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Objectives: Cardiovascular disease (CVD) has a substantial financial impact on healthcare systems in the 
US. This study aimed to examine the impact of CVD on health insurance coverage and health service use 
under economic stress as indicated by the Great Recession in the US (December 2007-June 2009). 
Methods: Data of 26,483 adults aged ≥ 20 years from the 2003-2012 National Health and Nutrition 
Examination Survey were analyzed. There were 9,479 adults assigned to the group “before the Great 
Recession” (2003-2006), 5,674 adults assigned to “during the Great Recession” (2007-2008), and 11,330 
adults assigned to “after the Great Recession” (2009-2012). 
Results: Patients with CVD from low-income families were more likely to have health insurance during 
the recession (OR:1.57, 95% CI: 1.01,2.45). Those participants without CVD, who were from low-income 
families or < 65 years, were more likely to use the emergency room rather than primary care facilities 
to gain access to routine healthcare (p < 0.05). Patients with CVD from high-income families were also 
more likely to use the emergency room (p < 0.05). Patients with CVD but not those without CVD, who 
reported a high family income or were ≥ 65 years old, were less likely to use mental health services 
during the recession than before the recession. 
Conclusion: Effective strategies need to be developed to promote primary care use among the general 
adult American population. In addition, use of mental health services among patients with CVD needs 
to be improved when financial stress occurs.

©2019 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Cardiovascular disease (CVD) is a leading cause of death in 
the US [1]. Each year, approximately 800,000 Americans die 
from CVD [1]. Despite advances in prevention and treatment 
of CVD at population and individual levels, socioeconomic 
inequalities in CVD morbidity and mortality have been widely 
observed in both developed and developing countries [2]. In 
the US, individuals with a lower socioeconomic status (SES) 

were at a greater risk for developing CVD and had more CVD-
associated risk factors such as smoking, obesity, hypertension, 
and diabetes than those with a higher SES [3]. Lack of access 
to healthcare and barriers to healthcare use in low SES groups 
partly explained SES differences in CVD outcomes [4], and 
financial strain may further compromise affordability of health 
insurance and use of health services [5].

Financial insecurity and employment instability may have 
direct adverse effects on health such as depression, suicide, 
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and general mortality [6,7]. However, the detrimental effects 
of economic decline on CVD are unclear. Studies in the US 
and Australia reported higher risks for heart attack, stroke 
and CVD mortality following the loss of a job [8,9]. It has been 
observed recently in a longitudinal study in UK households 
that economic insecurity worsened metabolic, inflammatory 
and liver function biomarkers [10]. However, increased 
unemployment rates have been positively associated with 
heart-healthy lifestyles in some European populations [6,11]. 
The “CARDIA” data showed that CVD risk factors tended to 
decline during joblessness or recessions, while depressive 
symptoms significantly increased among unemployed 
individuals [12]. 

The Great Recession, which officially lasted from December 
2007 till June 2009, was considered as the worst global 
economic crisis since the Second World War [13]. Less 
access to employer-sponsored health insurance and forgone 
healthcare have been observed during the Great Recession 
[14,15]. However, given the possible serious consequences 
and high healthcare costs of CVD, these associations observed 
in the general population, may not be applied to those 
with CVD. The objective of this study was to use nationally 
representative data from the 2003-2012 National Health 
and Nutrition Examination Survey (NHANES), to investigate 
whether associations between the macro-level economic stress 
and health insurance coverage/health service use, varied for 
people with and without CVD in the US. These associations 
were examined separately by SES (i.e., family income and 
employment status) and age groups. The findings of this study 
may provide additional information on the impact of having 
CVD when there is a national economic downturn which 
may help policy makers adapt appropriate health services 
and resource allocations for target populations, such as those 
with pre-existing medical conditions, the elderly, and the 
unemployed. 

Materials and Methods

1. Study Population

The continuous NHANES is a surveillance program initiated in 
1999 and conducted annually by the National Center for Health 
Statistics, the Centers for Disease Control and Prevention. 
Participants were sampled from civilian, non-institutionalized 
Americans, using stratified multistage probability design. The 
elderly, African Americans, and Hispanics were over-sampled 
to provide reliable estimates for these groups. NHANES aims to 
assess the health and nutritional status of adults and children, 
in the general US population. The research protocols for 
NHANES were approved by National Center for Health Statistics 

Institutional Review Board (Hyattsville, MD, USA). Details on 
the study designs and data collection procedures have been 
previously published [16]. 

NHANES collected information on all sampled participants’ 
health insurance coverage and healthcare use outcomes 
during the previous 12 months. The cardiovascular history 
was recorded among participants aged 20 years and older. Five 
2-year NHANES cycles (2003-2004, 2005-2006, 2007-2008, 
2009-2010, and 2011-2012) were combined for this study. 
This yielded the final sample of 26,483 participants aged 20 
years and older. There were 9,479 adults surveyed before the 
Great Recession (2003-2006), 5,674 adults surveyed during 
the Great Recession (2007-2008), and 11,330 adults surveyed 
after the Great Recession (2009-2012). Multiyear NHANES data 
have been widely analyzed in previous research to examine 
the impact of the Great Recession on various health-related 
outcomes by categorizing years before, during, and after the 
Great Recession [17-20]. As compared to other population-
based data sources, NHANES data have several advantages, such 
as large sample size, stable and robust sampling strategies, and 
standardized  interview components [16].

2. Health Insurance Status 

The Health Insurance Questionnaire was administered to 
participants in their homes by trained NHANES staff. The 
interview included questions on insurance status, type of 
insurance coverage, and prescription drug coverage during the 
past 12 months. Participants were classified as; 1) “Covered 
by health insurance” if they answered “Yes” to the question 
“Are you covered by health insurance or some other kind of 
healthcare plan?”, 2) “Prescriptions covered by health plans” 
if they answered “Yes” to the question “Do any of these plans 
cover any part of the cost of prescriptions?”, and 3) “Covered 
by private insurance” if they answered “Yes” to the question 
“Are you covered by private insurance?” 

3. Self-Rated General Health Conditions

During face-to-face interviews, participants were asked 
to evaluate their general health and health condition now, 
compared with 1 year ago. Responses to the question “Would 
you say your health in general is …” were collapsed into 2 
categories 1) Excellent or Very Good vs. 2) Good, Fair, or Poor. 
Participants’ present health was categorized into 3 groups 1) 
better compared with 12 months ago (Yes vs. No), 2) about the 
same compared with 12 months ago (Yes vs. No), and 3) worse 
compared with 12 months ago (Yes vs. No).  

4. Healthcare Access and Use Outcomes

Participants’ access to healthcare was measured by the 
location for routine healthcare (primary care facilities, 
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Emergency Department, other or more than one location, and 
no routine location). The participants were considered to have 
used inpatient healthcare if they had spent at least 1 overnight 
hospital stay in the previous year. The participants’ outpatient 
healthcare was categorized into 2 groups, 1) more than 4 
outpatient visits vs. 2) 0-3 outpatient visits in the previous 
year. Use of mental healthcare was identified if the participants 
reported a visit to a mental health professional in the previous 
year.  

 
5. Diagnosis of CVD

Participants were asked the questions “Has a doctor or 
other health professional ever told you that you had … …” for 
congestive heart failure, coronary heart disease, angina/angina 
pectoris, heart attack, or stroke. If they answered “Yes” to any 
of these 5 questions, participants were considered to have had 
a diagnosis of CVD. Although NHANES did not validate self-
reported CVD, previous validation studies have shown high 
sensitivity and specificity of deriving CVD history from self-
administered questionnaire [21].

6. Statistical Analysis

Descriptive and regression analyses were weighted for 
the complex cluster sample design and conducted using 
Proc Survey in SAS Version 9.3 (SAS Institute, Cary, NC, US). 
Distributions of selected demographic characteristics, lifestyle 
variables, insurance status, and healthcare use outcomes 
were described using unweighted frequencies. The weighted 
proportions were compared using the Rao-Scott chi-square 
goodness-of-fit tests. 

Multiple logistic regression models were used to compare 
insurance status and healthcare use during the Great Recession 
and after the Great Recession, with those before the Great 
Recession for the participants with and without CVD. The 
models were stratified by income-to-poverty ratio (IPR, IPR < 
2, IPR 2-4.49, and IPR ≥ 4.5), employment status (employed 
vs. unemployed), and age groups (< 65 years vs. ≥ 65 years). 
Health insurance and healthcare use outcome variables 
were treated as binary variables. Demographic and lifestyle 
covariates were adjusted for multivariate logistic regression 
models that included age, gender, ethnicity/race, education, 
body weight status, smoking status, and physical activity (see 
Appendix I) [22]. Statistical significance was reached when 
the value of p < 0.05.

Results

1. Distribution of Selected Demographic Variables of the Study 
Participants

A total of 26,483 adults who participated in the 2003-2012 
NHANES were included in the analyses (Table 1). Of the total, 
approximately 82.8% were < 65 years, 48.1% were males, 69.5% 
were non-Hispanic white, 67.9% were overweight or obese, and 
8.8% (3,045 adults) had a diagnosis of CVD. The participants 
with CVD were significantly older, less educated, had lower 
family income, and were more likely to be obese, unemployed, 
and physically inactive compared with those without CVD 
before, during, and after the Great Recession (p < 0.05). 

2. Insurance Status and Healthcare Use by Selected Demo-
graphic Variables 

As shown in Table 2, approximately 80.6% of the participants 
were covered by health insurance, 93.7% had health plans 
to cover part of the cost of prescriptions, 78.4% had private 
insurance, less than half reported excellent or very good health, 
82.1% used primary care facilities for routine healthcare, 38.1% 
used inpatient services and had overnight stays in hospital in 
the previous year, 11.0% used outpatient services more than 4 
times in the previous year, and only 7.8% reported the use of 
mental health services in the previous year. The participants 
who had a diagnosis of CVD were more likely to be insured, 
receive routine healthcare at primary care facilities, have 
overnight hospital stay in the previous year, and use outpatient 
services over the previous year as compared with their 
counterparts without CVD, before, during, and after the Great 
Recession (p < 0.05; Table 2). 

3. The Associations of the Great Recession with Insurance Sta-
tus and Healthcare Use According to CVD Diagnosis

The associations of insurance status and healthcare use 
with the Great Recession were outlined by family income, 
employment status and age for the participants diagnosed 
with CVD (Table 3). Unlike the associations observed in the 
participants without CVD (Table 4), the majority of insurance 
and healthcare use indicators for the participants with CVD, 
did not differ significantly during and after the Great Recession 
as compared to those before the recession. However, after 
adjusting for various covariates such as age, gender, ethnicity/
race, education, body weight status, smoking, and physical 
activity level, people with CVD from lower income families 
(IPR < 2) were more likely to have health insurance during 
the Great Recession (OR: 1.57, 95% CI: 1.01, 2.45). People with 
CVD from higher income families were more likely to receive 
routine healthcare from an Emergency Department rather than 
primary care facilities during the Great Recession (OR: 57.65, 



Osong Public Health Res Perspect 2019;10(3):123−136126

Characteristics
 

   All
         

Before recession (2003-2006)

No CVD CVD p†

N 26,483 8,309 1,170

Age (y) < 0.001

    20-64 19,944 (82.77) 6,619 (87.02) 385 (42.53)

    ≥ 65 6,539 (17.23) 1,690 (12.98) 785 (57.47)

Gender 0.301

    Male 12,843 (48.08) 3,904 (47.85) 636 (49.91)

    Female 13,640 (51.92) 4,405 (52.15) 534 (50.09)

Race/Ethnicity < 0.001

    Non-Hispanic white 12,374 (69.49) 4,141 (71.21) 733 (79.24)

    Non-Hispanic black  5,695 (11.39) 1,795 (11.41) 225 (10.95)

    Mexican American 4,490 (8.08) 1,745 (8.28) 159 (3.94)

    Other Hispanic 2,067 (4.71) 278 (3.73) 12 (1.10)

    Other 1,857 (6.33) 350 (5.37) 41 (4.77)

Body weight status < 0.001

    Underweight 436 (1.74) 136 (1.82) 13 (1.29)

    Normal weight 7,424 (30.32) 2,482 (32.51) 263 (21.74)

    Overweight 8,842 (33.70) 2,834 (33.22) 389 (35.35)

    Obese 9,351 (34.24) 2,729 (32.45) 448 (41.62)

Education < 0.001

    < high school 7,438 (18.45) 2,263 (16.90) 456 (29.74)

    High school, GED or equivalent 6,212 (24.01) 2,039 (25.92) 274 (26.39)

    > high school 12,795 (57.54) 3,996 (57.18) 435 (43.88)

Family income-to-poverty ratio < 0.001

    < 2 11,674 (34.73) 3,384 (31.16) 584 (44.07)

    2-4.49 7,594 (35.21) 2,719 (38.73) 362 (39.04)

    ≥ 4.5 5,161 (30.06) 1,790 (30.11) 147 (16.89)

Employment < 0.001

    Yes 14,381 (63.75) 5,015 (69.68) 226 (27.30)

    No 12,097 (36.25) 3,292 (30.32) 944 (72.70)

Smoking status < 0.001

    Non-smoker 14,152 (53.11) 4,423 (51.57) 461 (37.69)

    Former smoker 6,576 (24.51) 1,971 (23.31) 511 (41.81)

    Currently smoking 5,735 (22.38) 1,908 (25.12) 196 (20.50)

Recreational/work/transportation 
physical activities < 0.001

    Vigorous or moderate intensity 19,349 (76.50) 6,438 (77.06) 691 (63.37)

    Light intensity 7,125 (23.50) 1,865 (22.94) 476 (36.64)  

Data are presented as n (%).
* Unweighted frequencies and weighted proportions were presented.
† Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for each of the selected demographic 
characteristics.

Table 1. Selected demographic characteristics of the study participants (≥ 20 years), NHANES 2003-2012*.
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Characteristics
 

During recession (2007-2008) After recession (2009-2012)

No CVD CVD p† No CVD CVD p†

N 4,996 678 10,133 1,197

Age (y) < 0.001 < 0.001

    20-64 3,963 (87.22) 258 (42.22) 8,245 (85.83) 474 (44.53)

    ≥ 65 1,033 (12.78) 420 (57.78) 1,888 (14.17) 723 (55.47)

Gender 0.137 < 0.001

    Male 2,397 (47.69) 378 (52.20) 4,854 (47.52) 674 (54.68)

    Female 2,599 (52.31) 300 (47.80) 5,279 (52.48) 523 (45.32)

Race/Ethnicity < 0.001 < 0.001

    Non-Hispanic white 2,263 (68.94) 389 (74.45) 4,217 (66.70) 631 (72.90)

    Non-Hispanic black 1,032 (11.19) 151 (12.75) 2,214 (11.35) 278 (12.46)

    Mexican American 909 (8.74) 67 (4.15) 1,492 (8.41) 118 (5.10)

    Other Hispanic 583 (5.08) 49 (2.87) 1,053 (5.96) 92 (3.79)

    Other 209 (6.05) 22 (5.77) 1,157 (7.58) 78 (5.75)

Body weight status < 0.001 < 0.001

    Underweight 81 (1.61) 9 (1.23) 179 (1.80) 18 (1.49)

    Normal weight 1,388 (31.10) 140 (22.96) 2,907 (29.94) 244 (20.22)

    Overweight 1,708 (34.39) 212 (33.76) 3,342 (33.97) 357 (30.20)

    Obese 1,756 (32.90) 281 (42.05) 3,598 (34.29) 539 (48.09)

Education < 0.001 < 0.001

    < high school 1,484 (19.43) 266 (30.96) 2,519 (16.94) 450 (27.71)

    High school, GED or 
    equivalent 1,232 (25.16) 178 (28.51) 2,199 (20.99) 290 (26.77)

    > high school 2,275 (55.41) 233 (40.53) 5,401 (62.07) 455 (45.52)

Family income-to-
poverty ratio < 0.001 < 0.001

    < 2 2,148 (34.06) 345 (48.61) 4,570 (36.01) 643 (45.04)

    2-4.49 1,390 (33.06) 177 (30.22) 2,655 (33.03) 291 (32.05)

    ≥ 4.5  1,000 (32.88) 87 (21.17) 1,980 (30.96) 157 (22.91)

Employment < 0.001 < 0.001

    Yes 2,999 (68.55) 113 (22.02) 5,804 (64.51) 224 (28.40)

    No 1,995 (31.45) 565 (77.98) 4,328 (35.49) 973 (71.60)

Smoking status < 0.001 < 0.001

    Non-smoker 2,733 (54.55) 258 (39.01) 5,797 (57.11) 480 (40.36)

    Former smoker 1,130 (22.47) 284 (41.15) 2,228 (22.98) 452 (38.07)

    Currently smoking 1,128 (22.98) 136 (19.84) 2,102 (19.91) 265 (21.57)

Recreational/work/
transportation 
physical activities

< 0.001 < 0.001

   Vigorous or moderate 
    intensity 3,639 (78.82) 339 (54.15) 7,621 (78.95) 621 (56.40)

    Light intensity 1,357 (21.18) 339 (45.85)  2,512 (21.05) 576 (43.60)  

Data are presented as n (%).
* Unweighted frequencies and weighted proportions were presented.
† Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for each of the selected demographic 
characteristics.

Table 1. (Continued).
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95% CI: 9.32, 356.77). People with CVD who had higher family 
income (OR: 0.58, 95% CI: 0.34, 0.99) or worked (OR: 0.58, 95% 
CI: 0.36, 0.94) were less likely to use outpatient services after 
the Great Recession. People < 65 years who had a diagnosis of 
CVD were more likely to have health plans to cover part of the 
cost of prescriptions after the Great Recession (OR: 3.51, 95% 
CI: 1.23, 9.99), less likely to have private insurance during the 
Great Recession (OR: 0.53, 95% CI: 0.28, 0.997), and had less 
outpatient visits during the recession (OR: 0.60, 95% CI: 0.38, 
0.96). In addition, people with CVD who reported intermediate 
family income (OR: 0.41, 95% CI: 0.17, 0.99), high family income 

(OR: 0.03, 95% CI: 0.002, 0.49), or were aged 65 years and over 
(OR: 0.33, 95% CI: 0.16, 0.66) were less likely to use mental 
health services during the recession.  

After adjusting for various covariates, people without CVD 
from low-income families (IPR < 2) were more likely to have 
health plans to cover part of the cost of prescriptions during 
(OR: 1.44, 95% CI: 1.03, 2.03) and after (OR: 1.54, 95% CI: 1.15, 
2.07) the Great Recession (Table 4). They were more likely 
to use an Emergency Department rather than a primary care 
facility as their routine healthcare during (OR: 1.98, 95% CI: 
1.26, 3.13) and after (OR: 2.67, 95% CI: 1.73, 4.12) the Great 

 

All

Before recession (2003-2006)

 No CVD CVD p†

Covered by health insurance < 0.001

    Yes 20,339 (80.60) 6,414 (80.67) 1,060 (90.26)

    No 6,082 (19.40) 1,851 (19.33) 106 (9.74)

Prescriptions covered by health plans < 0.001

    Yes 15,140 (93.70) 2,920 (93.13) 409 (87.86)

    No 1,297 (6.30) 259 (6.87) 71 (12.14)

Covered by private insurance < 0.001

    Yes 13,843 (78.35) 4,598 (81.07) 525 (58.02)

    No 6,480 (21.65) 1,802 (18.93) 533 (41.98)

Self-reported general health condition < 0.001

    Excellent or very good 10,735 (48.50) 3,902 (52.98) 211 (20.06)

    Good, fair, or poor 15,735 (51.50) 4,400 (47.02) 958 (79.94)

Location of routine healthcare < 0.001

    Primary care facilities 21,414 (82.10) 6,695 (81.22) 1,097 (93.17)

    Emergency department 762 (2.26) 169 (1.66) 19 (1.59)

    Other or > 1 location 330 (1.22) 105 (1.29) 18 (1.54)

    No routine location 3,973 (14.42) 1,337 (15.83) 36 (3.70)

Overnight hospital stay in last y < 0.001

    Yes 10,679 (38.05) 3,169 (35.27) 840 (70.75)

    No 15,788 (61.95) 5,133 (64.73) 329 (29.25)

No. of healthcare visits over past y < 0.001

    ≥ 4 3,482 (10.96) 830 (8.42) 397 (32.93)

    0-3 22,991 (89.04) 7,476 (91.58) 769 (67.07)

Mental health visits over past y 0.213

    Yes 1,922 (7.84) 566 (7.94) 112 (9.33)

    No 24,553 (92.16) 7,739 (92.06) 1,055 (90.67)  

Data are presented as n (%).
* Unweighted frequencies and weighted proportions were presented.
† Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for health insurance status and 
healthcare use outcomes.

Table 2. Health insurance coverage and healthcare use of the study participants (≥ 20 years), NHANES 2003-2012*.
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Recession. People aged 65 and older were more likely to have 
private insurance during (OR: 1.41, 95% CI: 1.05, 1.89) and after 
(OR: 1.56, 95% CI: 1.21, 2.00) the Great Recession.

Discussion

The majority of the research on the Great Recession, 
health insurance,  and health services was based on 
medical expenditure data of individuals with employer-
sponsored health insurance [23]. This study used a nationally 

representative sample of American adults aged ≥ 20 years to 
examine the potential effects of the Great Recession on health 
insurance coverage and healthcare use by people with and 
without CVD. In terms of healthcare use, the study participants 
without CVD, who had a lower family income, no employment, 
and a younger age were affected more during and after the 
recession, than the other participants without CVD. Unlike the 
associations observed in the participants without CVD, most 
of insurance and healthcare use indicators for the participants 
with CVD, did not differ significantly during and after the 

 During recession (2007-2008) After recession (2009-2012)

 No CVD CVD p† No CVD CVD p†

Covered by health insurance < 0.001 < 0.001

    Yes 3,709 (79.57) 617 (91.45) 7,464 (78.68) 1,075 (90.90)

    No 1,284 (20.43) 59 (8.55) 2,663 (21.32) 119 (9.10)

Prescriptions covered by 
health plans < 0.001 0.010

    Yes 3,378 (93.96) 542 (88.72) 6,915 (94.60) 976 (91.99)

    No 299 (6.04) 76 (11.28) 491 (5.40) 101 (8.01)

Covered by private insurance < 0.001 < 0.001

    Yes 2,703 (82.76) 310 (57.63) 5,218 (79.23) 489 (56.57)

    No 1,006 (17.24) 307 (42.37) 2,246 (20.77) 586 (43.43)

Self-reported general health 
condition < 0.001 < 0.001

    Excellent or very good 2,131 (50.97) 93 (15.65) 4,219 (50.04) 179 (19.06)

    Good, fair, or poor 2,863 (49.03) 585 (84.35) 5,911 (49.96) 1,018 (80.94)

Location of routine 
healthcare < 0.001 < 0.001

    Primary care facilities 3,960 (81.22) 632 (93.58) 7,919 (80.72) 1,111 (93.63)

    Emergency department 165 (2.41) 15 (2.20) 361 (2.86) 33 (1.85)

    Other or > 1 location  60 (1.22) 7 (0.45) 126 (1.18) 14 (0.94)

    No routine location 811 (15.15) 24 (3.77) 1,726 (15.24) 39 (3.58)

Overnight hospital stay in last y < 0.001 < 0.001

    Yes 1,822 (35.38) 476 (67.97) 3,522 (34.77) 850 (67.43)

    No 3,173 (64.62) 201 (32.03) 6,606 (65.23) 346 (32.57)

No. of healthcare visits over past y < 0.001 < 0.001

    ≥ 4 526 (8.85) 227 (31.87) 1,078 (9.27) 424 (33.34)

    0-3 4,469 (91.15) 450 (68.13) 9,054 (90.73) 773 (66.66)

Mental health visits over past y 0.865 0.220

    Yes 332 (7.32) 58 (7.63) 733 (7.76) 121 (8.88)

    No 4,664 (92.68) 620 (92.37)  9,400 (92.24) 1,075 (91.12)  

Data are presented as n (%).
* Unweighted frequencies and weighted proportions were presented.
† Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for health insurance status and 
healthcare use outcomes.

Table 2. (Continued).
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Table 3. Multivariate logistic regressions for the associations of recession periods with health insurance coverage and healthcare use by study 
participants with CVD (≥ 20 years), NHANES 2003-2012.

Outcome variables
Family income-to-
poverty ratio < 2*

Family income-to-
poverty ratio 2-4.49*

Family income-to-
poverty ratio ≥ 4.5*

OR 95% CI OR 95% CI OR 95% CI

Covered by health insurance (Yes vs. No)

    During recession 1.57 (1.01, 2.45) 1.98 (0.79, 4.96) 0.91 (0.35, 2.33)

    After recession 1.49 (0.95, 2.34) 0.95 (0.40, 2.24) 1.38 (0.65, 2.96)

Prescriptions covered by health plans (Yes vs. No)

    During recession 0.72 (0.36, 1.42) 1.39 (0.53, 3.63) 1.28 (0.11, 15.47)

    After recession 1.32 (0.67, 2.59) 1.72 (0.69, 4.33) 0.25 (0.04, 1.77)

Covered by private insurance (Yes vs. No)

    During recession 1.19 (0.85, 1.67) 1.31 (0.71, 2.43) 1.08 (0.47, 2.47)

    After recession 0.89 (0.66, 1.21) 0.99 (0.64, 1.51) 1.11 (0.57, 2.13)

Self-reported general health condition

  Excellent or very good vs. Good, fair, or poor

      During recession 1.10 (0.62, 1.94) 0.73 (0.39, 1.35) 0.60 (0.28, 1.27)

      After recession 1.16 (0.63, 2.15) 1.05 (0.66, 1.69) 0.70 (0.36, 1.35)

  Current health compared with 1 y ago: better vs. no change

      During recession 1.05 (0.67, 1.67) 0.68 (0.40, 1.16) 1.45 (0.64, 3.31)

      After recession 1.32 (0.90, 1.92) 0.96 (0.56, 1.63) 0.91 (0.44, 1.88)

  Current health compared with 1 y ago: worse vs. no change

      During recession 1.03 (0.64, 1.67) 0.57 (0.27, 1.18) 0.52 (0.14, 1.94)

      After recession 1.19 (0.77, 1.86) 0.59 (0.34, 1.01) 0.85 (0.36, 2.05)

Location of routine healthcare

  Primary care facilities vs. Others

      During recession 1.17 (0.63, 2.17) 1.30 (0.42, 4.05) 1.89 (0.26, 13.72)

      After recession 1.28 (0.68, 2.41) 1.40 (0.54, 3.62) 1.23 (0.25, 5.97)

  Emergency department vs. Primary care facilities

      During recession 1.01 (0.30, 3.39) 0.57 (0.11, 2.96) 57.65 (9.32, 356.77)

      After recession 1.31 (0.52, 3.27) 0.09 (0.002, 4.59) 0.70 (0.11, 4.65)

Overnight hospital stay in last y (Yes vs. No)

    During recession 0.93 (0.60, 1.44) 0.85 (0.53, 1.36) 1.01 (0.46, 2.21)

    After recession 1.11 (0.84, 1.47) 0.93 (0.62, 1.37) 0.84 (0.41, 1.74)

No. of healthcare visits over past y (≥ 4 vs. 0-3)

    During recession 0.88 (0.63, 1.24) 0.74 (0.45, 1.20) 0.67 (0.34, 1.31)

    After recession 1.01 (0.71, 1.43) 0.71 (0.42, 1.21) 0.58 (0.34, 0.99)

Mental health visits over past y (Yes vs. No)

    During recession 1.21 (0.69, 2.10) 0.41 (0.17, 0.99) 0.03 (0.002, 0.49)

    After recession 1.30 (0.80, 2.12) 0.36 (0.17, 0.75) 0.58 (0.19, 1.79)

* Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and 
physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight 
status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio <2.
† Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty 
ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/
race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants with 
employment.
‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, 
employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study 
participants 19-64 years.
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Table 3. (Continued).

Outcome variables
Employed† Unemployed† 19-64 y‡ ≥65 y‡

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Covered by health insurance (Yes vs. No)

    During recession 1.38 (0.43, 4.42) 1.50 (0.87, 2.60) 1.53 (0.91, 2.55) 0.87 (0.35, 2.17)

    After recession 1.30 (0.56, 3.06) 1.56 (0.90, 2.69) 1.43 (0.94, 2.17) 0.73 (0.21, 2.54)

Prescriptions covered by health plans (Yes vs. No)

    During recession 0.68 (0.11, 4.05) 1.16 (0.60, 2.24) 1.65 (0.62, 4.37) 1.01 (0.51, 2.01)

    After recession 0.50 (0.10, 2.50) 1.52 (0.76, 3.04) 3.51 (1.23, 9.99) 1.18 (0.59, 2.36)

Covered by private insurance (Yes vs. No)

    During recession 0.62 (0.27, 1.43) 1.28 (0.88, 1.88) 0.53 (0.28, 0.997) 1.65 (1.03, 2.64)

    After recession 0.86 (0.41, 1.80) 0.93 (0.68, 1.27) 0.79 (0.44, 1.43) 1.09 (0.80, 1.50)

Self-reported general health condition

  Excellent or very good vs. Good, fair, or poor

      During recession 0.54 (0.22, 1.31) 1.03 (0.67, 1.59) 0.66 (0.35, 1.24) 0.90 (0.61, 1.34)

      After recession 0.92 (0.48, 1.76) 1.13 (0.78, 1.66) 0.91 (0.53, 1.55) 1.12 (0.78, 1.60)

  Current health compared with 1 y ago: better vs. no change

      During recession 1.17 (0.50, 2.75) 0.86 (0.63, 1.17) 1.02 (0.56, 1.86) 0.96 (0.65, 1.41)

      After recession 1.32 (0.77, 2.25) 0.90 (0.68, 1.19) 1.33 (0.84, 2.11) 0.91 (0.65, 1.28)

  Current health compared with 1 y ago: worse vs. no change

      During recession 0.53 (0.16, 1.77) 0.82 (0.55, 1.21) 0.89 (0.50, 1.57) 0.70 (0.44, 1.10)

      After recession 0.61 (0.24, 1.55) 1.01 (0.69, 1.48) 0.83 (0.45, 1.53) 0.97 (0.67, 1.40)

Location of routine healthcare

  Primary care facilities vs. Others

      During recession 0.99 (0.30, 3.29) 1.59 (0.91, 2.77) 0.98 (0.51, 1.88) 1.62 (0.72, 3.67)

      After recession 0.96 (0.36, 2.56) 1.34 (0.77, 2.34) 1.06 (0.58, 1.94) 1.35 (0.68, 2.70)

  Emergency department vs. Primary care facilities

      During recession  1.33 (0.21, 8.53) 1.15 (0.40, 3.30) 1.54 (0.49, 4.86) 0.66 (0.17, 2.56)

      After recession 1.62 (0.35, 7.39) 0.83 (0.40, 1.72) 1.07 (0.37, 3.05) 0.71 (0.25, 2.01)

Overnight hospital stay in last y (Yes vs. No)

    During recession 0.95 (0.41, 2.22) 0.88 (0.66, 1.18) 0.82 (0.51, 1.32) 1.01 (0.72, 1.40)

    After recession 1.00 (0.55, 1.80) 1.02 (0.81, 1.29) 1.00 (0.67, 1.50) 1.08 (0.80, 1.44)

No. of healthcare visits over past y (≥ 4 vs. 0-3)

    During recession 0.75 (0.42, 1.36) 0.78 (0.59, 1.03) 0.60 (0.38, 0.96) 0.94 (0.69, 1.28)

    After recession 0.58 (0.36, 0.94) 0.89 (0.66, 1.22) 0.73 (0.47, 1.13) 0.88 (0.63, 1.22)

Mental health visits over past y (Yes vs. No)

    During recession 0.36 (0.11, 1.17) 0.78 (0.49, 1.23) 1.04 (0.57, 1.92) 0.33 (0.16, 0.66)

    After recession 0.98 (0.42, 2.28) 0.83 (0.56, 1.24) 1.04 (0.62, 1.75) 0.72 (0.34, 1.50)

* Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and 
physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight 
status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio <2.
† Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty 
ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/
race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants with 
employment.
‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, 
employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study 
participants 19-64 years.
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 Outcome variables
Family income-to-
poverty ratio < 2*

Family income-to-
poverty ratio 2-4.49*

Family income-to-poverty 
ratio ≥ 4.5*

OR 95% CI OR 95% CI OR 95% CI

Covered by health insurance (Yes vs. No)

    During recession 0.94 (0.76, 1.17) 1.02 (0.76, 1.37) 0.98 (0.54, 1.79)

    After recession 0.89 (0.74, 1.08) 0.83 (0.66, 1.05) 1.02 (0.58, 1.78)

Prescriptions covered by health plans (Yes vs. No)

    During recession 1.44 (1.03, 2.03) 1.05 (0.70, 1.57) 0.96 (0.46, 2.00)

    After recession 1.54 (1.15, 2.07) 1.28 (0.83, 2.00) 1.40 (0.70, 2.79)

Covered by private insurance (Yes vs. No)

    During recession 1.12 (0.86, 1.45) 1.42 (1.10, 1.83) 1.27 (0.73, 2.20)

    After recession 0.99 (0.83, 1.19) 1.07 (0.83, 1.38) 1.00 (0.69, 1.46)

Self-reported general health condition

  Excellent or very good vs. Good, fair, or poor

      During recession 1.03 (0.88, 1.21) 1.02 (0.84, 1.25) 0.78 (0.62, 0.999)

      After recession 0.88 (0.75, 1.02) 0.86 (0.74, 0.995) 0.96 (0.80, 1.15)

  Current health compared with 1 y ago: better vs. no change

      During recession 0.89 (0.72, 1.10) 0.83 (0.67, 1.02) 0.86 (0.68, 1.09)

      After recession 1.05 (0.86, 1.28) 1.00 (0.86, 1.15) 0.89 (0.74, 1.08)

  Current health compared with 1 y ago: worse vs. no change

      During recession 1.00 (0.81, 1.23) 1.01 (0.76, 1.35) 0.93 (0.64, 1.37)

      After recession 0.95 (0.78, 1.16) 0.94 (0.75, 1.18) 0.69 (0.51, 0.91)

Location of routine healthcare

  Primary care facilities vs. Others

      During recession 0.90 (0.73, 1.12) 1.21 (0.90, 1.62) 1.01 (0.73, 1.41)

      After recession 0.78 (0.65, 0.92) 1.02 (0.82, 1.26) 1.22 (0.95, 1.57)

  Emergency department vs. Primary care facilities

      During recession 1.98 (1.26, 3.13) 0.91 (0.56, 1.50) 2.74 (0.80, 9.42)

      After recession 2.67 (1.73, 4.12) 1.44 (0.91, 2.26) 1.08 (0.32, 3.69)

Overnight hospital stay in last y (Yes vs. No)

  During recession 1.10 (0.89, 1.38) 1.03 (0.77, 1.39) 1.00 (0.74, 1.35)

  After recession 1.17 (0.97, 1.41) 0.84 (0.67, 1.06) 1.18 (0.84, 1.66)

No. of healthcare visits over past y (≥ 4 vs. 0-3)

  During recession 0.85 (0.70, 1.02) 1.04 (0.88, 1.24) 1.07 (0.87, 1.30)

  After recession 0.90 (0.77, 1.04) 0.87 (0.73, 1.03) 0.96 (0.79, 1.16)

Mental health visits over past y (Yes vs. No)

  During recession 0.82 (0.59, 1.12) 1.27 (0.84, 1.93) 0.83 (0.55, 1.26)

  After recession 0.95 (0.75, 1.21) 1.02 (0.75, 1.40) 0.91 (0.63, 1.32)

* Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and 
physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight 
status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio < 2.
† Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty 
ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants 
with employment.
‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, 
employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study 
participants 19-64 years.

Table 4. Multivariate logistic regressions for the associations of recession periods with health insurance coverage and healthcare use by study 
participants without CVD (≥ 20 years), NHANES 2003-2012.
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                                                                             Employed† Unemployed† 19-64 y‡ ≥65 y‡

                                          OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Covered by health insurance (Yes vs. No)

    During recession 1.03 (0.82, 1.29) 0.84 (0.64, 1.09) 0.98 (0.82, 1.17) 0.84 (0.36, 1.96)

    After recession 0.91 (0.75, 1.09) 0.84 (0.65, 1.08) 0.90 (0.76, 1.07) 0.59 (0.29, 1.20)

Prescriptions covered by health plans (Yes vs. No)

    During recession 0.96 (0.64, 1.43) 1.37 (0.88, 2.14) 1.00 (0.67, 1.49) 1.38 (0.77, 2.49)

    After recession 1.14 (0.75, 1.75) 1.75 (1.17, 2.63) 1.29 (0.90, 1.86) 1.57 (0.93, 2.67)

Covered by private insurance (Yes vs. No)

    During recession 1.14 (0.84, 1.56) 1.27 (1.04, 1.56) 1.15 (0.90, 1.46) 1.41 (1.05, 1.89)

    After recession 0.87 (0.70, 1.07) 1.14 (0.95, 1.37) 0.85 (0.71, 1.02) 1.56 (1.21, 2.00)

Self-reported general health condition

  Excellent or very good vs. Good, fair, or poor

      During recession 0.94 (0.82, 1.09) 0.98 (0.82, 1.17) 0.92 (0.80, 1.05) 1.18 (0.98, 1.42)

      After recession 0.86 (0.78, 0.95) 0.98 (0.83, 1.16) 0.87 (0.79, 0.95) 1.11 (0.90, 1.36)

  Current health compared with 1 y ago: better vs. no change

      During recession 0.90 (0.79, 1.03) 0.79 (0.63, 1.003) 0.87 (0.78, 0.98) 0.79 (0.59, 1.06)

      After recession 1.01 (0.90, 1.12) 0.93 (0.77, 1.11) 0.96 (0.87, 1.07) 1.06 (0.79, 1.42)

  Current health compared with 1 y ago: worse vs. no change

      During recession 1.01 (0.80, 1.28) 0.93 (0.74, 1.17) 1.01 (0.83, 1.23) 0.80 (0.61, 1.05)

      After recession 0.87 (0.74, 1.03) 0.92 (0.76, 1.13) 0.86 (0.75, 0.98) 0.99 (0.76, 1.30)

Location of routine healthcare

  Primary care facilities vs. Others

      During recession 1.04 (0.88, 1.24) 0.92 (0.71, 1.18) 1.03 (0.87, 1.22) 0.94 (0.58, 1.52)

      After recession 1.01 (0.88, 1.17) 0.74 (0.61, 0.90) 0.95 (0.83, 1.08) 1.17 (0.75, 1.83)

  Emergency department vs. Primary care facilities

      During recession 1.55 (1.10, 2.18) 1.68 (0.98, 2.89) 1.59 (1.11, 2.29) 1.11 (0.41, 3.02)

      After recession 1.87 (1.33, 2.65) 2.44 (1.46, 4.07) 2.09 (1.52, 2.88) 0.49 (0.18, 1.33)

Overnight hospital stay in last y (Yes vs. No)

    During recession 1.01 (0.83, 1.25) 1.05 (0.83, 1.33) 1.06 (0.88, 1.27) 0.93 (0.67, 1.30)

    After recession 1.06 (0.86, 1.31) 1.01 (0.82, 1.24) 1.01 (0.84, 1.22) 1.08 (0.84, 1.39)

No. of healthcare visits over past y (≥ 4 vs. 0-3)

    During recession 1.03 (0.89, 1.21) 0.89 (0.75, 1.05) 0.98 (0.87, 1.10) 1.10 (0.92, 1.31)

    After recession 0.96 (0.87, 1.07) 0.82 (0.70, 0.95) 0.94 (0.86, 1.03) 0.84 (0.70, 0.995)

Mental health visits over past y (Yes vs. No)

    During recession 0.95 (0.72, 1.25) 0.91 (0.67, 1.24) 0.95 (0.75, 1.19) 0.62 (0.37, 1.04)

    After recession 1.01 (0.78, 1.30) 0.89 (0.70, 1.13) 0.93 (0.77, 1.13) 1.09 (0.65, 1.83)

* Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and 
physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight 
status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio <2.
† Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty 
ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants 
with employment.
‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, 
employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, 
ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study 
participants 19-64 years.

Table 4. (Continued).

Outcome variables
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recession, as compared with those before the recession. 
However, people with CVD from lower income families were 
more likely to have health insurance during the recession. 
People with CVD from high-income families were more likely 
to receive routine healthcare from an Emergency Department 
rather than primary care facilities during the recession, and 
less likely to use outpatient services after the recession. People 
< 65 years who had a diagnosis of CVD were more likely to 
have health plans to cover part of the cost of prescriptions after 
the recession, less likely to have private insurance during the 
recession, and had less outpatient visits during the recession. 
People with CVD who reported a high family income, or ≥ 65 
years were less likely to use mental health services during the 
recession.      

Although low rates of health insurance coverage persistently 
exist among low-income groups in countries with or without 
universal health insurance [24], this study found that people 
diagnosed with CVD from low-income families were more 
likely to be covered by health insurance during the Great 
Recession (OR: 1.57, 95% CI: 1.01, 2.45) than before the 
recession. There was no such change for low-income people 
without CVD. According to the 2003-2012 NHANES data, the 
percentage of people with CVD who were covered by any 
type of government insurance was 66.6% before the recession, 
increased to 70.7% during the recession, and then decreased 
to 68.3% after the recession, although this difference was not 
statistically significant (p = 0.204). In addition, research has 
shown that health insurance may significantly reduce the out-
of-pocket health expenditures among insured individuals 
[25]. Given income decline or unemployment during the Great 
Recession and serious pre-existing conditions such as CVD, it 
may be a natural response of people diagnosed with CVD to 
seek financial protection against possible catastrophic cardiac 
events, by acquiring health insurance coverage [26,27]. 

The results of this study showed that people with CVD, 
from high-income families were more likely to receive routine 
healthcare from an Emergency Department rather than 
primary care facilities during the recession (p < 0.05). The 
adverse impact of job loss and job insecurity on cardiovascular 
morbidity and mortality in the US populations has been 
previously reported [6]. Cardiovascular conditions such as 
hypertension and chest pain are among the most common 
reasons for Emergency Department visits during the Great 
Recession [28,29]. Although high-income households may lose 
larger absolute wealth resources during the Great Recession, 
low-income and minority families experienced greater 
relative declines in wealth [30]. It has been postulated that 
an increased use of Emergency Department services was only 
observed among CVD patients from high-income families 
probably because patients from low-income families may 
forego medical care due to financial concerns [14]. 

According to data in this study, individuals < 65 years who 
had a diagnosis of CVD, had less outpatient visits during the 
Great Recession, and those with CVD that had a high family 
income or worked, were less likely to use outpatient services 
after the recession. Previous studies have demonstrated a 
negative relationship between unemployment rate and use of 
outpatient services among people < 65 years [31]. Long working 
week hours, in combination with increased copayments or 
deductibles, may result in reduced use of outpatient services 
among people not covered by government health programs 
during or after the Great Recession [32,33].             

A large body of literature has linked economic crisis and 
mental disorders such as depression [6, 34-36]. Despite no 
significant improvement in self-reported general health 
condition among our study population, significant decreases 
in the use of mental healthcare among CVD patients were 
observed, particularly during the Great Recession. High cost 
and lack of insurance coverage are the major barriers to 
accessing mental healthcare [37]. Given the potential financial 
strains during a recession, CVD patients may forego mental 
healthcare, in order to meet their care needs and treatment for 
pre-existing cardiovascular conditions.

In this study it was observed that people aged 65 years and 
over, regardless of their CVD status, were more likely to be 
covered by private insurance during the Great Recession, while 
people < 65 years with CVD were less likely to have private 
insurance coverage during the same period (OR: 0.53, 95% 
CI: 0.28, 0.997). About 75% of the seniors who had Medicare 
public health insurance, also had some form of private health 
insurance [38]. A main reason for holding private insurance is 
to fill the gaps for services that public health programs, e.g., 
Medicare, does not cover [39]. Other reasons include timely 
access to healthcare, flexibility to choose service providers, and 
self-reliance [40]. 

This study has several limitations. Firstly, due to the cross-
sectional nature of NHANES, longitudinal relationships of 
changes in health insurance coverage and healthcare use 
with the Great Recession could not be investigated. Therefore, 
causal relationships based on present findings could not be 
established. Secondly, information on insurance coverage 
and use of health services was self-reported and not verified 
through medical records, which may contain reporting bias. 
Lastly, this study performed multiple statistical tests which 
provided a few significant results. Unlike confirmatory studies, 
this study was exploratory and adjustments for multiple 
comparisons were not conducted to avoid additional problems 
that “p value correction” may cause [41]. However, we suggest 
readers to be cautious when interpreting the results from this 
study. Further studies are needed to confirm these findings.  
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Conclusion

In this study it was observed that an economic crisis may 
significantly affect health insurance coverage and health service 
use among the adult population of the US. Coverage of health 
insurance and possession of health plans for prescriptions 
increased significantly among those with and without CVD. 
Emergency rooms rather than primary care facilities were more 
likely to be used for routine healthcare among individuals with 
and without CVD during the Great Recession. Use of mental 
health services was reduced significantly among CVD patients 
during the recession. Longitudinal studies are warranted to 
confirm these findings, clarify their temporal relationships, 
and evaluate possible long-term effects of the Great Recession 
on people’s health and healthcare systems in the US. As one of 
the costliest health problems, CVD has a substantial financial 
impact on total health expenditures in the US [42]. During 
2010, the direct care expenditures for diagnosis and treatment 
of CVD were $273 billion in the US, and the estimated costs 
of lost productivity and premature mortality associated with 
CVD were an additional $172 billion [42]. According to the 
findings in this study, it is critically important for stakeholders, 
policy makers, and health professionals to minimize the 
adverse impact of potential economic downturns by; 1) 
promoting knowledge, transparency, and availability of public 
and private health insurance among low-income populations 
with or without pre-existing chronic diseases such as CVD, 
2) enhancing public healthcare services for the elderly (≥ 65 
years), and 3) improving access to primary care, and reducing 
Emergency Department use by redirecting non-urgent patients 
to primary care providers, or providing alternatives such as 
retail clinics and urgent care centers. In addition, special efforts 
are needed to reduce the barriers to mental healthcare and 
promote the use of mental health services among CVD patients. 
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Appendix I.

Potential confounders

Information on participant’s age and gender was collected 
using questionnaires. Groups were formed using 5-year age 
gaps in the regression models. Race/ethnicity was categorized 
into non-Hispanic white, non-Hispanic black, Mexican 
American, other Hispanic, and other. Body weight and height 
were measured by trained health technicians and used to 
calculate body mass index (BMI). Weight status was classified 
as underweight if BMI < 18.5 kg/m2, normal weight if 18.5 kg/
m2 ≤ BMI < 25 kg/m2, overweight if 25 kg/m2 ≤ BMI < 30 kg/m2, 
and obese if BMI ≥ 30 kg/m2 [22]. Participant’s education was 
categorized as less than high school, high school with diploma 
or General Equivalency Diploma (GED), and some college or 
above. Family income-to-poverty ratio (IPR) was grouped into 
three categories: < 2, 2 to 4.5, and ≥ 4.5. 

Participants were considered to be not employed if they 
reported “looking for work” or “not working at a job or 
business” in the week before the interview. Participants who 
were identified as currently smoking reported smoking at least 
100 cigarettes during their entire life and reported smoking 
either every day or some days at the time of interview. Former 
smokers were those that had smoked at least 100 cigarettes 
during their lifetime but currently did not smoke. Physical 
Activity Questionnaire changed between 2001-2006 and 2007-
2010 cycles. Participants were considered to be physically 
active 1) if they reported walking/standing a lot, carrying loads 
often, or taking heavy work during the day in the 2003-2006 
NHANES; or 2) if they had vigorous or moderate-intensity 
activities for at least 10 minutes continuously for work or 
recreation, or walked or used a bicycle for at least 10 minutes 
continuously for transportation during a typical week in the 
2007-2012 NHANES.  


