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The sweeping health reform initiative in Mas-
sachusetts, An Act Providing Access to Af-
fordable, Quality, Accountable Health Care
(enacted April 12, 2006),1 provides a natural
experiment with outcomes that may fore-
shadow those of the comprehensive national
health reform President Obama signed into law
4 years later. The Patient Protection and
Affordable Care Act (enacted March 23,
2010)2 and amendments in the Health Care
and Education Reconciliation Act (enacted
March 30, 2010),3 are collectively referred to
as the Affordable Care Act (ACA).

This landmark federal law includes provi-
sions to strengthen the public health system,
provide mandatory funding for prevention and
wellness programs and activities, strengthen
the Medicare program, implement insurance
market reforms, bolster public health and
primary care workforce, and improve the
overall quality of the nation’s health system.
The act focuses on expanding health insurance
coverage and improving the health care de-
livery system beginning with incremental re-
forms in 2010 and following up with more
substantial changes such as individual man-
dates, employer requirements, expansion of
public programs, premium and cost-sharing
subsidies to individuals, premium subsidies to
employers, tax changes, and health insurance
exchanges in 2014. Importantly, the law also
prevents insurers from denying health insur-
ance coverage or charging higher premiums on
the basis of health status.4,5 The Congressional
Budget Office estimates that, when fully
implemented in 2019, ACA will provide cov-
erage to an additional 32 million Americans
leaving about 23 million nonelderly people
uninsured.6

Systematic reviews of the literature on the
impact of health insurance on health care
utilization and health outcomes provide some
convincing and some nuanced conclusions.

These reviews consistently report evidence of
increased utilization of physician and preven-
tive services, improvements in the health of
vulnerable populations, and lower mortality,
conditional on injury and disease; however,
how health insurance affects health outcomes
for nonelderly adults remains unclear.7,8

From a public health perspective, monitor-
ing implementation of ACA at federal, state,
and local levels will be important because this
act will change health insurance coverage and
access to care, and uptake of care, including
preventive services and needed treatment; may
alter health care finance and payment struc-
tures and care delivery systems as well as
health expenditures; and may modify individ-
ual and population outcomes of care and health
status. Studying the effects of health insurance
would ideally rely on experimental evidence7

where health insurance was randomly assigned
like the RAND Health Insurance Experiment
and the Oregon Medicaid Lottery.9,10 In the

absence of randomized experiments, owing to
ethical and practical considerations, the need
for conducting some social experiments or
other approaches to infer causal conclusions
from observational data are essential.7,11

Fortunately, a natural experiment of near
universal health insurance coverage combined
with a targeted public health intervention has
been unfolding in Massachusetts for more than
3 years and has been the subject of many
studies. Researchers have studied various as-
pects of the impact of Massachusetts health
reform, after 1 year,12 over the short term,
comparing 18 months before and 18 months
after the reform,13 on young adults and chil-
dren,14,15 and even the effects of the reces-
sion.16 This evolving new body of research
leaves a gap in our understanding of the impact
of health reform by perceived health care
need. We examined the impact of the Massa-
chusetts health reform and its public health
component on change in health insurance
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coverage by perceived health. We examined
the impact of the natural experiment in Massa-
chusetts as a model to predict likely outcomes of
implementing ACA. Because Medicare already
covers most of those aged 65 years and older
we compared the effectiveness of mandatory
versus optional health insurance among only
the nonelderly adult population (aged 18---64
years) residing in Massachusetts and other New
England states (Connecticut, Maine, New
Hampshire, Rhode Island, and Vermont).

To do this, we compared data between the 3
years (2003---2005) before and the 3 years
(2007---2009) after Massachusetts enacted the
health reform law and between Massachusetts
and other New England states that had no
similar health reform laws. Massachusetts and
other New England states had similar socio-
demographic population characteristics and
macroeconomic profiles (e.g., gross domestic
product, unemployment rates) over this time
period, including a similar impact of 2 years of
recession (2007---2009).17,18 This allows not
only “before-versus-after” but also “with-
versus-without” analyses, a strategy employed
by other researchers to explicate the impact of
health reform laws and policy as a control for
other elements.16,19

We used the Behavioral Risk Factor Sur-
veillance System (BRFSS), the largest and
longest-running state-representative,
population-based telephone survey that has
asked questions about health insurance cover-
age, health-promoting and health-compromising
behaviors, and doctor-diagnosed chronic con-
ditions. Existing federal government and
state-sponsored surveys generate different es-
timates of uninsurance possibly explained by
differences in survey design including cover-
age, reference period, mode, and questionnaire
design (wording and placement of ques-
tions).20---22 First, we established the quality
and the consistency of BRFSS health insurance
coverage estimates by comparing these esti-
mates for selected demographic and socioeco-
nomic characteristics with other federal sur-
veys that gather data on health insurance—the
American Community Survey (ACS), the An-
nual Social and Economic Supplement to
the Current Population Survey (CPS ASEC),
and the National Health Interview Survey
(NHIS). The US Census Bureau added a ques-
tion about health insurance to the 2008 ACS

leading to the release of the first set of estimates
in September 2009.23 The CPS ASEC is the
most widely cited source for health
insurance statistics. It is annual, timely, rela-
tively large, and has a state-based design. The
NHIS is a continuing nationwide survey con-
ducted by the National Center for Health
Statistics.23

We hypothesized a greater increase in the
proportion of nonelderly adults with health
insurance coverage in Massachusetts than in
other New England states. We further hypoth-
esized that nonelderly adults with greater
perceived health care needs would be more
likely to obtain health insurance coverage.
Groups with greater perceived health care
need would show a larger increase in health
insurance coverage from prereform to postre-
form and in Massachusetts compared with
other New England states.

METHODS

The BRFSS is a state-based, random-digit-
dialed telephone survey. The objective of the
BRFSS is to collect uniform, state-specific data
on preventive health practices and risk behav-
iors linked to chronic diseases, injuries, and
preventable infectious diseases in the adult
population.24,25 The BRFSS questionnaire
consists of 4 parts: (1) core questions asked in all
50 states and the District of Columbia each
year; (2) a rotating set of core questions asked
in all 50 states and the District of Columbia
every alternate year; (3) supplemental mod-
ules, a series of questions on specific topics (e.g.,
adult asthma history, intimate partner violence,
mental health) asked by some states; and (4)
state-added questions, unique to a state. Except
for state-added questions, all BRFSS question-
naires, data, and reports are available at http://
www.cdc.gov/brfss.

As part of the BRFSS survey, trained in-
terviewers administer identical questionnaires
over the telephone to an independent proba-
bility sample. This report is based on data from
182 852 nonelderly adult (aged 18---64 years)
participants in BRFSS for the years 2003
through 2009 (excluding 2006) residing in
Massachusetts and other New England states.
First, we grouped BRFSS data from 2003 to
2005 as representing the prereform period
and 2007 to 2009 as the postreform period.

We then considered Massachusetts respon-
dents as “exposed” to health care reform and
those in other New England states as “unex-
posed” to this reform.

Current Health Insurance Coverage and

Perceived Health Care Need

We defined current health insurance cover-
age status as a “Yes” answer to the question,
“Do you have any kind of health care coverage,
including health insurance, prepaid plans
such as HMOs, or government plans such as
Medicare?”

The Centers for Disease Control and Pre-
vention Health-Related Quality of Life-4 mea-
sures (also known as the Healthy Days mea-
sures) have demonstrated reliability and
validity for population health surveillance. The
measures predict health care use in addition
to morbidity and mortality, and are associated
with chronic diseases, disability, risky health
behaviors, and sociodemographic factors.26,27

We used 3 of these measures as proxies for
perceived health. Answers to the question
“Now thinking about your physical health,
which includes physical illness and injury, for
how many days during the past 30 days was
your physical health not good?” defined
physically unhealthy days. Answers to the
question “Now thinking about your mental
health, which includes stress, depression, and
problems with emotions, for how many days
during the past 30 days was your mental health
not good?” defined mentally unhealthy days.
Finally, answers to the question “During the
past 30 days, for about how many days did
poor physical or mental health keep you from
doing your usual activities, such as self-care,
work, or recreation?” defined activity limitation
days. For analysis, we dichotomized the an-
swers to these 3 questions at 14 or more days
and at 13 or fewer days. These questions are
useful for identifying perceived health among
demographic and socioeconomic subpopula-
tions, characterizing the symptomatic burden of
disabilities and chronic diseases, and tracking
population patterns and trends.28

Andersen’s Behavioral Model of Health
Services Use relates people’s use of health ser-
vices to (1) their predisposition to use these
services (demographic and social structure),
(2) factors enabling or impeding service use
(necessary but not sufficient), and (3) their
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perceived need for service. We extended the
use of Andersen’s model to inform the selection
of control variables, namely predisposing and
enabling factors (age, gender, race/ethnicity,
educational attainment, marital status, and
employment status) known to be associated
with obtaining health insurance coverage.
Andersen’s model explains large observed dis-
parities in the amount (frequency, duration)
and quality of health care received.29---31

Statistical Analyses

We compared health insurance coverage
before and after implementation of health re-
form law in Massachusetts, using difference-in-
differences (DD) and difference-in-difference-
in-differences (DDD) methods to examine the
overall trend and the underlying trends in
insurance coverage stratified by the levels of
perceived health status.32---34 This estimation
approach exploits variation over time (com-
paring pre- and postreform time periods),
across states (comparing Massachusetts to
other New England states), and between pop-
ulation groups (comparing perceived health
care need status). Difference-in-differences or
double difference is based on the precondition
that outcome data are available for these states
before and after the implementation of the
Massachusetts health reform law.

To estimate the overall impact of health
reform on health insurance coverage, we
compared the change in health insurance cov-
erage for adults aged 18 to 64 years in
Massachusetts between prereform and postre-
form periods and for a similar group in other
New England states using a DD framework. We
used other New England states as the compar-
ison group of neighboring states to control for
underlying secular trends in insurance cover-
age not related to health reform and also
adjusted for sociodemographic factors known
to influence health insurance coverage such as
age, gender, race/ethnicity, education, marital
status, and employment status. To estimate the
marginal impact of perceived health care
need (14 or more physically unhealthy days
[PUD+] or mentally unhealthy days [MUD+])
and physical activity limitations (14 or
more activity limitation days [ALD+]), we use
a DD framework to compare changes over time
in health insurance coverage for nonelderly
adults with higher perceived-care need or

physical activity limitations to changes over
time for nonelderly adults without perceived
health care need or physical activity limitations
(13 or fewer physically unhealthy days [PUD-],
mentally unhealthy days [MUD-], or activity
limitation days [ALD-]) in Massachusetts.

We tested the hypothesis that nonelderly
adults with higher perceived health care need
or physical activity limitations would have
larger increases in health insurance coverage.
We then extended the analysis to control for
underlying trends in health insurance coverage
not related to health reform by comparing the

DD estimate in Massachusetts to an analogous
DD estimate for other New England states,
using a DDD framework (Appendix A, avail-
able as a supplement to the online version of
this article at http://www.ajph.org). We imple-
mented these analyses both unadjusted and
adjusted for age, gender, race/ethnicity, edu-
cation, and employment, factors known to in-
fluence health insurance coverage. We used
logistic regression to implement adjusted anal-
yses and estimate the adjusted prevalence of
health insurance and their 95% confidence
intervals (CIs). We used SUDAAN software

TABLE 1—Sociodemographic Characteristics of the Nonelderly Adult Civilian

Noninstitutionalized Population in BRFSS by Prereform (2003–2005) and Postreform

(2007–2009) Status in Massachusetts and Other New England States

Massachusetts (n = 60 388) Other New England States (n = 122 464)

Characteristic

Prereform

(n = 19 326),

% (95% CI)

Postreform

(n = 41 062),

% (95% CI)

Prereform

(n = 55 564),

% (95% CI)

Postreform

(n = 66 900),

% (95% CI)

Age, y

18–34 33.8 (32.8, 34.9) 30.4 (29.5, 31.3) 31.2 (30.5, 31.8) 30.2 (29.5, 30.9)

35–64 66.2 (65.2, 67.2) 69.6 (68.7, 70.5) 68.9 (68.2, 69.5) 69.8 (69.1, 70.5)

Gender

Male 49.2 (48.2, 50.2) 49.1 (48.3, 49.9) 49.5 (48.9, 50.1) 49.6 (49.0, 50.2)

Female 50.8 (49.8, 51.8) 50.9 (50.1, 51.7) 50.6 (50.0, 51.2) 50.4 (49.8, 51.0)

Race/ethnicity

White, non-Hispanic 81.6 (80.8, 82.4) 78.3 (77.5, 79.0) 86.9 (86.5, 87.4) 87.1 (86.6, 87.6)

Black, non-Hispanic 4.0 (3.6, 4.3) 5.3 (4.9, 5.6) 3.0 (2.8, 3.3) 2.8 (2.6, 3.1)

Hispanic 9.2 (8.7, 9.9) 9.3 (8.8, 9.8) 5.9 (5.6, 6.3) 5.7 (5.3, 6.0)

Other, non-Hispanica 5.2 (4.7, 5.7) 7.2 (6.7, 7.7) 4.1 (3.8, 4.4) 4.4 (4.1, 4.8)

Marital status

Currently married 56.6 (55.7, 57.6) 61.0 (60.2, 61.8) 60.4 (59.8, 61.0) 62.4 (61.8, 63.1)

Previously marriedb 12.4 (11.8, 12.9) 11.2 (10.8, 11.6) 13.2 (12.9, 13.5) 11.5 (11.2, 11.8)

Never marriedc 31.0 (30.0, 32.0) 27.8 (26.9, 28.6) 26.4 (25.8, 27.0) 26.0 (25.4, 26.7)

Educational attainment

< high school 7.3 (6.8, 7.9) 6.4 (6.0, 6.9) 6.7 (6.4, 7.0) 5.2 (4.9, 5.5)

‡ high school 23.3 (22.5, 24.2) 22.9 (22.2, 23.6) 27.8 (27.3, 28.4) 25.4 (24.8, 25.9)

‡ some college 69.4 (68.5, 70.3) 70.7 (70.0, 71.5) 65.5 (63.9, 66.1) 69.4 (68.8, 70.0)

Employment status

Employed 73.8 (72.9, 74.7) 75.2 (74.5, 75.9) 75.6 (75.1, 76.2) 74.1 (73.6, 74.7)

Unemployedd 18.9 (18.1, 19.7) 17.2 (16.5, 17.9) 16.8 (16.3, 17.3) 17.9 (17.3, 18.4)

Retired 3.0 (2.8, 3.3) 2.8 (2.7, 3.0) 3.5 (3.3, 3.7) 3.6 (3.4, 3.8)

Unable to work 4.3 (4.0, 4.7) 4.8 (4.5, 5.1) 4.1 (3.9, 4.3) 4.4 (4.2, 4.6)

Note. BRFSS = Behavioral Risk Factor Surveillance System; CI = confidence interval.
aAsian, non-Hispanic; Native Hawaiian/Pacific Islander, non-Hispanic; American Indian/Alaska Native, non-Hispanic; other
race, non-Hispanic; multirace, non-Hispanic.
bIncludes persons divorced, widowed, and separated.
cIncludes unmarried couples.
dIncludes persons out of work, homemakers, and students.
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(release 9.0.1, Research Triangle Institute, Re-
search Triangle Park, NC) to account for the
complex sample design of the BRFSS.

RESULTS

The 2008 health insurance coverage esti-
mates for nonelderly adults ranged from
79.7% (CPS ASEC) to 82.1% (BRFSS; Table A,
available as a supplement to the online version
of this article at http://www.ajph.org). The
pattern in the health insurance coverage esti-
mates from BRFSS, across levels of sociode-
mographic characteristics, was similar to esti-
mates from ACS, CPS ASEC, and NHIS.35

Groups with less education, the unemployed,
and those not currently married had lower
proportions with health insurance coverage.
Sociodemographic characteristics of the non-
elderly adult civilian noninstitutionalized popu-
lation in BRFSS by pre- and postreform periods
in Massachusetts and other New England states
were similar with a notable exception in the
distribution by race/ethnicity (Table 1).

Health insurance coverage in Massachusetts
was 88.7% prereform (2003---2005; 95%
CI = 88.0, 89.3) and 93.9% postreform
(2007---2009; 95% CI = 93.4, 94.3), a statisti-
cally significant increase of 5.2% (95%CI = 4.4,
6.1; P< .001; Figure 1; Table 2). Between
prereform and postreform in Massachusetts,
other New England states had a statistically
significant increase in health insurance coverage
of 0.7% (95% CI = 0.1, 1.3; P< .05). The
overall unadjusted health insurance coverage in
Massachusetts increased statistically signifi-
cantly more than that in other New England
states by 4.5% (95% CI = 3.5, 5.6; P< .001).
After adjustment, the increase in coverage over
time within Massachusetts was 4.7% (95%
CI = 3.9, 5.4) whereas within other New En-
gland states there was a statistically nonsignif-
icant increase of 0.1% (95% CI = –0.6, 0.7)
resulting in a statistically significant difference
in increase (DD between Massachusetts and
other New England states and between post-
reform and prereform) of 4.6% (95% CI = 3.6,
5.6; P< 0.001; Table 3).

The unadjusted percentages of health in-
surance coverage in Massachusetts increased
statistically significantly (P< .001) from the
prereform period to the postreform period for
those with more or less MUDs, PUDs, and

ALDs (range = 4.9%---9.5%; Table 2). Adjust-
ing for potential confounders somewhat atten-
uated these increases over time but remained
statistically significant (P< .001; range =
4.5%---7.7%; Table 3). In other New England
states, health care coverage increased statisti-
cally significantly over time only for those with
PUD- (0.7%; 95% CI = 0.0, 1.3; P< .05) and
those with ALD- (0.7%; 95% CI = 0.1, 1.4;
P< .05); after adjustment, these increases were
no longer statistically significant (Table 3).

Both before and after adjustment, the in-
crease in health insurance coverage over time
in Massachusetts significantly exceeded that for
other New England states among all groups
of perceived health (those with more or fewer
MUDs, PUDs, and recent ALDs; unadjusted
increases from 4.3% to 9.0% [Table 2] and
adjusted increases from 4.4% to 7.7% [Table
3], both statistically significant at P< .001).

Before reform in Massachusetts, the differ-
ence in health insurance coverage between

those with MUD+ and MUD- was –6.2% (95%
CI=–8.6, –3.8), and between those with ALD+
and ALD- was –5.3% (95% CI = –8.7, –1.9;
P< .001; Table 2). After adjustment, these
differences were attenuated for MUDs (---2.6%;
95% CI = –4.6, –0.7; P< .05) and for recent
ALDs (---2.8%; 95% CI = –5.5, 0.0; P< .05;
Table 3).

After reform in Massachusetts, health insur-
ance coverage for only those with MUD+
(91.9%; 95% CI = 90.4, 93.1) remained lower
than that for those with MUD- (94.3%; 95%
CI = 93.8, 94.7), a statistically significant
difference of –2.4% (95% CI = –3.8, –1.0;
P < .001; Table 2); after adjustment for po-
tential confounders this difference was attenu-
ated and no longer statistically significant
(---1.1%; 95% CI = –2.3, 0.2; Table 3). After
the Massachusetts reform, in other New
England states, health insurance coverage
among those with MUD+ (83.3%; 95% CI =
81.8, 84.6), PUD+ (84.0%; 95% CI=82.3, 85.5),
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FIGURE 1—Changes in health insurance coverage among nonelderly adults (18–64 years),

residing in Massachusetts and other New England states, between prereform (2003–2005)

and postreform (2007–2009) periods.

RESEARCH AND PRACTICE

e110 | Research and Practice | Peer Reviewed | Dhingra et al. American Journal of Public Health | June 2013, Vol 103, No. 6

http://www.ajph.org


and ALD+ (84.0%; 95% CI = 82.1, 85.8)
remained significantly less than that among
those with MUD- (88.5%; 95% CI = 88.0,
88.9), PUD- (88.3%; 95% CI = 87.8, 88.8),
and ALD- (88.2%; 95% CI = 87.7, 88.6) with
statistically significant differences of –5.2% (95%
CI=–6.7, –3.7), –4.3% (95% CI=–5.9, –2.6),
and –4.1% (95% CI = –6.0, –2.2), respectively
(Table 2); adjustment for potential confounders
reduced all these differences about 2%, but
these differences remained statistically signifi-
cant (Table 3).

In Massachusetts, health insurance coverage
increased statistically significantly over time for
those with MUD+ (8.7%; 95% CI = 6.0, 11.4)
than those with MUD- (4.9%; 95% CI = 4.1,
5.7; P< .001), for those with PUD+ (6.1%;
95% CI = 3.5, 8.6) than those with PUD-
(5.3%; 95% CI = 4.4, 6.1; P< .001), and for
those with ALD+ (9.5%; 95% CI = 5.8, 13.2)
than those with ALD- (5.1%; 95% CI = 4.2,
5.9; P< .001; Table 2); adjustment for poten-
tial confounders attenuated these increases
over time, but these increases remained statis-
tically significant (P< .001; Table 3). In other
New England states, health insurance coverage

increased statistically significantly for those
with PUD- (0.7; P< .05) and those with ALD-
(0.7; P< .05; Table 2), but after adjustment,
these increases were not statistically significant
(Table 3).

Health insurance coverage in Massachusetts
increased statistically significantly (P< .001)
more than that in other New England states
from before the Massachusetts reform to after
this reform overall (4.5%; 95% CI = 3.5, 5.6;
P< .001); in groups with MUD+ (6.8%; 95%
CI = 3.4, 10.3; P< .001) and MUD- (4.4%;
95% CI = 3.3, 5.5; P< .001); in groups with
PUD+ (5.9%; 95% CI = 2.5, 9.2; P< .001) and
PUD- (4.6%; 95% CI = 3.6---5.7; P< .001); and
in groups with ALD+ (9.0%; 95% CI = 4.5,
13.5; P< .001) and ALD- (4.3%; 95% CI = 3.3,
5.4; P< .001). These statistically significant in-
creases persisted after adjustment.

DISCUSSION

We found that health care coverage in-
creased markedly and statistically significantly
in Massachusetts between 2006 and 2010
after passage of a health reform law, the Act

Providing Access to Affordable, Quality, Ac-
countable Health Care, than in other New
England states. This increase was strong and
statistically significant for those most in need of
health care such as individuals reporting poor
mental health, poor physical health, and more
limitations in their activities because of poor
physical or mental health. By comparing
changes in health insurance coverage before
and after reform, between Massachusetts,
where this reform occurred, and other New
England states where it did not, and after
adjusting for sociodemographic factors affect-
ing health insurance coverage, the evidence
indicates that these increases in health care
coverage in Massachusetts may have resulted
from the health reform enacted there. An
additional 5.24% of the nonelderly adult pop-
ulation in Massachusetts received new health
insurance coverage between prereform
(2003---2005) and postreform (2007---2009)
periods, and an additional 0.71% of the non-
elderly adults in other New England states
received such coverage during the same period.

Results from this study suggest that popu-
lations with poorer perceived health (MUD+,

TABLE 2—Health Insurance Coverage and Change Between Prereform (2003–2005) and Postreform Period

(2007–2009), and Massachusetts and Other New England States Stratified by Proxy Measures of Health Care Need

Massachusetts (n = 60 388) Other New England States (n = 122 464)

Variable

2007–2009 Postreform,

% (95% CI)

2003–2005 Prereform,

% (95% CI)

Differences and DD,a

% (95% CI)

2007–2009 Postreform,

% (95% CI)

2003–2005 Prereform,

% (95% CI)

Differences and DD,a

% (95% CI)

DDb and DDD,c

% (95% CI)

All (n = 182 852) 93.9 (93.4, 94.3) 88.7 (88.0, 89.3) 5.2** (4.4, 6.1) 87.9 (87.4, 88.3) 87.2 (86.7, 87.6) 0.7* (0.1, 1.3) 4.5** (3.5, 5.6)

Mentally unhealthy days

‡ 14 d (n = 21 108) 91.9 (90.4, 93.1) 83.2 (80.7, 85.4) 8.7** (6.0, 11.4) 83.3 (81.8, 84.6) 81.4 (79.8, 82.9) 1.8 (-0.3, 4.0) 6.8** (3.4, 10.3)

< 14 d (n = 159 629) 94.3 (93.8, 94.7) 89.4 (88.7, 90.1) 4.9** (4.1, 5.7) 88.5 (88.0, 88.9) 88.0 (87.5, 88.4) 0.5 (-0.2, 1.1) 4.4** (3.3, 5.5)

Differences and DDd -2.4** (-3.8, -1.0) -6.2** (-8.6, -3.8) 3.8* (1.0, 6.6) -5.2** (-6.7, -3.7) -6.6** (-8.2, -4.9) 1.4 (-0.9, 3.6) 2.4 (-1.2, 6.0)

Physically unhealthy days

‡ 14 d (n = 18 982) 93.1 (91.7, 94.2) 87.0 (84.7, 89.1) 6.1** (3.5, 8.6) 84.0 (82.3, 85.5) 83.8 (82.2, 85.3) 0.2 (-2.0, 2.4) 5.9** (2.5, 9.2)

< 14 d (n = 161 925) 94.1 (93.6, 94.5) 88.8 (88.1, 89.5) 5.3** (4.4, 6.1) 88.3 (87.8, 88.8) 87.6 (87.2, 88.1) 0.7* (0.0, 1.3) 4.6** (3.6, 5.7)

Differences and DDc -1.0 (-2.3, 0.4) -1.8 (-4.1, 0.5) 0.8 (-1.9, 3.5) -4.3** (-5.9, -2.6) -3.8** (-5.4, -2.2) -0.5 (-2.8, 1.8) 1.3 (-2.3, 4.8)

Activity limitation days

‡ 14 d (n = 13 086) 93.2 (91.5, 94.6) 83.7 (80.1, 86.8) 9.5** (5.8, 13.2) 84.0 (82.1, 85.8) 83.6 (81.6, 85.4) 0.5 (-2.1, 3.1) 9.0** (4.5, 13.5)

< 14 d (n = 168 602) 94.0 (93.6, 94.5) 89.0 (88.3, 89.7) 5.1** (4.2, 5.9) 88.2 (87.7, 88.6) 87.4 (87.0, 87.9) 0.7* (0.1, 1.4) 4.3** (3.3, 5.4)

Differences and DDd -0.9 (-2.5, 0.8) -5.3,** (-8.7, -1.9) 4.4* (0.6, 8.2) -4.1** (-6.0, -2.2) -3.9** (-5.8, -1.9) -0.2 (-2.9, 2.5) 4.7* (0.0, 9.3)

Note. CI = confidence interval; DD = difference-in-differences; DDD = difference-in-difference-in-differences. Coverage percentages represent unadjusted estimates.
aDifference-in-differences (postreform minus prereform).
bDifference-in-differences (Massachusetts minus other New England states).
cDifference-in-difference-in-differences (DDb ‡ 14 days minus DDd < 14 days).
dDifference-in-differences (‡ 14 days minus < 14 days).
*P < .05; **P < .001.
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PUD+, and ALD+) were more likely to pur-
chase insurance than those with better per-
ceived health (MUD-, PUD-, and ALD-).
Previous research suggests that insurance
companies have been more likely to deny or
charge more for health insurance to those with
preexisting conditions.36 This practice results
in a pool of uninsured persons, comprised of
young healthy individuals self-selecting to
forgo health insurance coverage, those with
pre-existing conditions who have been denied
health insurance coverage, and those who
cannot afford the premiums for health insur-
ance coverage. Because health insurance cov-
erage in subpopulations with poor mental
health and limited activities because of poor
physical or mental health increased dispropor-
tionately after health care reform in Massa-
chusetts compared with other New England
states, it is possible such a practice may have
existed before this reform took place.

Because this study included only the non-
elderly adult population (because most of those
aged 65 years and older have health insurance
coverage under Medicare) and aggregated over
the prereform and postreform periods, it is not

directly comparable with the other studies cited
earlier. Furthermore, another BRFSS-based
study that used additional state-added ques-
tions (not asked by other states) reported
higher health insurance coverage than this
study based on the single question in the
BRFSS core questionnaire.13 In our study,
88.7% of Massachusetts nonelderly adult res-
idents had coverage before reform, compared
with 87.2% in other New England states, but
well above that in most other states, possibly an
advantage for Massachusetts in achieving high
absolute compliance. The postreform insur-
ance estimate of 93.9% among nonelderly
adults in Massachusetts varies from other
estimates of 97.4%37 to 96.3%13 to 95.2%16

possibly because of differences in survey de-
sign including coverage, reference period,
mode, and questionnaire design.20---22 Never-
theless, the change in coverage in this study is
about the same size and in the same direction
as that in other studies.12---16 Even though the
federal and Massachusetts subsidy and penalty
structure for obtaining health care coverage
differ, given the high compliance rate as a result
of the Massachusetts individual mandate, there

are enough similarities between the 2 pro-
grams to suggest the future degree of health
care coverage in all states.

The BRFSS health insurance coverage
estimates appear comparable for the overall
population and selected demographic and so-
cioeconomic characteristics to those in other
federal surveys that gather data on such
coverage—ACS, CPS ASEC, and NHIS. How-
ever, as postsurvey adjustments are becoming
an increasingly important means of maintain-
ing the representativeness of survey data
commencing with the release of the 2011
BRFSS data, statistical raking techniques and
postsurvey adjustments to match ACS will be
used making the health insurance point esti-
mates even closer. This new approach adjusts
the data not only in terms of respondents’
gender and age, but also race (in a more con-
sistent manner), education, and telephone
coverage—variables all found to be significantly
related to key health insurance coverage,
health, and risk outcomes on BRFSS.38

Studies based on BRFSS data have several
limitations. First, they represent only house-
holds with landline telephones but exclude cell

TABLE 3—Health Insurance Coverage and Change Between Prereform (2003–2005) and Postreform Period (2007–2009), and Massachusetts

and Other New England States Stratified by Proxy Measures of Perceived Health

Massachusetts (n = 60 388), % (95% CI) Other New England States (n = 122 464), % (95% CI)

Variable

2007–2009 Postreform,

% (95% CI)

2003–2005 Prereform,

% (95% CI)

Differences and DD,a

% (95% CI)

2007–2009 Postreform,

% (95% CI)

2003–2005 Prereform,

% (95% CI)

Differences and DD,a

% (95% CI)

DDb and DDD,c

% (95% CI)

All (n = 182 852) 94.0 (93.6, 94.4) 89.4 (88.8, 90.0) 4.7** (3.9, 5.4) 87.2 (86.7, 87.6) 87.1 (86.7, 87.5) 0.1 (-0.6, 0.7) 4.6** (3.6, 5.6)

Mentally unhealthy days

‡ 14 d (n = 21 108) 93.2 (92.1, 94.3) 87.1 (85.3, 88.9) 6.1** (3.9, 8.2) 85.0 (83.7, 86.3) 84.1 (82.7, 85.5) 0.9 (–1.1, 2.8) 5.2** (2.3, 8.1)

< 14 d (n = 159 629) 94.2 (93.8, 94.7) 89.8 (89.1, 90.4) 4.5** (3.7, 5.3) 87.6 (87.0, 88.0) 87.6 (87.2, 88.1) -0.1 (-0.8, 0.6) 4.6** (3.6, 5.6)

Differences and DDd -1.1 (-2.3, 0.2) -2.6* (-4.6, -0.7) 1.6 (-0.7, 3.9) -2.6** (-4.0, -1.2) -3.5** (-5.0, -2.1) 1.0 (-1.1, 3.0) 0.6 (-2.0, 3.3)

Physically unhealthy days

‡ 14 d (n = 18 982) 94.1 (93.7, 94.5) 88.7 (86.9, 90.6) 5.3** (3.1, 7.6) 84.4 (82.9, 85.9) 84.6 (83.1, 86.0) -0.2 (-2.3, 1.9) 5.5** (2.4, 8.6)

< 14 d (n = 161 925) 94.1 (93.7, 94.5) 89.4 (88.8, 90.1) 4.7** (3.9, 5.4) 87.5 (87.0, 88.0) 87.5 (87.1, 87.9) -0.0 (-0.6, 0.7) 4.6** (3.6, 5.6)

Differences and DDd -0.0 (-1.3, 1.0) -0.7 (-2.7, 1.3) 0.7 (-1.7, 3.0) -3.2** (-4.8, -1.6) -2.9** (-4.4, -1.5) -0.2 (-2.4, 2.0) 0.9 (-2.4, -4.1)

Activity limitation days

‡ 14 d (n = 13 086) 94.4 (93.1, 95.8) 86.8 (84.1, 89.5) 7.7** (4.7, 10.6) 84.8 (83.0, 86.6) 85.0 (83.1, 86.8) -0.1 (-2.7, 2.5) 7.7** (3.8, 11.7)

< 14 d (n = 168 602) 94.1 (93.6, 94.5) 89.6 (88.9, 90.2) 4.5** (3.7, 5.2) 87.4 (86.9, 87.9) 87.3 (86.9, 87.7) 0.1 (-0.6, 0.7) 4.4** (3.4, 5.4)

Differences and DDd 0.4 (-1.0, 1.8) -2.8* (-5.5, 0.0) 3.2* (0.1, 6.2) -2.6** (-4.4, -0.7) -2.4** (-4.2, -0.5) -0.2 (-2.8, 2.5) 3.4 (-0.7, 7.4)

Note. CI = confidence interval; DD = difference-in-differences; DDD = difference-in-difference-in-differences. Adjusted for control variables in multivariate models: age, gender, race/ethnicity,
educational attainment, marital status, and employment status.
aDifference-in-differences (postreform minus prereform).
bDifference-in-differences (Massachusetts minus other New England states).
cDifference-in-difference-in-differences (DDb ‡ 14 days minus DDc < 14 days).
dDifference-in-differences (‡ 14 days minus < 14 days).
*P < .05; **P < .001.
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phone---only households and households with-
out telephones. Second, because BRFSS data
depend on responses of survey participants,
recall bias and biases related to the perceived
social desirability of certain responses may
affect their accuracy. Overall BRFSS response
rates were low and have decreased between
2003 and 2009, though this decrease was
similar in Massachusetts and other New En-
gland states. Despite these limitations, other
BRFSS estimates have been shown to be valid
and reliable when compared with estimates
derived from national household survey
data39,40 The BRFSS surveys are a cost-
effective and timely means of collecting state
and local data, and BRFSS data are often the
only data source with which states and com-
munities can assess local health conditions
and track progress toward improving those
conditions.

An analytic concern stems from possible
differential effects of the deep and long re-
cession that began in the United States in
December 2007 and ended in June 2009, as
determined by the US National Bureau of
Economic Research.41 During the recession
employer-sponsored health insurance coverage
declined, contributing to a steady rise in the
uninsured, an estimated 56.4 million in 2008,
58.7 million in 2009, and 59.1 million in the
first quarter of 2010.42 States also have varying
eligibility requirements for Medicaid. However,
according to the Bureau of Economic Analysis
and the Bureau of Labor Statistics, although the
recession had differential effects across the
nation, the impact on gross domestic product17

and on unemployment rates18 across all New
England states (with the exception of Rhode
Island, which experienced a disproportionately
higher unemployment rate) were comparable,
precluding the need to control for such
economy-related area-level variables or con-
ducting multilevel analysis.

This study indicates that if the health care
coverage trends observed in the natural ex-
periment in Massachusetts foreshadow what
will occur in the United States following full
implementation of the ACA, the rate of de-
crease in health insurance coverage will be
slowed and an increase in health insurance
coverage is predicted.6 Meanwhile, the Massa-
chusetts experience may continue to offer
lessons for national health reform efforts. j
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