.3 (−2.3 to
1.6)

31.1 0.2 (−2.8 to
3.2)

−11.3 −0.5 (−2.6 to
1.7)

.69 (.78) −17.5 −1.0 (−4.1 to
2.2)

.57 (.65)

Good or better 80.7 0.9 (0.2 to
1.7)

64.7 2.8 (0.3 to
5.2)

53.9 3.1 (−0.6 to
6.8)

15.9 −1.8 (−4.5 to
0.9)

.20 (.38) 26.8 −2.1 (−6.1 to
1.8)

.30 (.40)

Mortality rate, per 100 000e 1261.1 −11.3 (−43.7
to 21.1)

1902.6 −7.0 (−61.8 to
47.9)

1032.4 −9.3 (−61.9 to
43.4)

−641.5 −4.3 (−77.2 to
68.5)

.95 (.95) 228.7 −2.0 (−72.6 to
68.5)

.97 (.97)

a Columns present the expected mean at age 65 years, the age eligibility threshold for Medicare, which is based
on the local linear association between age and the outcome. The expected means contain the counterfactual
outcome at age 65 years in the absence of the treatment (ie, the expected outcome at age 65 years without
Medicare).

b Adjusted discontinuity estimates are in percentage points.
c Column presents the expected disparity at age 65 years, the age eligibility threshold for Medicare, which is

based on the local linear association between age and the outcomes for non-White and White populations. The

expected disparity subtracts the expected mean for non-White populations from the expected mean for White
populations at age 65 years.

d Benjamini-Hochberg–corrected P values are presented in parentheses.
e Mortality data are from the US Centers for Disease Control and Prevention Wide-Ranging Online Data for

Epidemiologic Research system. All other data are from the Behavioral Risk Factor Surveillance System. Because
these data are deidentified, they could not be linked.
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Sensitivity analysis

Disparity with and without 

Medicare by regions

Figure 2. Changes in Racial and Ethnic Disparities in Health Insurance Rates at the Medicare Eligibility Age by Region
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The left panel plots the size (and confidence intervals) of the immediate
reduction in uninsurance rates (ie, the adjusted discontinuity) at the national
level and separately by census regions for each racial and ethnic group. In the
right panel, regression discontinuity estimates the adjusted disparities for
individuals age 65 years right before Medicare eligibility (in solid) and right after
Medicare eligibility (in hollow). The black vertical dotted line is the 0 disparity

line; to the left a comparison of the mean outcome for White respondents and
racial and ethnic minority respondents indicates that White respondents were
better off.
a Adjusted discontinuity in the disparity (the difference between the 2 points) is

statistically significant at the 5% level.

Figure 3. Changes in Racial and Ethnic Disparities in Coverage, Access, and Health Around the Medicare Eligibility Age Pre-ACA vs Post-ACA
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For each outcome, regression discontinuity estimates the adjusted disparities
for individuals age 65 years right before Medicare eligibility (in solid triangles)
and right after Medicare eligibility (in open triangles) before and after the
implementation of the US Affordable Care Act (ACA). The black vertical dotted
line is the 0 disparity line; to the left a comparison of the mean outcome for
White respondents and racial and ethnic minority groups indicates that White
respondents are better off. Panel A shows how the disparity between White and

Black respondents changes at age 65 years; panel B shows how the disparity
between White and Hispanic respondents changed at age 65 years; and pp
indicates percentage points.
a Adjusted discontinuity in the disparity (the difference between the 2 points) is

statistically significant at the 5% level.
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Conclusion

• Eligibility for Medicare at age 65 yrs was associated with 

• Reductions in racial and ethnic disparities in coverage, 
access, and health, but not mortality 

• Reduction in racial and ethnic disparities in 
economically, politically, and geographically diverse 
states
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Regression discontinuity designs in healthcare research
Atheendar S Venkataramani,1 Jacob Bor,2 Anupam B Jena3 

Clinical decisions are often driven by 
decision rules premised around 
specific thresholds. Specific 
laboratory measurements, dates, or 
policy eligibility criteria create cut-offs 
at which people become eligible for 
certain treatments or health services. 
The regression discontinuity design is 
a statistical approach that utilizes 
threshold based decision making to 
derive compelling causal estimates of 
different interventions. In this review, 
we argue that regression discontinuity 
is underutilized in healthcare research 
despite the ubiquity of threshold 
based decision making as well as the 
design’s simplicity and transparency. 
Moreover, regression discontinuity 
provides evidence of “real world” 
therapeutic and policy effects, 
circumventing a major limitation of 
randomized controlled trials. We 
discuss the implementation, 
strengths, and weaknesses of 
regression discontinuity and review 
several examples from clinical 
medicine, public health, and health 
policy. We conclude by discussing the 
wide array of open research questions 
for which regression discontinuity 
stands to provide meaningful insights 
to clinicians and policymakers.

Randomized controlled trials have long considered the 
ideal means of assessing causal relations in medicine 
and health policy. However, not all clinical or policy 
questions can effectively be approached with experi-
mental methods, owing to financial or ethical con-
straints or concerns about real world generalizability. 
As a result, investigators have increasingly relied on 
quasi-experimental study designs.1 2

The regression discontinuity design is one such 
 quasi-experimental method. Regression discontinuity 
takes advantage of clinical or policy decision rules in 
which people are differentially assigned to a treatment 
or intervention if they fall above or below an arbitrary 
cut-off for a continuous variable.3 4  Such situations 
abound in healthcare. For example, decisions to initiate 
antihypertensive treatment, transfuse blood products, 
or screen for colorectal cancer are often driven by deci-
sion rules premised on specific thresholds (some of 
which are controversial and in need of evaluation).5 6 
Similarly, eligibility for public sector health insurance 
in the United States is contingent on specific age and/or 
income based cut-offs.

Though both the ubiquity of clinical and policy deci-
sion rules and the high degree of internal validity of 
regression discontinuity makes the method “tai-
lor-made” for healthcare research, it has been 
underutilized.4 In addition to a lack of familiarity with 
regression discontinuity, underutilization may be 
driven by an unclear sense of the kinds of questions to 
which regression discontinuity may be applied as well 
as the types of cut-offs that can be exploited for causal 
inference.

In this article, we describe regression discontinuity 
and its strengths and weaknesses and characterize the 
diversity of research questions to which this design 
applies (in the domains of clinical medicine, public 
health and prevention, and health policy) and the 
numerous types of thresholds and decision rules that 
can be employed. Our goal is to inspire investigators to 
assess more habitually, whether a regression disconti-
nuity approach can strengthen the causal likelihood of 
an observed empirical association by illustrating the 
versatility of the method in answering a wide array of 
research questions in clinical and health policy 
research.

Treatment assignment and analysis
Assignment to treatment by an arbitrary cut-off in 
regression discontinuity can either be “sharp” or be 
“fuzzy.”3 4 7-9  In sharp regression discontinuity, the 
probability of receiving treatment jumps determinis-
tically from 0 to 1 at the cut-off. All people on one 
side of the cut-off receive treatment and those on the 
other side  not. The treatment effect in the sharp 
regression discontinuity is estimated by comparing 
outcomes for those “just above” the cut-off to those 

SUMMARY POINTS
Treatment decisions and interventions are often based on specific measurement, 
laboratory, timing, or eligibility cut-offs
The regression discontinuity design is a statistical approach that utilizes threshold 
based decision making to estimate causal estimates of different interventions
Regression discontinuity is relatively simple to implement, transparent, and 
provides “real world” effects of treatments and policies
Despite the ubiquity of threshold based decision making in healthcare, regression 
discontinuity is underutilized
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Future opportunities

• Clinical area that are active controversies around a 
specific clinical guideline or little evidence of the real 
world effects of a particular treatment 

• Blood pressure targets for some specific populations 

• Cardiac resynchronization treatment

the bmj | BMJ 2016;352:i1216 | doi: 10.1136/bmj.i1216
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 outcomes for the mother or the child, but resulted 
in  substantially greater costs. Collectively, these 
studies, as well as others using regression discon-
tinuity to illustrate wide ranging impacts of 
 insurance,29 30 exemplify how different types of 
regression discontinuity can be used to evaluate 
similar  questions.

Future opportunities
The approaches discussed in this article highlight the 
diversity of questions that can be addressed using 
regression discontinuity designs. They also illustrate 
how the vast range of decision thresholds in health-
care can be utilized to bolster the causal likelihood of 
observed empirical associations. Because of the poten-
tial breadth of options available, investigators focus-
ing on clinical questions for which experiments are 
not ethically or financially feasible or for which the 
external validity is uncertain should assess whether 
regression discontinuity approaches are possible and 
credible before turning to other observational 
approaches. They should do so keeping in mind that 
factors as diverse as decision rules based on clinical 
variables; temporal changes in guidelines or reim-
bursement policies; income, age, and other eligibility 
thresholds; or geographic location may all be valid 
cut-offs for analysis.

Several future opportunities remain for the applica-
tion of regression discontinuity approaches. Table 2  
highlights several clinical areas where there are 
active controversies around a specific clinical guide-
line or little evidence of the real world effects of a 
particular treatment.31  For example, blood pressure 
targets for some patient populations (eg, adults with 
diabetes) continue to be based on expert opinion. 
Regression discontinuity studies using specific blood 
pressure cut-offs can be used to strengthen evidence 
based guidelines in these areas.6 Another example is 
cardiac resynchronization treatment, which has been 
shown to be effective in clinical trials of patients with 
left ventricular systolic dysfunction (ejection fraction 
<35%) and QRS prolongation (>120 ms) on resting 
electrocardiograms. However, real world evidence in 
specific populations may be  bolstered by comparing 
implantation rates with cardiac resynchronization 
treatment, hospital admissions for heart failure, and 
all cause morbidity and mortality for patients with 

duration of the QRS complex just above versus just 
below a cut-off of 120 ms.

Conclusion
The preponderance of clinical decision thresholds and 
changes in policy guidelines provide a rich basis for 
the application of regression discontinuity. The regres-
sion discontinuity design has a number of distinct 
advantages, even over randomized trials. It can be 
deployed where clinical trials are not feasible and, 
unlike randomized controlled trials, allows for an 
assessment of real world impacts. Though regression 
discontinuity requires large sample sizes, this design 
would be sufficiently powered for several existing clin-
ical and administrative databases. The time is oppor-
tune for growth of regression discontinuity based 
studies in healthcare.
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Table 2 | Potential clinical questions that can be addressed by regression discontinuity designs and proposed approach
Clinical questions Threshold rules Outcomes
What are optimal blood pressure goals for specific 
subpopulations, such as adults with diabetes?

Compare outcomes for people above and below systolic and diastolic blood 
pressure for different guideline based thresholds (which have changed 
over time)

Cardiovascular events, mortality

What is the optimal fluid resuscitation strategy in 
patients with sepsis?

Compare outcomes across different central venous pressure thresholds (which 
may vary across time, institutions)

Length of stay on intensive care 
unit stay, mortality

Are steroids appropriate in patients with alcoholic 
hepatitis and infections?

Compare outcomes for patients with both alcoholic hepatitis and infections just 
above and just below the Maddrey discriminant cut-off of 32 (above which 
steroids are indicated)

Mortality

Is liberal or conservative transfusion more 
appropriate in acute coronary syndromes?

Compare outcomes across different transfusion thresholds (such as hemoglobin 
<8 mg/L), which may vary across institutions and over time

Length of stay, mortality

What are the real world effects of cardiac 
resynchronization therapy?

Compare outcomes just above and just below a QRS complex duration of 120 ms 
(indication for cardiac resynchronization therapy placement)

Hospital admissions for heart 
failure, quality of life
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Conclusion

• RDD 

• Applied where clinical trials are not feasible 

• Allows for assessment of real world impact 

• Requires large sample sizes
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