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The United States stands alone among indus-
trialized nations in not providing health cov-
erage to all of its citizens. Currently, 46 million
Americans lack health coverage.1 Despite re-
peated attempts to expand health insurance,
uninsurance remains commonplace among US
adults.

Health insurance facilitates access to
health care services and helps protect
against the high costs of catastrophic illness.
Relative to the uninsured, insured Ameri-
cans are more likely to obtain recommended
screening and care for chronic conditions,2

and are less likely to suffer undiagnosed chronic
conditions3 or to receive substandard medical
care.4

Numerous investigators have found an as-
sociation between uninsurance and death.5–14

The Institute of Medicine (IOM) estimated that
18314 Americans aged between 25 and 64
years die annually because of lack of health
insurance, comparable to deaths because of
diabetes, stroke, or homicide in 2001 among
persons aged 25 to 64 years.4 The IOM estimate
was largely based on a single study by Franks
et al.5 However, these data are now more than
20 years old; both medical therapeutics and
the demography of the uninsured have changed
in the interim.

We analyzed data from the Third National
Health and Nutrition Examination Survey
(NHANES III). NHANES III collected data on
a representative sample of Americans, with
vital status follow-up through 2000. Our ob-
jective was to evaluate the relationship be-
tween uninsurance and death.

METHODS

The National Center for Health Statistics
(NCHS) conducted NHANES III between
1988 and 1994. The survey combined an
interview, physical examination, and labora-
tory testing. NHANES III employed a complex
sampling design to establish national esti-
mates of disease prevalence among the

noninstitutionalized civilian population in the
United States.15 Staff performed interviews in
English and Spanish.

The NHANES III Linked Mortality File
matched NHANES III records to the National
Death Index (NDI). The NCHS’s linkage, which
uses a probabilistic matching strategy through
December 31, 2000, is described elsewhere.16

The NCHS perturbed the file to prevent reiden-
tification of survey participants. Vital status was
not altered in this process. The publicly released
data yield survival analysis results virtually
identical to the restricted-use NHANES III
Linked Mortality File.17

In designing our analysis, we hewed closely
to Franks’5 methodology to facilitate interpreta-
tion of time trends. We analyzed data for in-
dividuals who reported no public source of
health insurance at the time of the NHANES III
interview. First, we excluded those aged older
than 64 years, as virtually all are eligible for
Medicare. Of the 33994 individuals participat-
ing, 14798 were aged between 17 and 64 years
at the time of the interview. In keeping with
earlier analyses,5–7,13 we also excluded noneld-
erly Medicare recipients and persons covered by
Medicaid and the Department of Veterans

Affairs/CHAMPUS military insurance
(n=2023), as a substantial proportion of those
individuals had poor health status as a prerequi-
site for coverage. Of the 12775 participants not
covered by government insurance, we excluded
663 (5.2%) who lacked information on health
insurance. We excluded 974 of the remaining
12112 who were covered by private insurance
or uninsured at the time of the interview because
of failure to complete the interview and physical
examination. Of the remaining 11138, we in-
cluded only the 9005 with complete baseline
data from both the interview and physical
examination in our final analysis (Figure 1).
Among those with complete insurance data,
those with complete interview and examination
data were both less likely to be uninsured
(16.4% vs 21.6%; P<.001) and less likely to die
(3.0% vs 4.5%; P<.001).

NHANES III staff interviewed respondents
in their homes regarding demographics (in-
cluding health insurance). Participants
responded to questions about race, ethnicity,
income, and household size. The sample design
permits estimation for 3 racial/ethnic groups:
non-Hispanic White, non-Hispanic Black, and
Mexican American. The NCHS created
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a variable that combined family income and
the poverty threshold during the year of in-
terview (the poverty income ratio), allowing
income to be standardized for family size and
compared across the 6 years of data collec-
tion.18

NHANES III interviewers also collected
data on education, employment, tobacco use,
alcohol use, and leisure exercise. We ana-
lyzed education dichotomously, comparing
those with 12 years or more education to
those with less than 12 years. We considered

respondents to be unemployed if they were
looking for work, laid off, or unemployed. All
others, including the employed, students,
homemakers, and retirees were considered
‘‘not unemployed.’’ We considered smokers
in 3 categories: current smokers, former
smokers (those who had smoked more than
200 cigarettes in their lifetime), and non-
smokers. We labeled those drinking more than
6 alcoholic beverages per week as regular
drinkers. We analyzed exercise in 2 groups:
those achieving greater than or equal to 100

metabolic equivalents (METs) per month, ver-
sus those achieving less than 100 METs per
month.19,20

NHANES III measured participants’ self-
perceived health in 5 categories: excellent, very
good, good, fair, and poor. We combined the
last 2 groups because of small numbers.
NHANES physicians performed physical ex-
aminations on all participants and provided an
impression of overall health status rated as
excellent, very good, good, fair, and poor.21 We
combined the final 2 groups because of small
numbers. We analyzed body mass index (BMI;
weight in kilograms divided by height in meters
squared) in 4 categories: less than 18.5; 18.5 to
25; more than 25 to less than 30; and 30 and
higher.

NHANES III oversampled several groups,
including Black persons, Mexican Americans,
the very young (aged 2 months to 5 years), and
those aged older than 65 years. To account for
this and other design variables we used the
SUDAAN (version 9.1.3, Research Triangle
Institute, Research Triangle Park, NC) SUR-
VIVAL procedure and SAS proc SURVEY-
FREQ (version 9.1, SAS Institute Inc, Cary, NC)
to perform all analyses. We (as did Franks et
al.5) employed unweighted survival analyses and
controlled for the variables used in determining
the sampling weights (age, gender, and race/
ethnicity) because of the inefficiency of weighted
regression analyses.22

We analyzed the relation between insurance,
demographics, baseline health status variables,
and mortality by using c2 tests. We then used
a Cox proportional hazards survival analysis
controlling only for age and gender to determine
if lack of health insurance predicted mortality.
We repeated the analysis of the relationship of
insurance to mortality after forcing all covariates
in the model. In this Cox proportional hazards
analysis, we controlled for gender, age, race/
ethnicity (4 categories), income (poverty income
ratio), education, current unemployment,
smoking status (3 categories), regular alcohol
use, self-rated health (4 categories), physician-
rated health (4 categories), and BMI (4 cate-
gories). We tested for significant interactions
between these variables and health insurance
status (i.e., P<.05). We handled tied failure
times by using the Efron method.

We performed multiple sensitivity analy-
ses to analyze the robustness of our results.

Note. NHANES III = National Health and Nutrition Examination Survey; VA/CHAMPUS = Veterans Affairs/Civilian Health and

Medical Program of the Uniformed Services.

FIGURE 1—Study population and exclusions.

RESEARCH AND PRACTICE

2 | Research and Practice | Peer Reviewed | Wilper et al. American Journal of Public Health | December 2009, Vol 99, No. 12



We developed a propensity score model and
controlled for the variables in our previous
models (with the exception of health insur-
ance status), as well as marital status;
household size; census region; number of
overnight visits in hospital in past 12
months; number of visits to a physician in
past 12 months; limitations in work
or activities; job or housework changes or
job cessation because of a disability or
health problem; and number of self-reported
chronic diseases, including emphysema,
prior nonskin malignancy, stroke, congestive
heart failure, hypertension, diabetes, or hy-
percholesterolemia. Next, we included the
propensity score in the multivariable model
with the indicator for insurance status. In
addition, we tested for the effect of including
those covered by Medicaid by using our
original Cox model and the propensity score
adjusted analysis. In a subsidiary analysis,
we excluded employment, and self- and
physician-rated health, as these covariates
may be a result of limited access to health
care because of uninsurance.

To facilitate interpretation of our hazard
ratio, we first replicated the calculation in the
IOM report to estimate the number of US
adults who die annually because of lack of
health insurance. This approach applies the
overall hazard ratio to 9-year age strata and
sums these figures to arrive at an annual
number of deaths attributable to lack of health
insurance. We then recalculated this figure by
using the slightly different approach utilized
by the Urban Institute, which does not age
stratify when calculating total mortality. We
believe this approach to be more accurate
than that used to produce the IOM estimate, as
it calculates mortality from the entire age
range that the hazard ratio was calculated
from, as opposed to calculating mortality over
10-year age strata.23

RESULTS

We display baseline characteristics of the
sample in Table 1; 9004 individuals contrib-
uted 80657 person-years of follow-up time
between 1988 and 2000½Q1� . Of these, 16.2%
(95% confidence interval [CI]=14.1%, 18.2%)
were uninsured at the time of interview.
Uninsurance was associated with younger age,

TABLE 1—Insurance and Mortality Among Nonelderly US Adults Aged 17 to 64 Years:

NHANES III (1986–1994) With Follow-Up Through 2000

Characteristic No. (weighted %) % Uninsured (SE) % Died (SE)

Vital status as of December 31, 2000

Alive 8653 (96.9) 16.2 (1.0) 0

Deceased 351 (3.1) 17.2 (2.8) 100

Insurance statusa

Privately insured 6655 (83.8) 0 3.0 (0.3)

Uninsured 2350 (16.2) 100 3.3 (0.6)

Gender

Female 4695 (50.2) 15.1 (1.1) 2.6 (0.3)

Male 4311 (49.8) 17.3 (1.3) 3.5 (0.4)

Age, y

17–24 1750 (17.1) 28.5 (2.5) 0.7 (0.2)

25–34 2338 (27.1) 19.7 (1.5) 1.4 (0.4)

35–44 2177 (26.2) 11.6 (1.2) 1.7 (0.3)

45–54 1529 (16.8) 10.8 (1.4) 5.1 (0.9)

55–64 1344 (12.7) 8.9 (1.4) 10.7 (1.1)

Race/ethnicity

Non-Hispanic White 3484 (78.1) 12.3 (0.8) 3.1 (0.4)

Non-Hispanic Black 2567 (9.9) 22.6 (2.1) 4.1 (0.5)

Mexican American 2598 (5.1) 45.5 (1.9) 3.1 (0.4)

Other 355 (6.9) 29.5 (7.3) 0.9 (0.4)

Education, y

< 12 2917 (19.6) 37.4 (3.0) 4.1 (0.5)

‡ 12 6087 (80.4) 11.0 (0.7) 2.8 (0.3)

Employment

Unemployedb 511 (4.0) 49.8 (3.9) 5.3 (1.3)

All others 8493 (96.0) 14.8 (0.9) 3.0 (0.3)

Poverty income ratioc

0–1 1678 (9.2) 56.2 (2.7) 4.3 (0.9)

> 1–3 4171 (39.7) 22.1 (1.7) 3.0 (0.3)

> 3 3155 (51.2) 4.4 (0.5) 3.0 (0.4)

Smoking status

Current smoker 2465 (29.1) 22.8 (1.8) 4.6 (0.5)

Former smokerd 1794 (22.3) 10.4 (1.1) 4.2 (0.7)

Nonsmoker 4745 (48.6) 14.9 (1.1) 1.7 (0.3)

Drinking status, alcoholic drinks/wk

< 6 1811 (21.7) 19.6 (1.5) 2.8 (0.4)

‡ 6 7193 (78.3) 15.3 (1.1) 4.3 (0.7)

Exercise, METs/mo

‡ 100 3475 (42.0) 13.7 (1.1) 2.9 (0.4)

< 100 5529 (58.0) 18.0 (1.1) 3.2 (0.4)

Self-rated health

Excellent 1675 (23.4) 9.3 (1.3) 2.0 (0.4)

Very good 2499 (34.9) 12.0 (0.9) 1.4 (0.4)

Good 3288 (31.7) 20.5 (1.9) 3.3 (0.4)

Fair or poor 1542 (9.9) 33.6 (2.5) 10.8 (1.2)

Continued
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race/ethnicity½Q2� , unemployment, smoking, exer-
cise½Q3� , self-rated health

½Q4�
, and lower levels of

education and income (P<.001 for all com-
parisons). Regular alcohol use and physician-
rated health

½Q5�
were also associated with higher

rates of uninsurance (P<.05 for both com-
parisons).

By the end of follow-up in 2000, 351 in-
dividuals or 3.1% (95% CI=2.5%, 3.7%) of
the sample, had died (Table 1). Significant
bivariate predictors of mortality included male
gender (P=.04), age (P<.001), minority race/
ethnicity (P<.001), less than 12 years of
education (P=.008), unemployment (P=.02),
smoking (P<.001), regular alcohol use
(P=.04), worse self-rated health status
(P<.001), and worse physician-rated health
status (P<.001).

In the model adjusted only for age and
gender, lack of health insurance was signifi-
cantly associated with mortality (hazard ratio
[HR]=1.80; 95% CI=1.44, 2.26). In subse-
quent models adjusted for gender, age, race/
ethnicity, poverty income ratio, education,
unemployment, smoking, regular alcohol use,
self-rated health, physician-rated health, and
BMI, lack of health insurance significantly
increased the risk of mortality (HR=1.40;
95% CI=1.06,1.84; Table 2). We detected no
significant interactions between lack of health
insurance and any other variables. Our

sensitivity analyses yielded substantially sim-
ilar estimates.

Replicating the methods of the IOM panel
with updated census data24,25 and this hazard
ratio, we calculated 27424 deaths among
Americans aged 25 to 64 years in 2000
associated with lack of health insurance. Apply-
ing this hazard ratio to census data from
200526 and including all persons aged 18 to 64
years yields an estimated 35327 deaths annu-
ally among the nonelderly associated with lack
of health insurance. When we repeated this
approach without age stratification, (thought by
investigators at the Urban Institute to be an
overly conservative approach)23 we calculated
approximately 44789 deaths among working-
age ½Q6�Americans in 2005 associated with lack of
health insurance.

DISCUSSION

The uninsured are more likely to die than
are the privately insured. We used a nationally
representative data set to update the oft-cited
study by Franks et al. and demonstrate the
persistence of increased mortality attributable
to uninsurance. Our findings are in accord
with earlier research showing that lack of
health insurance increases the likelihood of
death in select illnesses and populations.5–7,13

Our estimate for annual deaths attributable to

uninsurance among working-age Americans is
more than 140% larger than the IOM’s earlier
figure.23

By using methodologies similar to those used
in the 1993 study, we found that being un-
insured is associated with a similar hazard for
mortality (1.40 for our study vs 1.25 for the
1993 study). Although the NHANES I study
methodology and population were similar
to those used in NHANES III, differences exist.
The population analyzed in the original study
was older on average than were participants in
our sample (22.8% vs 55.6% aged 34 years or
younger). The maximum length of follow-up
was less (16 years vs 12 years), and the earlier
analysis was limited to White and Black per-
sons, whereas the present study also includes
Mexican Americans.

The relative youthfulness and shorter
follow-up in our study population would be
expected to reduce our power to detect an
elevated risk of death. In addition, if gaining
Medicare reduces the effect of uninsurance
on mortality, then the younger age and
shorter length of follow-up in our study
might strengthen the association between
uninsurance and mortality compared with
the earlier study. It is less clear how the
differences in the racial and ethnic make-up
of our study population would affect our
ability to detect difference in risk of death.
In fact, the increased likelihood of uninsur-
ance among Mexican Americans who were
nonetheless no more likely to die than non-
Hispanic Whites might also be expected to
reduce our power compared with the earlier
study.

The original analysis confirmed vital status
by review of decedents’ death certificates.
The NCHS had developed a probabilistic
matching strategy to establish vital status. A
subsample underwent death certificate review
and verification; 98.7% were found to be
correctly classified following this review.16

Again, it is not clear how any misclassification
would bias our results. Moreover, Congress
extended Medicare coverage in 1972 to 2
nonelderly groups: the long-term disabled and
those with end-stage renal disease.27 So, al-
though both studies excluded Medicare enroll-
ees, only ours entirely excluded disabled non-
elderly adults who are at particularly high risk of
death.

TABLE 1—Continued

Physician-rated health on examination

Excellent 4627 (54.2) 16.8 (1.2) 1.8 (0.3)

Very good 2179 (24.4) 13.3 (1.2) 2.6 (0.5)

Good 1858 (18.4) 17.2 (1.4) 4.9 (0.7)

Fair or poor 340 (3.0) 21.7 (4.8) 19.0 (2.6)

Measured BMI

< 18.5 205 (2.7) 19.8 (4.0) 4.0 (1.4)

18.5–25 3764 (46.8) 16.4 (1.2) 2.4 (0.3)

> 25–< 30 2853 (30.4) 14.9 (1.2) 3.3 (0.7)

‡ 30 2182 (20.0) 17.2 (1.8) 4.3 (0.8)

Notes. BMI = body mass index (weight in kg divided by height in meters squared); METs = metabolic equivalents;
NHANES = National Health and Nutrition Examination Survey.
aFor those with complete data for all characteristics; excludes those covered by any government insurance.
bLooking for work, laid off, or unemployed.
cCombines family income, poverty threshold, and year of survey to allow analysis of income data across the 6 years of
NHANES III; less than 1 indicates less than the poverty threshold.
dMore than 200 cigarettes in lifetime.
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The mechanisms by which health insurance
affects mortality have been extensively studied.
Indeed, the IOM issued an extensive report
summarizing this evidence.29 The IOM identi-
fied 3 mechanisms by which insurance improves
health: getting care when needed, having a
regular source of care, and continuity of cover-
age.

The uninsured are more likely to go without
needed care than the insured. For instance,
Lurie et al. demonstrated that among a medi-
cally indigent population in California, loss of
government-sponsored insurance was associ-
ated with decreased use of physician services
and worsening control of hypertension.30,31

The uninsured are also more likely to visit the
emergency department32 and be admitted to
the hospital33 for ‘‘ambulatory care sensitive
conditions,’’ suggesting that preventable illnesses
are a consequence of uninsurance.

The chronically ill uninsured are also less
likely to have a usual source of medical care,34

decreasing their likelihood of receiving preven-
tative and primary care. Discontinuity of insur-
ance is also harmful; those intermittently un-
insured are more likely to die than the insured.13

All of these factors likely play a role in the
decline in health among middle-aged unin-
sured persons detected by Baker et al.35,36 This
trend appears to reverse at age 65, when the
majority gains access to Medicare coverage.37

Other studies suggest that extending health

insurance not only improves health, but also may
be cost effective.38

Limitations

Our study has several limitations.
NHANES III assessed health insurance at
a single point in time and did not validate
self-reported insurance status. We were un-
able to measure the effect of gaining or losing
coverage after the interview. Point-in-time
uninsurance is associated with subsequent
uninsurance.6 Intermittent insurance coverage
is common and accelerates the decline in health
among middle-aged persons.35 Among the near-
elderly, point-in-time uninsurance was associ-
ated with significant decline in overall health
relative to those with private insurance.13 Earlier
population-based surveys that did validate in-
surance status found that between 7% and 11%
of those initially recorded as being uninsured
were misclassified.13 If present, such misclassifi-
cation might dilute the true effect of uninsur-
ance in our sample. We excluded 29.5% of the
sample because of missing data. These individ-
uals were more likely to be uninsured and to
die, which might also bias our estimate toward
the null.

We have no information about duration of
insurance coverage from this survey. Further,
we have no data regarding cost sharing

½Q7�among the insured; cost sharing worsened
blood pressure control among the poor in the
RAND Health Insurance Experiment, and was
associated with decreased use of essential
medications, and increased rates of emergency
department use and adverse events in a ran-
dom sample of elderly and poor Cana-
dians.39,40

Unmeasured characteristics (i.e., that indi-
viduals who place less value on health es-
chew both health insurance and healthy
behaviors) might offer an alternative expla-
nation for our findings. However, our analy-
sis controlled for tobacco and alcohol use,
along with obesity and exercise habits. In
addition, research has found that more than
90% of nonelderly adults without insurance
cite cost or lack of employer-sponsored cov-
erage as reasons for being uninsured,
whereas only 1% percent report ‘‘not need-
ing’’ insurance.41 In fact, the variables included
in our main survival analysis may inappropri-
ately diminish the relationship between

TABLE 2—Adjusted Hazards for

Mortality Among US Adults Aged

17 to 64 Years: NHANES III,

1988–2000

Characteristic

Hazards Ratio

(95% CI)

Insurance status

Privately insureda (Ref) 1.00

Uninsured 1.40 (1.06, 1.84)

Ageb 1.06 (1.05, 1.07)

Gender

Female (Ref) 1.00

Male 1.37 (1.13, 1.68)

Race/ethnicity

Non-Hispanic White (Ref) 1.00

Non-Hispanic Black 1.32 (0.98, 1.79)

Mexican American 0.88 (0.64, 1.19)

Other 0.46 (0.24, 0.90)

Exercise, METs/mo

‡ 100 (Ref) 1.00

< 100 1.05 (0.80, 1.38)

Smoking status

Nonsmoker (Ref) 1.00

Current smoker 2.02 (1.43, 2.85)

Former smokerc 1.42 (1.09, 1.85)

Drinking status,

alcoholic drinks/wk

< 6 (Ref) 1.00

‡ 6 1.38 (0.99, 1.92)

Education, y

‡ 12 (Ref) 1.00

< 12 0.98 (0.75, 1.27)

Employment

Not unemployedd (Ref) 1.00

Unemployed 1.40 (0.92, 2.14)

Self-rated health

Excellent (Ref) 1.00

Very good 0.67 (0.42, 1.09)

Good 1.27 (0.84,1.90)

Fair or poor 2.26 (1.40, 3.64)

Physician-rated health

Excellent (Ref) 1.00

Very good 0.99 (0.77, 1.27)

Good 1.17 (0.90, 1.52)

Fair or poor 3.22 (2.26, 4.58)

Measured BMI

< 18.5 1.26 (0.69, 2.29)

18.5–25 (Ref) 1.00

Continued

TABLE 2—Continued

> 25–< 30 0.87 (0.66, 1.15)

‡ 30 0.89 (0.69, 1.15)

Poverty income ratioe 1.03 (0.95, 1.12)

Notes. BMI = body mass index (weight in kg divided by
height in meters squared); CI = confidence interval;
METs = metabolic equivalents.
aFor those with complete data for all characteristics;
excludes those covered by any government insurance.
bHazard ratio reflects risk for every 1-year increase in
age.
cMore than 200 cigarettes in lifetime.
dLooking for work, laid off, or unemployed.
eCombines family income, poverty threshold, and year
of survey to allow analysis of income data across the 6
years of NHANES III; less than 1 indicates less than
the poverty threshold. Entered into regression model
as a continuous variable. Hazard ratio represents
change for every 1 unit increase in the poverty income
ratio.
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insurance and death. For example, poor physi-
cian-rated health, poor self-rated health, and
unemployment may result from medically pre-
ventable conditions. Indeed, earlier analyses
suggest that the true effect of uninsurance is
likely larger than that measured in multivariate
models.13,42 In addition, Hadley found that
accounting for endogeneity bias by using an
instrumental variable increases the protective
effect of health insurance on mortality.42

Conclusions

Lack of health insurance is associated with
as many as 44789 deaths per year in the
United States, more than those caused by
kidney disease (n=42868).43 The increased
risk of death attributable to uninsurance
suggests that alternative measures of access
to medical care for the uninsured, such as
community health centers, do not provide the
protection of private health insurance. De-
spite widespread acknowledgment that
enacting universal coverage would be life
saving, doing so remains politically thorny.
Now that health reform is again on the
political agenda, health professionals have
the opportunity to advocate universal cover-
age. j
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