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ABSTRACT
Introduction: The Centers for Disease Control and Prevention

(CDC) has reported downward trends in life expectancy and
racial/ethnic differences between 2014 and 2017.

Objective: To determine the life expectancy of the Kaiser Per-
manente Mid-Atlantic States (KPMAS) insured population as
compared to the CDC National Vital Statistics data from 2014 to
2017. We also aimed to highlight the utilization of membership
data to inform population statistical estimates such as life expec-
tancy. We examine whether national trends in life expectancy
are reflected in an insured population with relatively uniform
access to care.

Methods: This retrospective, data only study examined life
expectancy between 2014 and 2017. Data from electronic medi-
cal records and the National Death Index were combined to
construct complete life tables by race and sex for the KPMAS
population, which was compared to the CDC National Vital Sta-
tistics data.

Results: From 2014 to 2017, the overall KPMAS population
life expectancy at birth varied between 84.6 and 85.2 years com-
pared to the CDC reported national average of 78.6-78.9 years
(p , 0.001). While the CDC dataset reported a 3.5- to 3.7-year
life expectancy gap between non-Hispanic White and non-
Hispanic Black populations, in the KPMAS population, this gap
was significantly smaller (0.0-0.9 years). The gap in life expec-
tancy between males and females was consistent across KPMAS
and the CDC data; however, overall KPMAS male and female
patient life expectancy was extended in comparison.

Conclusion: Among members who disclosed their race/eth-
nicity, KPMAS Hispanic, non-Hispanic Black, and non-Hispanic
White members had significantly higher life expectancies than
the CDC dataset in all years reported.

INTRODUCTION
Life expectancy has long been used as a population-based

indicator of health as it reflects improvements and changes
in public health, health care, economic conditions, and social
factors.1,2 Since 2014, the Centers for Disease Control and
Prevention’s (CDC’s) National Center for Health Statistics
has reported a decline in US life expectancy.3,4 The reasons
for this decline are varied and include factors that impact
uninsured and insured populations alike, including drug
overdose (particularly related to the opioid crisis), suicide,
and disease (liver disease, metabolic diseases).5–8

Life expectancy disparities by sex, race/ethnicity, and other
factors have been widely reported in the United States.8–11

However, research into the precise mechanisms driving
these differences is ongoing. Complex variations in lifestyle,
environment, education, social factors, economic variables,
health status, and care access, as well as biological or genetic
factors and more, exert influence.8,12–16 Even globally, socio-
economic status and comorbidities have a significant impact
on life expectancy.17–19 Studies have indicated that being
uninsured or underinsured can also influence mortality and
life expectancy.20–23 One difficulty in exploring the relation-
ship between insurance and life expectancy is that public
datasets, such as the CDC National Vital Statistics data, do
not include details regarding insurance status and line of
business (public, private).
When faced with disparities and declines in national life

expectancy, health care delivery systems have an opportunity
to examine the health of insured populations served to
understand whether national trends are reflected locally and
to understand trends in insured populations. Delivery sys-
tems can then explore potential health care or social inter-
ventions to offset any disparities present.24–27 More broadly,
understanding the life expectancy trends within an insured
population contributes meaningful information to the con-
versation around the value of expanding health insurance to
reach all populations.
Kaiser Permanente Mid-Atlantic States (KPMAS) is an

integrated care delivery system comprised of a partnership
between the Kaiser Foundation Health Plan and the Mid-
Atlantic Permanente Medical group, which serves over
760,000 members in Washington DC, Virginia, and Mary-
land.28 The organization offers comprehensive preventive
and acute care at over 48 clinical sites in the region.
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All members of the KPMAS system have health insurance
and comprehensive access to care with the same medical
teams available.

OBJECTIVE
In response to the declines in life expectancy seen in the

CDC’s National Center for Health Statistics dataset,
KPMAS sought to examine life expectancy trends within
the organization’s insured population across the same period,
to determine if national trends were also reflected locally.
Because of the broad uniformity in care across communities
and time, and the presence of health insurance, KPMAS
was in a strong position to examine whether national trends,
including declining life expectancy and differences by race/
ethnicity, were reflected in its member population.

METHODS
Design
To estimate life expectancy of KPMAS members, we uti-

lized existing information from members’ electronic health
records. Members were included in the study if they had
active coverage on July 1st of any year from 2014 to 2017, or
if they had died any time between 2014 and 2017 with active
membership in a KPMAS health plan. Electronic health
record information includes sex, self-reported race/ethnicity,
and date of birth. Death records were retrieved from the
National Death Index and matched to KPMAS records.29

Main Outcomes
Race/Ethnicity The race/ethnicity groupings utilized in the

study were self-reported by members and included: Asian
and Pacific Islander, Hispanic, non-Hispanic Black, non-
Hispanic White, and other; the data for additional race/eth-
nicity categories was too limited to include. The CDC does
not report life expectancy for Asian and Pacific Islanders, so
no race/ethnicity equivalent comparison group was available.
For the analysis of life expectancy by racial background, a
“nonreporter” category was used for members who chose not
to disclose their racial background. Additional analyses for
nonreporters were conducted using the Geographically
Enriched Member Sociodemographics database that
imputes the probability that a member would identify as
belonging to each race/ethnicity category.30 Race/ethnicity
probabilities are computed by the Bayesian Improved Sur-
name Geocoding method, which utilizes member’s surname,
home address, and US census information (Supplementary
Material).31,32

Life Expectancy Calculations A modified version of the pro-
cess described by Anderson33 was employed to construct
complete life tables for the KPMAS population for the years
2014-2017. Modifications to the Anderson Mortality Rate

Algorithm included not utilizing age misspecification cor-
rections, as our birth date data is confirmed when members
access medical care. Observations of members over the age
of 100 were aggregated to produce a single mortality rate,
which was applied to all ages up to 120. This methodology
produced a death rate table, which was used to compute the
life expectancy of the associated population using the Ander-
son Life Expectancy Algorithm.

Confidence Interval Calculation Confidence intervals were
calculated on all death rates and life expectancies using a
parametric bootstrapping methodology. For each subpopu-
lation, we constructed the associated death rate table, then,
for each age a, we randomly sampled a new observation
from a binomial distribution with N as the number of mem-
bers having age a and p as the empirical death rate of mem-
bers having age a.
This simulation produced a new death rate for each age,

which was used to construct a new Life Expectancy table.
One thousand bootstrap simulations were performed for
each subpopulation; the 2.5th and 97.5th percentiles of these
observations were taken as the bounds for the bootstrap 95%
confidence interval.

p Value Calculation Unless otherwise noted, statistical sig-
nificance tests were computed using bootstrapping resam-
pling techniques, as described by Efron.34 We generated
bootstrap samples assuming the null hypothesis and exam-
ined the frequency with which the simulated data was as
extreme as, or more extreme than, the observed data.
To perform this resampling, we assume the null value’s

death rate by age is accurate. For comparisons against the
CDC data, this is the national average; for comparisons
between two KPMAS populations by sex or race/ethnicity,
this is the average of their respective values, weighted by
sample size. We then compute the life expectancy from the
resampled death rate tables. p values are computed by com-
paring the observed life expectancy to the distribution of life
expectancies estimated under the assumed null value’s death
rate using 1,000 bootstrap iterations.35

Excess Life Graphs The Excess Life Expectancy plots com-
pare the life expectations of 2 populations, the KPMAS
population and the CDC dataset (Figures 1 and 2). Excess
Life Expectancy plots for the year 2015 are shown, as 2015
represents one of the central years in the 2014-2017 study
period; year-over-year differences for other years were mini-
mal and did not change study results or conclusions (data
not shown). At each point in the plot, the line represents the
difference between the life expectancy of the first population
and the second. Some plots also included confidence
intervals computed using the bootstrapping method
described above.
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RESULTS
Demographics
During the study period, the KPMAS membership popu-

lation grew from approximately 513,000 to approximately
697,000 members. Table 1 shows summary statistics on the
characteristics of this population.[ID]TBL1[/ID] Across all
4 years, KPMAS had slightly more female than male mem-
bers. Members who did not identify as either female or male
were excluded from sex-based breakdowns. The KPMAS
population is highly diverse across racial backgrounds with
the largest group being non-Hispanic Black (36%-38%) and
non-Hispanic White (27%-31%; Table 1). Additionally,
between 9% and 10% of members do not report their race or

ethnicity in each year of the study period. Table 1 also shows
a breakdown of members by insurance type, including the
categories Medicare, Medicaid, and Commercial (includes
Exchanges). During the study period, between 73% and
77% of members were retained within the KPMAS-insured
population from year to year. Retention was not measured
against the KPMAS population predating the study period.
In addition, retention is only presented with respect to the
previous year, not with respect to any prior years.

Life Expectancy
From 2014 to 2017 the Overall Life Expectancy for mem-

bers of KPMAS was significantly higher than the national
averages reported by the CDC (Table 2). The overall
KPMAS population life expectancy at birth was between
84.1-85.2, compared to the CDC reported national average
of 78.6-78.9 (p , 0.001). As shown in Figure 1, KPMAS
members overall experienced increased longevity regardless
of age. KPMAS members experienced a life expectancy at
birth that typically exceeded the national average of other
members of their race or gender by 6-10 years (depending
on race, sex, and year), with confidence intervals of approxi-
mately6 0.5 years.
Among members who disclosed their racial/ethnic back-

ground, non-Hispanic Black, Hispanic, and non-Hispanic
White members of KPMAS experienced significantly longer
life expectancies than the CDC national averages and had
more equivalent Excess Life Expectancy averages across all
race/ethnicities (Figure 2, Table 2, Supplementary Table 3
at www.thepermanentejournal.org/files/2020/20.286supp.
pdf). Total life expectancy was higher (5.8-6.5 years) for
KPMAS non-Hispanic Whites compared to the CDC
non-Hispanic White population (Figure 2). Among
KPMAS non-Hispanic Blacks, life expectancy gains ranged
between 8.8 and 10.0 years over the CDC dataset, with an
average of approximately 9.5 years (Figure 2). These com-
parisons were significant at the a 5 0.05 significance level,
with p values , 0.001. The national gap between non-
Hispanic White and non-Hispanic Black populations
ranged between 3.5 and 3.7 years, with an average of
approximately 3.6 years. In contrast, non-Hispanic White
KPMAS members had approximately 0.4 years of excess life
expectancy over KPMAS non-Hispanic Black members.
This was a substantial decrease in the difference between the
non-Hispanic White and non-Hispanic Black populations,
although the difference between them was still statistically
significant (p 5 0.047 against the null hypothesis that
KPMAS non-Hispanic White population has the same life
expectancy as the non-Hispanic Black population).
Hispanic KPMAS members experienced a life expectancy

that ranged between 88.8 and 90.7 years. During the study

Figure 1. Overall excess life expectancy for all Kaiser Permanente Mid-Atlantic
States members over centers for Disease Control and Prevention dataset,
with 95% confidence intervals shown in colored shading (2015). CDC 5 Cen-
ters for Disease Control and Prevention; KPMAS 5 Kaiser Permanente Mid-
Atlantic States.

Figure 2. Overall excess life expectancy for all Kaiser Permanente Mid-Atlantic
States Members Over Centers for Disease Control and Prevention dataset, by
race, with 95% confidence intervals shown in colored shading (2015). CDC 5
Centers for Disease Control and Prevention; MAPMG 5 Mid-Atlantic Perma-
nente Medical Group.
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period, the KPMAS Hispanic population had life expectan-
cies of 6.9 to 8.9 years over national averages (Table 2, Sup-
plementary Table 3 at www.thepermanentejournal.org/files/
2020/20.286supp.pdf). Life expectancy in the KPMAS
Asian and Pacific Islander population ranged from 89.8 to
91.1 years during the study period, similar to the KPMAS
Hispanic population; however, there was no CDC compari-
son group available for this population (Supplementary
Material at www.thepermanentejournal.org/files/2020/20.
286supp.pdf). Within the KPMAS population, 9.0%-10.2%
of members without race/ethnicity reported were designated
as nonreporters. The study team utilized 3 methodologies to
account for unreported race/ethnicity. All statistics remained
significant at reported levels.
Both male and female KPMAS members had elevated

life expectancy compared to the CDC national averages
(Table 3). Female KPMAS members lived an expected
3.6-5.1 years longer than male KPMAS members in the
studied time period (Supplementary Table 4 at www.
thepermanentejournal.org/files/2020/20.286supp.pdf).

DISCUSSION
In this study, we examined the life expectancy of KPMAS

members (overall, by race/ethnicity, and by sex) as compared
to the CDC National Vital Statistics data from 2014 to
2017. Across all categories, we found that KPMAS mem-
bers were estimated to have longer life expectancy than the
national averages reported by the CDC.
Although many complex factors impact life expectancy,

including factors that correlate with insurance status, this

study offers several key contributions to the literature.36,37

Because insured KPMAS members’ access to health care
was roughly uniform due to the presence of health insurance,
and disparities by race/ethnicity and sex were reduced as
compared to the CDC dataset, our data offers insight into
how health insurance may contribute to the differences in
life expectancy between different insured communities in
the United States. Members of the KPMAS health care
delivery system experienced significant increases to life
expectancy across all subpopulations, especially in the non-
Hispanic Black community, compared with the CDC
dataset. This finding offers some indication that the non-
Hispanic Black community’s lower life expectancy rates seen
in the CDC dataset could be at least partly attributable to
insurance status, among other factors. When all members of
the study population had equal access to care (as evidenced
by health insurance coverage), the non-Hispanic Black
community’s life expectancy was more comparable to the
non-Hispanic White community (although a 0.4 year, sta-
tistically significant difference remained).
In terms of differences in life expectancy by sex, the

KPMAS data showed a gap in life expectancy between
males and females that is also reflected in the literature and
the CDC dataset.38 The results by sex indicated that
KPMAS male and female members had longer overall life
expectancies than the CDC national average. Although the
KPMAS dataset showed longer overall life expectancies by
sex, the gap between male and female KPMAS patients per-
sisted, with female members living an expected 3.6-5.1 years
longer than male members. The gap in the KPMAS dataset

Table 1. Kaiser Permanente Mid-Atlantic States membership demographic summary

2014 2015 2016 2017
Sex distribution

Male 47.5% 47.6% 47.4% 47.3%

Female 52.5% 52.4% 52.6% 52.7%

Race/ethnicity distribution

Asian and Pacific Islanders 9.9% 10.9% 11.7% 12.2%

Hispanic 9.8% 11.3% 11.8% 12.0%

Non-Hispanic Black 38.1% 36.3% 36.6% 36.9%

Non-Hispanic White 31.0% 28.9% 27.9% 27.2%

Other 2.2% 2.3% 2.4% 2.6%

Nonreporter 9.0% 10.2% 9.5% 9.2%

Insurance funding

Commercial 87.6% 84.2% 81.0% 79.0%

Medicaid 1.2% 5.5% 8.7% 10.7%

Medicare 11.2% 10.3% 10.3% 10.4%

Member retention

(Year-over-year) 72.8% 76.5% 77.4%
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was nearly identical to the 4.8- to 5.0-year gap recognized in
the CDC dataset. As with the above data, extended life
expectancy could be at least partly attributable to insurance
coverage status, among other factors.
The study outlined here has several strengths. First, Kaiser

Permanente has robust age, sex, and race/ethnicity data
available for members (Table 1). Recognizing that 9.0%-
10.2% of KPMAS members were missing race/ethnicity
data (designated as nonreporters), 3 analytic approaches
were used to examine the impact of this missing data (Sup-
plementary Material at www.thepermanentejournal.org/
files/2020/20.286supp.pdf). None of these approaches
resulted in meaningful differences, indicating that the results
shown here are fairly generalizable to the entire KPMAS
population. Second, KPMAS has a highly diverse racial/eth-
nic member population, enabling comparisons to the US
population (Table 1). Another strength of this study was the
integrity of the data used. While Anderson33 and many
other demographers have worked with high-level census or
survey data, we have employed the use of detailed medical
records informing our analysis.
The work presented here has some limitations. First, the

CDC dataset includes data from both insured and uninsured
populations; the KPMAS dataset only includes insured pop-
ulations, as all KPMAS members have Kaiser Permanente
insurance, be it private or government-backed lines of insur-
ance. Robust life expectancy datasets within an exclusively
insured population are not readily available, so this limitation
was used as an opportunity to scope research around the
potential impact of health insurance on life expectancy.
Additionally, as stated above, published literature indicates
that insurance is only one contributor to life expectancy—
many economic, lifestyle, and social factors also influence life
expectancy outcomes.22,39–43 Furthermore, many of these fac-
tors influence insurance status. Thus, members of KPMAS
examined in this study were likely to benefit from other
socioeconomic and lifestyle advantages that could improve
their life expectancy. A comparison of the KPMAS popula-
tion to the national population, examining education,
income, and other relevant factors is the focus of future stud-
ies. Second, sample sizes among some subpopulations were
extremely small in some older cohorts. In these cases, popu-
lation means were substituted. This methodology, along
with small sample sizes among members ages 95 and over,
resulted in estimates for longevity over the age of 95 with a
large variance. As these estimates were similar to national
averages, we anticipated minimal impact on the overall
results. Third, the analysis conducted here was limited to the
KPMAS geographic service area (Washington DC, North-
ern Virginia, and Maryland), which may have impacted
results, however state-specific CDC data was not readily
available.Ta
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This study did not include a correction based on geo-
graphic distribution of racial groups, socioeconomic status,
or other variables that may correlate with insurance status
and life expectancy. In principle, adjustments like inverse
probability weighting can correct for differences due to
socioeconomic risk factors between groups; however, these
models require that we have sufficient data over the entire
support space.44 Metropolitan areas such as the area covered
by KPMAS still experience segregation along racial and eth-
nic lines, meaning that important covariates are strongly cor-
related with our variable of interest.45 Given that our data
was already relatively sparse for certain groups and age
ranges, we felt that our data was insufficient to distinguish
between socioeconomic and racial factors. Reweighted com-
parisons with the CDC dataset would likely be even more
difficult due to sparse data within the KPMAS set, a lack of
correlative features in the CDC dataset, and inconsistent
definitions between the two datasets. While we suspect that
there are several differences between the underlying popula-
tions, including geographic, socioeconomic, and comorbid-
ity distributions, which could contribute to the higher life
expectancies enjoyed by KPMAS members, characterizing
the extent of these differences was beyond the scope of this
study. It would be very useful for future research to explore
opportunities to correct for such inconsistencies, either by
employing larger datasets with denser support over the
explanatory variables or by proposing new, innovative meth-
ods to correct for these discrepancies.
Lastly, it is apparent from this data that there are other

mechanisms at work beyond insurance status. The KPMAS
Hispanic and Asian and Pacific Islander communities had
very high life expectancies in comparison to the non-
Hispanic White and non-Hispanic Black communities.
This is consistent with national trends that have been noted
elsewhere, and it is a strong indication that this difference is
not solely attributable to differences in health care access and
insurance among members of these communities.46,47 One
variable of interest that we could not include was the country
of origin for individuals in these groups. Unfortunately, this
data was too sparse to characterize the extent of this differ-
ence from national trends. Further research will be required

to understand these differences in the KPMAS-insured
population.
Health systems can utilize life expectancy data to identify

disparities or gaps in life expectancy that could inform clini-
cal or community benefit activities. The CDC reports that
life expectancy declines nationwide over the years studied
can be attributed to a few key areas including: the opioid epi-
demic, suicide, and certain diseases (specifically liver dis-
ease).3,4,6 KPMAS is addressing these specific challenges,
within the insured population, through innovative clinical
programs. KPMAS has taken a patient-centered approach
to opioid prescribing and medication management that has
shown early promise in reducing high-dose, brand-name,
and combination opioid prescriptions.48 KPMAS has cre-
ated triage and referral pathways for members who present
with suicidal ideation (Nancy Weinfield, PhD, personal
communication December 16, 2019). Liver disease has been
a major focus for several years; KPMAS has a robust hepati-
tis C screening program, a hepatitis B program, and a hepa-
tocellular carcinoma surveillance program to support patients
in managing liver health.49–51

Health systems must also be aware of larger demographic
trends in life expectancy among member populations.
Although the differences in life expectancy between non-
Hispanic White and non-Hispanic Black populations are
significantly smaller than the CDC dataset, there is still
room for improvement in completely closing the gap.
Ensuring that racial/ethnic disparities are reduced remains a
focus of KPMAS preventive care and acute care programs.52

Similarly, the KPMAS dataset reflects the consistently
reported, worldwide finding that females have longer life
expectancies than males.12 Clinical efforts underway must
recognize this disparity, particularly as it informs specific dis-
ease processes.53,54

In an environment where more health systems and physi-
cian groups are moving toward population health manage-
ment, either in collaboration with self-funded employers,
private health insurers, or through accountable care organi-
zations, understanding population level trends will be critical
information for providing equitable and affordable care.55,56

This study of life expectancy in the KPMAS-insured

Table 3. Kaiser Permanente Mid-Atlantic States life expectancy by year and sex, with 95% confidence intervals

Year
MAPMG overall life
expectancy (lower

CI, upper CI)

CDC overall life
expectancy

MAPMG female life
expectancy (lower

CI, upper CI)

CDC female life
expectancy

MAPMG male life
expectancy (lower

CI, upper CI)

CDC male life
expectancy

2014 84.6 (84.3, 85.0) 78.9 86.3 (85.9, 86.9) 81.3 82.7 (82.2, 83.2) 76.5

2015 84.7 (84.3, 85.1) 78.7 86.9 (86.5, 87.5) 81.1 82.2 (81.7, 82.7) 76.3

2016 84.1 (83.7, 84.5) 78.7 86.6 (86.1, 87.2) 81.1 81.5 (81.0, 82.0) 76.2

2017 85.2 (84.9, 85.6) 78.6 87.2 (86.8, 87.8) 81.1 83.0 (82.5, 83.5) 76.1

CDC5 Centers for Disease Control and Prevention; CI5 confidence interval; MAPMG5 Mid-Atlantic Permanente Medical Group.
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population may aid other health care organizations and phy-
sician groups in understanding the role of insurance, and the
populations served, with the hopes of improving life expec-
tancy for all.

CONCLUSION
KPMAS-insured Hispanic, non-Hispanic Black, and

non-Hispanic White members had significantly higher life
expectancies than the comparison dataset in all years exam-
ined and reported. There was a gap in life expectancy
between males and females that was seen consistently within
the KPMAS and the CDC datasets. But the overall
KPMAS male and female patient life expectancy was
extended in comparison to data from the CDC. v
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