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Abstract

Social surveys prospectively linked with death records provide invaluable opportunities for the
study of the relationship between social and economic circumstances and mortality. Although
survey-linked mortality files play a prominent role in U.S. health disparities research, it is unclear
how well mortality estimates from these datasets align with one another and whether they are
comparable with U.S. vital statistics data. We conduct the first study that systematically compares
mortality estimates from several widely-used survey-linked mortality files and U.S. vital statistics
data. Our results show that mortality rates and life expectancies from the National Health
Interview Survey Linked Mortality Files, Health and Retirement Study, Americans’ Changing
Lives study, and U.S. vital statistics data are similar. Mortality rates are slightly lower and life
expectancies are slightly higher in these linked datasets relative to vital statistics data. Compared
with vital statistics and other survey-linked datasets, General Social Survey-National Death Index
life expectancy estimates are much lower at younger adult ages and much higher at older adult
ages. Cox proportional hazard models regressing all-cause mortality risk on age, gender, race,
educational attainment, and marital status conceal the issues with the General Social Survey-
National Death Index that are observed in our comparison of absolute measures of mortality risk.
We provide recommendations for researchers who use survey-linked mortality files.
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Introduction

Several nationally-representative surveys in the United States are linked to death records in
the National Death Index (NDI). Survey-linked mortality files (SLMFs) contain detailed,
often self-reported, information about survey respondents’ demographic attributes,
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socioeconomic status, health behaviors, and medical history collected several years, even
decades, prior to death or censoring (Muennig et al. 2011; Preston and Taubman 1994;
Rogers et al. 2000). These and other individual-level risk factors are measured less
comprehensively in other mortality data sources in the United States such as vital statistics
or medical claims data. Consequently, SLMFs play a prominent role in U.S. health
disparities research because they contain information about key individual-level mortality
risk factors that are not available elsewhere.

Population health researchers use SLMF data extensively to monitor adult mortality
disparities in the United States. However, basic information about the comparability of
SLMF mortality estimates in the United States is limited. A few methodological reports
compare mortality data from the National Health Interview Survey Linked Mortality Files
(NHIS-LMF; Ingram et al. 2008) and, more recently, the Health and Retirement Study
(HRS; Weir 2016) with U.S. vital statistics data. These studies generally show that mortality
estimates based on the NHIS-LMF and HRS are comparable to those based on vital statistics
data. Several additional studies that use SLMF data to address substantive research questions
largely corroborate these results (Brown et al. 2012; Hayward and Gorman 2004; Lariscy et
al. 2015; Warner and Hayward 2006). These studies include ancillary results comparing life
expectancies and/or age-specific mortality rates based on vital statistics data with those
based on NHIS-LMF (Brown et al. 2012; Hummer et al. 1999; Lariscy et al. 2015), HRS
(Brown et al. 2012), and National Longitudinal Survey of Older Men data (Black et al. 2017;
Hayward and Gorman 2004; Warner and Hayward 2006) and imply that mortality estimates
in these SLMFs and vital statistics are comparable.

Although the studies described above are informative, additional research is needed to obtain
a more holistic understanding of SLMF data comparability. No single study
comprehensively compares mortality estimates from several SLMFs with official mortality
estimates reported in U.S. vital statistics data. Prior research that systematically cross-
validates results from multivariate models across SLMFs is also sparse. As a result, it is
unclear how well SLMF-based mortality estimates align with one another and whether they
are comparable with U.S. vital statistics data. These issues warrant further examination
because SLMFs are the major data source used in research examining social and economic
determinants of U.S. adult mortality risk. Public health initiatives that aim to reduce adult
mortality disparities often draw upon research based on SLMF data, and policymakers need
accurate information to design efficacious policies.

How comparable are mortality estimates from leading survey-linked mortality files in the
United States? To answer this question, we compare mortality estimates from four major
survey-linked mortality files: the National Health Interview Survey Linked Mortality Files
(NHIS-LMF), Health and Retirement Study (HRS), Americans’ Changing Lives (ACL), and
General Social Survey National Death Index (GSS-NDI). We assess SLMF mortality
estimate comparability in two ways. First, we compare mortality rates and life expectancies
derived from several commonly-used nationally-representative surveys in the United States
that have prospective mortality follow-up with mortality estimates from vital statistics data.
Second, we compare results from multivariate hazard models that regress all-cause mortality
risk on key sociodemographic characteristics across SLMFs to determine whether the
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various methods used to establish vital status across data sources influence the comparability
of their estimates of mortality disparities. The first approach focuses on differences in
absolute mortality risk, and the second approach focuses on differences in relative mortality
risk. Finally, we outline general recommendations for future research with survey-linked
mortality files based on our findings. Our results will help improve understanding of the
overall quality of adult mortality research in the United States.

Background

Survey-Linked Mortality Files

Mortality estimates may vary between survey-linked mortality files for several reasons.’
Differences in the performance of the NDI record linkage algorithm is one potential source
of variability between surveys. The algorithm probabilistically links decedent survey records
and NDI death records using personally identifiable information (PII) recorded in both data
sources. The identifiers used in the record linkage process include Social Security Number
(SSN), first name, middle initial, last name, father’s surname, birth date, sex, race, state of
birth, state of residence, and marital status (National Center for Health Statistics [NCHS]
2018). Both data sources must contain accurate PII to match respondents who died during
the follow-up period to their death records. The algorithm can still perform as intended when
only a subset of these identifiers are present and accurate, and more unique identifiers (e.g.,
SSN) are given more weight in the matching process than others (e.g., marital status).
However, matching errors can occur when Pl in either data source is missing and/or
inaccurate (Curb et al. 1985; Harron et al. 2015; Lariscy 2011, 2017; Rogers et al. 1997).
False negatives occur when the NDI matching algorithm fails to match survey records and
death records among deceased respondents causing them to appear “statistically immortal”
(Pablos-Méndez 1994:1237). False positives occur when the NDI matching algorithm
incorrectly identifies respondents who survive the follow-up period as deceased when a
surviving respondent and decedent have similar PIl. These technical problems have
substantive implications because matching errors can distort results. Mortality risk will be
overestimated when false positives are abundant and underestimated when false negatives
are abundant.

Matching error is a potential source of systematic bias because it results from variations in
the propensity to report key identifiers between subpopulation groups, data collection
periods, and/or surveys. For instance, prior research with the NHIS-LMF has shown that
racial/ethnic subgroup differences in record linkage can affect estimates of mortality
disparities since members of some groups are more likely to be linked to the death
certificates than members of other groups (Black et al. 2017; Lariscy 2011, 2017; Palloni
and Arias 2004; Rogers et al. 1997). Matching errors can also arise when survey respondents
either refuse or are not asked to provide certain identifiers. Assuming it is recorded and
reported accurately, SSN is the most important identifier in the matching process because,

1w focus on potential sources of systematic bias. Sampling error will cause mortality estimates to vary between SLMFs when survey
samples are different (Crimmins et al. 2004). However, sampling error should have modest effects on mortality estimate comparability
because it is randomly distributed in surveys that contain large probability samples which are designed to be nationally-representative
of the non-institutionalized U.S. adult population. The survey samples contained in most SLMFs, including the ones analyzed herein,
meet these criteria.
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unlike other linkage items such as name or date of birth, it uniquely identifies individuals.
The matching algorithm is much more likely to link survey records and death records
correctly when both files contain accurate SSNs. However, respondents increasingly refuse
to report SSNs to interviewers, and some surveys with NDI linkages, such as the GSS, have
not always collected SSNs (Kim et al. 2015; NCHS Office of Analysis and Epidemiology
2009). Consequently, linkage errors may have increased over time in some SLMFs because
respondents are reluctant to provide SSN due to identity theft concerns (Dahlhamer and Cox
2007). For instance, among male NHIS respondents, SSN was missing for only 17% in 1986
but 72% of respondents by 2004 (NCHS Office of Analysis and Epidemiology 2009).

The extent to which a survey relies on vital status ascertained via the matching algorithm
may also influence SLMF comparability. Surveys linked to the NDI use different strategies
to prospectively ascertain respondents’ vital status. Some surveys rely exclusively on passive
follow-up (i.e., linking records based on PII) while others incorporate active follow-up (i.e.,
re-contacting surviving respondents or collecting decedent information from knowledgeable
proxies). SLMFs that contain cross-sectional survey data are most susceptible to problems
associated with passive follow-up because respondents are not re-interviewed. SLMFs that
contain longitudinal survey data have an inherent advantage over those that contain cross-
sectional survey data because they can incorporate active and passive follow-up techniques.
Consequently, SLMFs with longitudinal survey data may have lower false positive/negative
error rates than ones with cross-sectional survey data because interviewers have repeated
opportunities to collect and/or update missing or inaccurate personal identifiers. Having an
opportunity to re-interview respondents may have particularly important implications for
obtaining sensitive identifiers, such as SSNs, which respondents are often reluctant to
provide.

Some SLMFs may be more susceptible to the issues discussed above than others due to
variations in P1I reporting between surveys. A comparative analysis is especially important
for the GSS-NDI. The GSS-NDI has only been publicly available since 2011, but it has
quickly become a popular resource for establishing social disparities in U.S. adult mortality
risk. The GSS is a veritable goldmine for population health researchers because it contains
variables not available in any other dataset. The GSS-NDI has been used in studies linking
social characteristics such as exposure to individual- and institutional-level discrimination,
sexual minority status, happiness, political ideology, emotion suppression, observed skin
tone, and other statuses, attitudes, and behaviors with adult mortality risk (Chapman et al.
2013; Lawrence et al. 2015; Lee et al. 2015; Morey et al. 2018; Muennig et al. 2013; Pabayo
et al. 2015; Stewart et al. 2018). Researchers could not have established these associations
with any other nationally-representative datasets.

Problems in the GSS-NDI may arise if the NDI matching algorithm performs sub-optimally.
Recall that the NDI record linkage algorithm is probabilistic, and PII must be recorded
accurately in both data sources to match decedent survey records with NDI death records.
Although the algorithm uses several personal identifiers in the matching process, record
linkage success rates are much higher when both data sources contain SSNs because, when
accurate, SSNs uniquely identify an individual respondent. However, GSS respondents were
not asked to provide SSNs prior to the 1993 survey.
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The central role that SSN plays in the matching process is evident when one considers the
classification scheme NCHS uses to gauge match quality. NDI record linkage uses a five-
class system to describe match quality, where classes 1 and 2 are considered the most
reliably-matched decedents whereas the match quality for decedents placed into classes 3
and 4 is less certain (NCHS 2018). Class 5 matches are assumed to have survived the follow-
up period. Muennig et al. (2011:3) state that “for the GSS-linked records there were no class
1 matches and a limited number of class 2 matches due to the lack of Social Security
information.” In contrast to the small proportion of GSS-NDI decedents in classes 1 and 2,
among NHIS-LMF respondents who are identified as having died during follow-up, 61% of
matches are in class 1 and 15% are in class 2 (Lariscy 2011). The absence of GSS-NDI
deaths from classes 1 and 2 signals lower quality in mortality ascertainment relative to other
survey-linked mortality files. This could have major consequences for GSS-NDI mortality
data quality because it implies that matching error rates are high.

Comparability of Survey-Linked Mortality Files and Vital Statistics Data

Mortality data in vital statistics may differ from survey-linked data since they include the
entire U.S. population whereas most survey samples only include non-institutionalized
respondents. Mortality rates are higher among institutionalized populations, particularly
nursing home residents, than non-institutionalized populations. Thus, SLMFs should
produce lower mortality rates and higher life expectancies when compared with vital
statistics data. Discrepancies between SLMF and vital statistics mortality estimates should
also increase with age as people increasingly enter nursing homes and other institutional
settings that are excluded from most household-based survey sampling frames.

Although mortality rates based on vital statistics data provide a more complete
representation of mortality patterns within the population than SLMF mortality rates because
they include institutionalized and non-institutionalized persons, they may also have errors
that undermine their precision. The most well-known problem is numerator-denominator
bias, which arises because vital statistics mortality rates combine data from two sources:
death certificate data (numerator) and mid-year population estimates provided by the U.S.
Census Bureau (denominator). Content or coverage errors in either data source can bias the
resulting mortality rates. Other studies have identified issues in vital statistics data that could
bias mortality rates among racial/ethnic minority populations, such as age misreporting,
misclassification of race/ethnicity on death certificates, and census undercounts (Arias et al.
2010; Hogan et al. 2013; Preston et al. 1996). These attributes presumably are recorded
more accurately in SLMFs than vital statistics because survey respondents typically self-
report this information.

The Current Study

This study addresses the following unresolved question: How comparable are mortality
estimates from leading survey-linked mortality files in the United States? To answer this
question, we compare mortality estimates from four major survey-linked mortality files in
the United States. The analyses have two key components. The first component focuses on
differences in absolute mortality risk between SLMFs and U.S. vital statistics data. The
second component focuses on differences in relative mortality risk between SLMFs. We
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explain each component in greater detail below. We expect to document four key patterns
related to survey-linked mortality file comparability. First, we anticipate that most SLMF
mortality estimates will correspond closely with ones based on vital statistics data. However,
mortality rates should be lower and life expectancies should be higher in SLMFs relative to
those based on vital statistics data because the survey samples exclude institutionalized
respondents at baseline while vital statistics data include the entire population. Second, we
expect that differences between SLMF and vital statistics mortality rates and life
expectancies will increase with age. This pattern is evident in prior research and presumably
exists because most institutionalized adults in the United States, especially at older ages, are
nursing home residents, a group with higher mortality risk than the overall population.
Third, we expect results between SLMFs to vary more in analyses of absolute mortality risk
(mortality rates and life expectancies) than in analyses of relative mortality risk (multivariate
Cox models). The control variables in the multivariate models should constrain variability
between SLMFs because these variables are correlated both with mortality risk and the
propensity to report personal identifiers used in the record linkage process. Finally, we
anticipate that the GSS-NDI will diverge the most from vital statistics data because it
contains fewer high-quality NDI matches than the other SLMFs.

We compare mortality estimates from the following survey-linked mortality files: National
Health Interview Survey Linked Mortality Files (NHIS-LMF), Health and Retirement Study
(HRS), Americans’ Changing Lives (ACL), and General Social Survey National Death
Index (GSS-NDI). Although other surveys also contain prospective mortality follow-up, we
limit our analyses to these datasets for several reasons. First, these SLMFs are used
extensively in U.S. population health research. Second, they all contain nationally-
representative data, surveys with high response rates, several decades of mortality follow-up,
and many decedents. Third, multivariate results can be easily compared between these
surveys because key sociodemographic and socioeconomic variables are measured similarly
between surveys. Each dataset is described below (also see Table 1).

The NHIS is a nationally-representative cross-sectional survey of the non-institutionalized
U.S. adult population ages 18+. NCHS conducts the survey annually. The public-use version
of the NHIS-LMF prospectively links the 1986-2009 NHIS to the NDI through 2011
(NCHS 2013). The 1986-2011 NHIS-LMF contains survey records for 1,605,246
respondents deemed eligible for NDI follow-up (V= 265,751 decedents). Respondents with
missing values on race (n = 7,686, 0.5%), marital status (V= 7,016, 0.4%), or educational
attainment (A= 21,057, 1.3%) are listwise deleted. We also exclude respondents younger
than age 25 (V= 205,573) at baseline or whose ages are top-coded (V= 12,914) to increase
comparability among datasets. Our NHIS-LMF analytic sample contains 1,112,685
individual respondents and 250,230 decedents. We downloaded public-use NHIS-LMF data
from the National Health Interview Series on the Integrated Public Use Microdata Series
(IPUMS) Health Surveys website at the University of Minnesota (Blewett et al. 2018).
Additional information about the NHIS-LMF is available elsewhere (NCHS 2013).
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The HRS is a nationally-representative longitudinal survey of U.S. adults ages 51+ and their
spouses regardless of age-eligibility. HRS respondents were first interviewed in 1992 and
follow-up interviews have generally occurred bi-annually through the present. The HRS
sample transitioned to a steady-state design in 1998. The redesigned HRS includes
respondents from the Assets and Health Dynamics of the Oldest Old study (AHEAD) and
incorporates refresher cohorts. AHEAD respondents were ages 70+ in 1993 when they were
first interviewed (Soldo et al. 1997). Refresher cohorts are added every six years to replenish
the sample and ensure the survey remains representative of the 51+ population (Sonnega et
al. 2014). The HRS contains approximately 15,000-20,000 respondents in any given
interview wave and over 12,000 deaths as of 2011. Respondents with missing values on race
(N=178, 0.2%), age (V= 1, 0%), marital status (V= 17, 0.05%), or educational attainment
(N=121, 0.4%) are listwise deleted.

Our analyses are based on a harmonized version of the 1992-2014 HRS created by the
RAND Corporation (RAND HRS, Version P; Bugliari et al. 2016). The public-use HRS
contains all-cause mortality data. The HRS Tracker file records respondent vital status
across interview waves. Mortality is also ascertained in the HRS via the NDI (HRS: 1992—
2011, NDI: 1992-2011). To increase comparability with the other datasets, our HRS
analyses only include NDI deaths. Ancillary analyses (available from first author) show that
death counts based on the Tracker file and the NDI are very similar. This is encouraging
because it implies that the NDI matching algorithm performs well in the HRS. Additional
information about the HRS (Sonnega et al. 2014) and HRS RAND File (Bugliari et al. 2016)
is available elsewhere.

The ACL is a nationally-representative survey of U.S. adults ages 25+ (see House 2014 for
details). Respondents were first interviewed in 1986 (V= 3,617) and follow-up interviews
were conducted in 1989 (V= 2,867), 1994 (N = 2,562), 2001/2 (V= 1,787), and 2011 (N =
1,427). The sample is a closed cohort, and all respondents have complete information on all
covariates included in the models. Our analyses are based on the restricted-use ACL which
contains links to NDI death records through 2011 (A= 1,832 deaths). The analyses also
exclude three respondents in the 1986 ACL who were under age 25 at interview. A public-
use version of the ACL that does not include respondents’ vital status is available from the
Inter-University Consortium for Political and Social Research at the University of Michigan.

The GSS is a nationally representative cross-sectional survey of the non-institutionalized
U.S. adult population ages 18+ conducted by the National Opinion Research Center
(NORC) at the University of Chicago. The 1972-1993 GSS was conducted annually (except
1979 and 1981) and it has been conducted biannually since 1994. The GSS-NDI links the
1978-2010 GSS (N = 44,174) with NDI death records in 1979-2014 (N = 12,558) (Muennig
et al. 2016). To increase comparability with the other SLMFs, the analyses are restricted to
the 1986-2010 GSS with NDI follow-up through 2011 (35,371 respondents and 7,056
decedents). We also exclude members of the 1987 black oversample (A= 316, 0.7%) and
listwise delete observations missing age (V= 50, 0.1%), educational attainment (/= 89,
0.2%), or current marital status (V= 8, 0.02%). We also restrict the GSS-NDI analyses to
respondents ages 25-88 at interview to increase comparability with the other surveys. Our
final individual-level GSS-NDI sample (GSS: 1986-2010, NDI: 1986-2011) contains
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31,480 respondents and 6,560 decedents. GSS-NDI data are available publicly from NORC
(2016). Additional information about the GSS-NDI is available elsewhere (Muennig et al.
2011, 2016).

We compare mortality rates and life expectancies from the NHIS-LMF, HRS, ACL, and
GSS-NDI with U.S. vital statistics data for women, men, and both genders combined. We
downloaded period life tables constructed using U.S. vital statistics data from the Human
Mortality Database (HMD 2018). Mortality rates and life expectancies based on vital
statistics data are averaged over the 1986-2011 period to approximately match the follow-up
years most SLMFs in our analyses covered. Predicted mortality rates estimated from each
respective SLMF represent the average age-specific mortality rate over the follow-up period.
Thus, the SLMF life expectancies are averages because we construct life tables from
predicted mortality rates that incorporate multiple follow-up years.

All-cause mortality risk (0 = alive, 1 = dead) is the dependent variable in all SLMF analyses.
Vital status of survey respondents at the end of the follow-up period is determined through
probabilistic linkage with the NDI. Exposure to the risk of death is measured in calendar
years. Survivors receive a partial year of exposure the first year they are interviewed
(calculated based on interview month/quarter) and one year of exposure thereafter until the
end of the follow-up period. Decedents receive a partial year of exposure the first year they
are interviewed (calculated based on interview month/quarter), a full year of exposure each
year they survive, and a partial year of exposure the year they die (calculated based on
month/quarter of death).

Age and exposure have slightly different specifications in the models used to construct life
tables. In these analyses, we reformat each SLMF into a person-year file containing time-
varying measures of age, mortality status, and exposure. Each row in the person-year file
represents one calendar year of exposure and the number of rows each respondent
contributed equals the total number of years (partial or complete) survived. Exact age on
January 1%t in each year is calculated based on self-reported birth dates? (month and year)
and interview dates (month and year for the GSS, HRS, and ACL and quarter and year for
the NHIS-LMF) and calculated using interview quarter and year. We use this information to
calculate age x on January 1%t in year £, where age x ranges from exact age x — 0.05to exact
age x + 0.49. Other studies take a similar approach (Brown et al. 2012). In the models used
to create life tables for each SLMF, this approach predicts mortality rates that closely
approximate traditional occurrence-exposure rates (i.e., life table /7,). Results are similar in
ancillary analyses (not shown) with more precise age and exposure specifications.

Covariates in the Cox proportional hazard models include self-reported age (in years),
gender (male and female), race (white, black, and other race), legal marital status (currently
married, previously married, and never married), and educational attainment (less than high

2Respondents’ birth month is not available publicly in the 2000-2010 GSS, but the survey contains respondents’ zodiac sign. This
information is used to randomly impute missing birth months in the 2000-2010 GSS. Zodiac sign is missing when birth month is
missing in the 1986-1998 GSS. Births are assumed to occur mid-year when both birth month and zodiac sign are missing.
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school, high school graduate, some college, and bachelor’s degree or more). Covariates are
all measured at baseline and coded uniformly across datasets to increase comparability.
Race, for example, is measured in three categories because this is how it is measured in the
1986-2010 public-use GSS, and Hispanic ethnicity was not assessed in the GSS until 2000.
Educational attainment is categorized as follows from variables that measure completed
years of schooling: less than high school (0-11 years), high school diploma (12 years), some
college (13-15 years), and college degree or more (16+ years). Marital status is recoded
from questions asking respondents to report their current legal marital status. Marital status
and educational attainment are measured at baseline even though these attributes may vary
over time to facilitate comparisons between SLMFs that contain longitudinal (ACL and
HRS) and cross-sectional (NHIS-LMF and GSS-NDI) survey data.

Our analyses proceed in two stages. The first stage focuses on differences in absolute
mortality risk between SLMFs and U.S. vital statistics data. Specifically, we compare age-
specific mortality rates and life expectancies from the NHIS-LMF, HRS, ACL, GSS-NDI,
and U.S. vital statistics data. We estimate parametric hazard models to predict age-specific
mortality rates and construct life tables with the SLMF data. Exploratory analyses (available
by request) were performed to determine the optimal specification of the baseline hazard and
showed that exponential models generally fit best. Structural constraints on the relationships
examined are minimized by predicting adult mortality risk as a function of age in years (i.e.,
the models only control for a linear age term that varies over time).

We use coefficients from these models to obtain age-specific mortality rates (/77,) and
construct life tables using a multivariate life table approach (Teachman and Hayward 1993).
This approach allows us to estimate age-specific mortality rates in each SLMF which we
then use to construct life tables and ultimately calculate life expectancy. We estimate
confidence intervals for mortality rates and life expectancy based on 1,000 Monte Carlo
simulations (Andreev and Shkolnikov 2010). We perform analyses on person-year files and
estimate separate models for women, men, and both genders combined. Mortality rates and
life expectancies based on SLMF data and vital statistics data are compared using graphs,
tables, and rate ratios. Mortality rates and life expectancies based on vital statistics data
should be thought of as the benchmark or reference data that we use to compare and contrast
results between data sources. We do not imply that vital statistics data represent a gold
standard.

The second stage of the analysis focuses on refative mortality risk between the NHISLMF,
ACL, HRS, and GSS-NDI. We estimate two nested semi-parametric hazard models (i.e.,
Cox proportional hazard models) for each SLMF. Model 1 regresses all-cause mortality risk
on age in years, gender (reference group [ref.] = men), and race (ref. = whites). Model 2
regresses all-cause mortality risk on age in years, gender (ref. = men), race (ref. = whites),
marital status (ref. = currently married), and educational attainment (ref. = college
education). The analyses are performed on individual-level files and all covariates are
measured at baseline. The models are parsimonious to increase comparability between our
analyses and other studies that use SLMF data. Sample weights are applied and complex
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variances are computed in all SLMF analyses (StataCorp 2013). Online supplements include
complete life tables for each SLMF, ancillary results, and the Stata code necessary to
replicate our results.

Results

Mortality Rates and Life Expectancies

Figures 1 (women) and 2 (men) display mortality rate ratios at ages 25, 55, and 85 for each
SLMEF relative to vital statistics.3 These three ages were chosen to depict mortality
disparities in early adulthood (age 25), middle adulthood (age 55), and older adulthood (age
85). Rate ratios in the HRS are not calculated in early adulthood because the survey is
designed to represent persons ages 51+. The figures display rate ratios for age- and gender-
specific survey-based mortality rates relative to vital statistics-based mortality rates. For
example, the rate ratio for HRS men at age 55 is calculated by dividing the predicted
mortality rate for men at age 55 in the HRS by the average mortality rate for men at age 55
in vital statistics between 1992 and 2011. Rate ratios below 1.0 indicate that SLMF rates are
lower than vital statistics rates, and rate ratios above 1.0 indicate that SLMF rates are higher
than vital statistics rates. SMLF and vital statistic mortality rates are identical when rate
ratios equal 1.0.

Figures 1 and 2 show that mortality rates in the NHIS-LMF, ACL, and HRS are lower than
or equivalent to mortality rates in vital statistics. Mortality rates in the NHIS-LMF and ACL
are much lower in comparison to vital statistics in early adulthood, but the discrepancy with
vital statistics narrows in middle and older adulthood. At ages 55 and 85, HRS mortality
rates are somewhat lower than vital statistics rates, mirroring the pattern observed for the
NHIS-LMF and ACL. Unlike the other SLMFs, GSS-NDI rate ratios exceed 1.0 at ages 25
and 55 years. That is, the GSS-NDI has higher mortality rates in early and middle adulthood
relative to the vital statistics rates. For instance, among women, GSS-NDI rates are more
than three times as high as vital statistics rates at age 25 (risk ratio [RR] = 3.18) and more
than twice as high at age 55 (RR = 2.03). Among men, GSS-NDI rates exceed vital statistics
rates by 101% ([2.01 — 1.0] x 100) at age 25 and by 67% at age 55. Like the other SLMFs,
mortality rates in the GSS-NDI are lower at age 85 than vital statistics rates, but they diverge
more sharply from vital statistics when compared to the other SLMFs. Differences between
mortality rates based on SLMFs and vital statistics data are thought to exist primarily
because the survey samples in the SLMFs exclude institutionalized persons—most notably,
nursing home residents—who, on average, have a higher risk of death than their non-
institutionalized counterparts, whereas vital statistics data include mortality information for
the entire population.

Figure 3 displays the difference in life expectancies (in single years of age) between each
SLMF and vital statistics (i.e., SLMF e, — vital statistics ¢,) for the total population. We
show results for women and men combined because the overall and gender-specific patterns
are similar. Each line in the graph represents the difference between SLMF life expectancies

3Appendix Table A lists the mortality rates (per 100,000) at additional ages from U.S. vital statistics, NHIS-LMF, ACL, HRS, and
GSS-NDI data for the women, men, and both genders combined.
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and vital statistics life expectancies at the same age. Appendix Table B displays the life
expectancies from U.S. vital statistics, NHIS-LMF, ACL, HRS, and GSS-NDI data for both
genders combined (top panel), women (middle panel), and men (bottom panel).

Similar to our findings regarding mortality rate ratios, life expectancy estimates in the
NHIS-LMF, HRS, and ACL reflect more favorable mortality risk when compared with life
expectancy in U.S. vital statistics (Figure 3). Life expectancies calculated from NHIS-LMF
and ACL data are consistently about one year higher than those from U.S. vital statistics.
Life expectancy in the HRS is also generally comparable to vital statistics data, but
differences between the HRS and vital statistics are larger before age 65 and smaller at the
oldest ages when compared with the other surveys. These comparative results resemble
those from previous studies; life expectancies based on SLMF data tend to be slightly higher
than those based on vital statistics data (Hummer et al. 1999; Lariscy et al. 2015). Previous
studies have shown similar patterns in the NHIS-LMF and HRS (Brown et al. 2012), but no
published studies document this general pattern in the ACL.

Figure 3 further shows that the age patterns of GSS-NDI life expectancy are very different
from the other SLMFs and vital statistics. When compared with life expectancies based on
U.S. vital statistics data, GSS-NDI life expectancy estimates are much lower at younger
adult ages, similar in midlife where a crossover occurs, and much higher at older adult ages.
For example, life expectancy in the GSS-NDI is approximately three years lower at the
youngest ages and four years higher at the oldest ages. The gender-specific results shown in
the middle and bottom panels of Appendix Table B are very similar to those shown for both
genders combined (top panel). These patterns have not been documented previously in the
GSS-NDI.

In sum, comparisons of absolute mortality risk reveal two key patterns. Mortality rates and
life expectancies based on the NHIS-LMF, HRS, and ACL closely correspond with vital
statistics data, but reflect somewhat more favorable survival than vital statistics data. On the
other hand, mortality rates and life expectancies based on the GSS-NDI do not correspond
with those based on other SLMFs or U.S. vital statistics data, and these discrepancies are
most evident among younger and older adults.

Cox Proportional Hazard Models

Tables 2 (ages 25+, excludes HRS) and 3 (NHIS-LMF, ACL, and GSS-NDI: ages 50+, HRS:
ages 51+) show descriptive statistics for all variables included in the Cox proportional
hazard models. Covariates are distributed similarly across each dataset, with only a few
differences that are statistically significant yet small. This finding is important because it
implies that the problems in the GSS-NDI uncovered in Figures 1-3 (and Appendix Tables
A and B) likely arise from the NDI linkage process rather than from the sampling and
collection of the GSS itself. Another exception to the similarity across datasets is the higher
proportion of deaths during the follow-up period in the ACL. As Tables 2 and 3 show, a
higher proportion of ACL respondents died during follow-up (35.0% at ages 25+ and 71.8%
at ages 50+) than in the other SLMF datasets. In contrast, only 16.2% of respondents ages
25+ and 32.3% of respondents ages 50+ died over the same period (1986-2011) in the
NHIS-LMF. At first glance, the ACL seems to have an excess of deaths, but differences
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between the ACL sample design and the other surveys are the most likely reason for these
differences in proportion of deaths. The ACL has a closed cohort design while the surveys in
the other SLMFs are either pooled cross sections (NHIS-LMF and GSS-NDI) or
longitudinal surveys that include refresher cohorts (HRS). Consequently, the proportion of
deaths rises sharply over time as the ACL cohort ages. The ACL also oversamples two
groups that experience a higher risk of death than the general population: blacks and persons
ages 60+. Thus, differences in death distributions between the ACL and the other SLMFs are
reasonable and expected.

Tables 4 (ages 25+) and 5 (ages 50+, HRS: ages 51+) show results from two nested Cox
proportional hazard models regressing all-cause mortality risk on several sociodemographic
factors. Overall, results from each dataset are similar and all associations are in the expected
directions based on previous research. For example, mortality risk is higher among men than
women, black adults than white adults, the previously and never married than the currently
married, and those with lower educational attainment than those with higher education. Cox
proportional hazard models conceal the problems with the GSS-NDI that are observed in our
comparison of age-specific absolute measures of mortality risk. That is, mortality rates and
life expectancies drawn from our GSS-NDI life table differ substantially from the vital
statistics data and the other SLMFs, yet the GSS-NDI hazard ratios are similar to the other
SLMFs. We observe differences in hazard ratios for some variables across the SLMFs, but
no SLMF consistently performs differently than the others, as was the case with the GSS-
NDI in our mortality rate and life expectancy analyses. Interestingly, despite having
relatively few decedents, the ACL performs very well when compared with the other
datasets. As Tables 4 and 5 show, hazard ratios in the ACL are generally between those
found in the GSS-NDI and the NHIS-LMF.

Sensitivity Analyses

We performed sensitivity tests to examine several alternative analytic approaches. First, we
conducted extensive tests within each SLMF to determine the optimal specification of the
baseline hazard for the mortality rates used in the life tables (results available by request).
We compared observed (unsmoothed) age-specific mortality with estimated (smoothed) age-
specific mortality rates. The analyses were conducted for the overall samples and did not
incorporate sample weights. Overall, these analyses showed that an exponential model
adheres most closely to the observed age-specific mortality rates within each dataset.

Second, we considered whether our results change if data are limited to years 1993 forward.
Recall that the GSS did not request SSN (i.e., the most important PII for NDI linkage) from
respondents before 1993. At the same time, SSN provision declined in the 1990s across all
SLMPFs due to growing concerns of identity theft. To test the robustness of our results, we
examine life expectancy differences between the GSS-NDI and vital statistics and compare
with the difference between NHIS-LMF and vital statistics. For this sensitivity test, we find
similar patterns before 1993 versus 1993 forward. That is, GSS-NDI life expectancy
estimates remain too low (by as much as three years) in early adulthood and too high (by as
much as four years) in later adulthood, relative to vital statistics and other SLMFs when data
are limited to years 1993 forward.
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Third, we compared weighted and unweighted results to gauge the sensitivity of our results
to the way in which sample weights are calculated within each SLMF. We applied sample
weights in the life table and multivariate analyses so that our results from the SLMFs are
generalizable to the U.S. non-institutionalized adult population. Some SLMFs, such as the
NHISLMF, reweight the sample after excluding respondents without sufficient Pl to
undergo the NDI linkage process. In the NHIS-LMF, these respondents are deemed
“ineligible” for NDI mortality follow-up and they are assigned a sample weight of zero. We
examined life expectancy differences between GSS-NDI and vital statistics and compared
with the difference between NHIS-LMF and vital statistics with and without weights.
Substantive results from weighted and unweighted models are the same, which suggests that
differences in sample weight calculations do not explain discrepancies between mortality
estimates based on vital statistics data and SLMF data.

Discussion

Survey-linked mortality files increasingly are an essential source of information on the
influence of various social and economic factors on adult mortality risk. This is the first
study to systematically assess whether mortality estimates based on these data sources are
comparable across surveys and with national mortality estimates in vital statistics data. Our
study has four key findings. First, mortality rates and life expectancy estimates are similar in
the NHIS-LMF, ACL, and HRS. These similarities are even more remarkable when one
considers that these surveys have different sample designs (e.g., NHIS is cross-sectional,
HRS is longitudinal with refreshed panels, and ACL is longitudinal with a fixed panel).
Compared with the other survey-linked datasets, GSS-NDI mortality rates are much higher
at younger adult ages and much lower at older adult ages. This finding is surprising because
the GSS data are high-quality, nationally-representative survey data with a large sample.
Since the underlying survey data are high quality, we suspect that differences in NDI match
quality between the GSS-NDI and the other SLMFs examined are responsible for these
discrepancies. Second, life expectancy estimates in survey-linked data are somewhat higher
than in vital statistics data by about one year, likely due in part to the survey-linked datasets
excluding the institutionalized population (Hummer et al. 1999). GSS-NDI is again an
exception; life expectancy in the GSS-NDI is approximately three years lower at the
youngest ages and four years higher at the oldest ages. Third, despite the issues with the
GSS-NDI observed in our age-specific absolute mortality estimates, multivariate analyses
reveal that relative estimates of mortality risk (hazard ratios) are similar across SLMFs.
These results indicate that researchers should exercise caution when using the GSS-NDI and
underscore the need for researchers to benchmark results from the GSS-NDI with those from
other SLMFs whenever possible. Finally, our approach illustrates the importance of
examining differences in absolute mortality risk (i.e., mortality rates and life expectancy) in
addition to differences in relative mortality risk (e.g., hazard ratios from multivariate
models) in adult mortality risk. The life tables provide critically important information about
the comparability of mortality estimates across datasets that is not readily apparent in
multivariate analyses.

Our findings are notable because they strongly imply that the NDI record linkage algorithm
performs sub-optimally in the General Social Survey. Probabilistic record linkage depends
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on PII reported in both data sources, especially SSN, to correctly match respondents who
died during the follow-up period to their death records (Harron et al. 2015; Rogers et al.
1997). In contrast to the ACL, NHIS, and HRS, relatively few GSS-NDI decedents have
valid SSNs because the GSS did not collect SSNs before 1993 (Muennig et al. 2011). We
expected to find consistently lower estimated mortality rates in the GSS-NDI than in the
other datasets at all ages since few GSS-NDI respondents are matched on SSN, which would
lead to many decedents not being identified (i.e., false negatives). However, we find that
GSS-NDI mortality rates tend to be higher than the other data sources at younger ages and
lower at older ages. We speculate that this finding is a result of relaxed matching criteria for
linkage in the GSS-NDI. That is, the matching criteria are made more lenient for the GSS-
NDI linkage process in order to allow more matches to be made with less PIlI matching
between sources (Muennig et al. 2011).4 In the GSS-NDI, relaxing linkage criteria for all
ages may have shifted the vital status of too many cases from survivors to deaths at younger
ages but not enough cases to deaths at older ages. Future research with the restricted-use
GSS-NDI should explore this possibility and, if warranted, take corrective action.

Our analyses have several limitations. First, we cannot be entirely certain that poorer linkage
quality in the GSS-NDI than in the other survey-linked datasets is the source of the
unanticipated GSS-NDI mortality estimates since indicators of linkage quality (e.g., NDI
match class and NDI match score) are not available in the public-use GSS-NDI. Second, we
limit our analyses to variables available for all years in each of the four social surveys we
compared. Thus, we are unable to statistically adjust for Hispanic ethnicity or nativity status.
Additionally, educational attainment is measured in years rather than degrees, which may
miscode some respondents who took more or less time to complete degrees (Rogers et al.
2010). Period differences may also exist. This is true especially in the GSS-NDI, which
contains mortality records that span more than three decades (1979-2014). Future studies
should examine these issues more closely. Third, we limit our analysis to four of the most
commonly-used and publicly-available SLMFs. However, our analysis could be extended to
include other established SLMFs, including the National Health and Nutrition Examination
Survey, the National Longitudinal Mortality Study, and Panel Study of Income Dynamics, or
other datasets that have recently been or will be linked to NDI, such as the National
Longitudinal Study of Adolescent to Adult Health and the High School and Beyond study.
Finally, we only examine all-cause mortality risk and do not conduct detailed analyses for
key subpopulation groups. Results for cause-specific mortality risk or certain population
subgroups may diverge more across datasets. These analyses will have less statistical power
than those presented herein because they contain fewer decedents for some causes of death
and/or subpopulation groups, but future research should explore these possibilities.

Recommendations

Based on our findings, we offer several recommendations for researchers using survey-
linked mortality files. First, new SLMFs should be compared with existing mortality datasets
before proceeding to complex statistical models. Researchers should attempt to benchmark

4Strategies that analysts can use to alter linkage criteria are described elsewhere (NCHS 2018:18).
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results against multiple data sources because no single dataset is a true “gold-standard” for
comparison purposes. Researchers using newly created, or even recently updated, SLMFs
should compare mortality estimates from these datasets with those from other SLMFs that
are more established. Ideally, researchers should also compare their results with vital
statistics data, which offer several advantages over sample-based mortality data. Second,
public-use survey-linked mortality files should include variables that allow researchers to
assess the quality of the linkage between surveys and NDI records (e.g., match class and
match score). Although the PII used to link surveys to death records contains sensitive
information (SSN, names, exact birthdates, geographic identifiers, etc.), providing additional
information about NDI match quality would not raise confidentiality concerns. Currently,
HRS is the only widely-used SLMF that publically releases information about NDI linkage
quality. Third, GSS modules, which allow researchers to append supplementary items to the
core survey, could be used to explore ways to improve record linkage within the GSS and
potentially inform similar efforts within other surveys. Experimental modules, for example,
could be used to explore strategies to reduce item non-response on key identifiers
conventionally used in the record linkage process. Adding supplementary questions to the
GSS would not have immediate consequences for GSS-NDI data quality, but GSS modules
could improve NDI record linkage in the future. Fourth, SLMFs linked to the NDI should
include recalibrated sample weights that adjust for whether respondents are eligible for NDI
follow-up. Eligibility-adjusted sample weights are available in many SLMFs including the
NHIS-LMF, and other SLMFs should consider including eligibility-adjusted weights. Fifth,
on a more general note, our results imply that researchers should proceed with caution in
analyses that focus on relatively small subgroups within SLMFs. This is true generally, but
our results imply that this is an important consideration particularly when using the GSS-
NDI. Our multivariate results suggest that the GSS-NDI performs adequately relative to the
other SLMFs examined in models that control for key sociodemographic and socioeconomic
attributes. This may or may not be the case, however, in analyses that focus on relatively
small subpopulations because it is difficult to predict how well the GSS-NDI performs.
Finally, a working group of mortality researchers should be convened to discuss SLMF data
quality issues and make recommendations to ensure the quality of linkages across datasets.
Members should have a mix of substantive and methodological expertise and experience
with SLMF data. Members should also represent multiple disciplines (demography,
epidemiology, biostatistics, survey statistics, computer science, etc.).

Survey linked-mortality files are an increasingly important source of information on
population health disparities, but few studies have examined how comparable these types of
data are to each other and to vital statistics data. Prior research comparing mortality
estimates between multiple SLMFs is also sparse. Our analyses address these important gaps
in extant research. Overall, our results suggest that not all survey-linked mortality files are
created equally. Mortality estimates based on the NHIS-LMF, HRS, and ACL are
comparable to U.S. vital statistics data, but absolute mortality estimates from the GSS-NDI
and vital statistics are not comparable. Differences in results between SLMFs are less
apparent in multivariate hazard models that include age and other key demographic and
socioeconomic controls measured at baseline. The contrast between our life table results and
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multivariate results is instructive because it demonstrates how multivariate analyses can
obscure fundamental structural flaws in SLMF mortality estimation. Analyses examining
data quality issues in SLMF mortality data must compare absolute and relative risk measures
(King et al. 2012). Although we cannot be certain without detailed information on linkage
quality, we suspect that the observed differences between the GSS-NDI and the other
surveys arise because the NDI record linkage algorithm performs sub-optimally in the GSS-
NDI due to missing personal identifiers. This means that the GSS-NDI differs from other
commonly-used mortality data sources in ascertaining respondents’ vital status. We advise
researchers to exercise caution when using the GSS-NDI to examine absolute U.S. adult
mortality patterns. Estimates of relative mortality risk in the GSS-NDI and other major
survey-linked mortality files generally are comparable in multivariate analyses when age and
key sociodemographic attributes are controlled, but researchers should exercise caution in
analyses that focus on relatively small sub-populations or specific age-groups.
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Appendix Table A: Age-specific mortality rates per 100,000 in U.S. vital
statistics, NHIS-LMF, HRS, ACL, and GSS-NDI

Vital statistics® NHISLMF> HRS® AcLY GSSNDI®

Total

Age 25 101.0 (47.5]}?4.8) - (0.0?11'38.4) (178?(:))’,32?39.5)

Age 35 150.7 (113%,9i625.4) - (27.%5%5?1.3) (337%,04382.6)

Age 45 302.3 (272?302590.0) - (113??,521%7.6) (623?5,05'3?52.2)

Age 55 693.0 (6436.325,86273.9) (484?28 6759.4) (416(.317,69?33.7) (1,12;92),6[11;18106.7)

Age 65 1,620.2 (1,52%2,4‘11;?)66.8) (1,26&2??;227.3) (1,19&2?52892.8) (2,013%,2297101.3)

Age75 3,760.0 (3,58§fg,zg:g63.6) (3,1933,22:281.5) (3,022%?3:(5)90.4) (3,62431%,92:334.0)

Age 85 10,026.8 (8,423:2?3;81.4) (7,95213?3;810.0) (7,432?&3?7186,5777.6) (6,33%2,4%18’)68.2)
Women

Age 25 334 (31.%?'339.6) - (o.o?%&.a) (110?1,4 2?38.4)

Age 35 9.0 (79.36,5'33.0) - (0.0762{30.3) (237?61,921%5.4)
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vital gtatigics® ~ NHISLMF® HRS® AcLY GSSNDI®
Age 5 2le4 (198?8,9?721-1) - (0.3,93?%12.6) (466?326197.0)
Age 55 S1L7 (494?71,1528.4) (331‘.1'72,4 é%s.s) (219‘.13,1{3223.6) (8952(,)?2?:10.6)
Age 65 12395 (1,21&13:;42;;73.8) (940%i?91?é652.1) (707%6’3?01?7718.7) (1,71%8,32;?69.0)
Agers 30020 (29805.50826) (25505 31134)  (2.0009.38804) (3.1605, 8.542.)
Age 85 87345 (7,30;3,0%:?197.9) (673;72,9 ?,';;159.3) (5,7013,332847.0) (5,82%3,5;:890.6)
Men
Age25 14 (57.%?';30-0) - (0.0éi'?e.zl) (217?85:'3%3.5)
Age3s 2055 (1393 158.0) - 00366  (4015.6518)
Age 45 3903 (332%2%2-1) - (121?56,56770.2) (727.2?(15;335.2)
Age 55 886.4 (791%,3{327.5) (597?5,4 é162.5) (450.2,71257.8) (1,2841(?,12?54.3)
Age 65 2,061.2 (1,86%:2?2;340.7) (1,54%1(75?111;373.7) (1,40?%?;;;82.1) (2,25%8@318.1)
Age 75 48072 (4,38471ig,5421;218.7) (3,8641%?411;%55.9) (3.7132%:}191.5) (3,90%2??1;321.8)
Age 85 12,658.7 10,415.2 10,300.6 12,127.0 7.479.3

(10,274.8, 10,554.2)

(9,482.3, 11,182.0)

(8,942.8, 15,649.9)

(6,603.8, 8,370.6)

a\/ital statistics for years 1986-2010.

bNationaI Health Interview Survey Linked Mortality File (NHIS-LMF, NHIS: 1986-2009, NDI: 1986-2011).

cHeaIth and Retirement Study (HRS, 1992-2010).

dAmericans’ Changing Lives study (ACL, 1986-2011).

eGeneraI Social Survey-National Death Index (GSS-NDI, GSS: 1986-2010, NDI: 1986-2011).

Notes: Mortality rates are based on weighted analyses. Exponential hazard models are estimated to obtain mortality rates.
To construct the life tables (not shown), age-specific mortality rates are estimated for exact ages 25 to 100+ (HRS:
50-100+). The predicted mortality rates used to create the life tables are equivalent to exponentially smoothed central death
rates (i.e., the my column of a life table). Additional information about this approach is available elsewhere (Teachman and
Hayward 1993). Other functional forms were considered, but exploratory analyses indicate that the exponential models fit
best. The Appendix contains a table that displays the coefficients from the exponential models used to construct the life

tables.

Appendix Table B: Life expectancies at selected ages in U.S. vital statistics,

NHIS-LMF, HRS, ACL, and GSS-NDI

vital Statistics®  NHISLMF®  HRS® acL?  GssnDI®

Total
Age 25 529 (54_51‘,1'524_2) - (53_53?'574.2) (49.??9.7)
Age 35 435 (44.?'24.6) - (43.‘;‘,1?%4.5) (40-‘;?"?1-1)
Age 45 343 (35.32?3?5.3) - (34314,1'3?5.2) (32.%??3.0)
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vital Statistics®  NHISLMF?  HRS® acL?  GssnDI®
Age 55 256 (26.?256.6) (26.%;'217.1) (25.27(,5'216.5) (2531?'55.7)
Age 65 179 (18.%'178.7) (18.%?'39.1) (18.%)?{’8.6) (19.%)?'129.3)
Age 75 113 (12.12?'122.2) (12.11?'132.3) (11.??2.2) (13.17?'34.0)
Age 85 6.2 (7.27,%.3) (6.5,27.2) (6.77,'(;.2) (9.3,'?3.9)

Women
Age2s >0 (563%6-4) - (56.51(,5'5?7.2) (51.55%'572.0)
Age 35 49 (46%?16-7) - (46.436,5'5137.4) (42%?}?3.1)
Aoe s 305 (37.?57'327-2) - (36%??7.9) (34.?'354.7)
Age 55 215 (28.225,3.;8.3) (28.27§'§9.0) (27.295,3.228.8) (26.26?37.0)
Age 65 193 (20.21(,)'210.1) (20.23(,)'250.6) (19.27(,)'210.6) (19.%;(,)'30.2)
AaeTe 122 (13-12?'123-2) (13-12?'133.4) (12.17?'113.5) (14.12?'114.6)
Age 8> 66 (7.87,%.9) (7.77,'5;9) (7.1,'78.0) (9.8??0.1)
Men

Age25 %02 (51?'5?1-8) - (49.%(,)'561.3) (46é?§7.7)
Age35 409 (42.‘5'52-3) - (40.‘}&2(1)1.7) (38.%?'3?8.9)
Age 5 319 (33%?'313-1) - (31.35%'392.5) (30.%(,)'391.2)
Age 55 235 (24.?.?4.6) (24.%?25.2) (22.29?'34.0) (23.%;,1'34.3)
Age 65 161 (17.%)?'87.0) (17.127'137.4) (15.:5'36.4) (17.%35,3'38.3)
Age TS 99 (10.%3??0.9) (10.%3%'21.1) (9.6?'30.4) (12.%;?'113.3)
Age 85 >4 (6-??%-3) (6.26,%.4) (5.??,'66.0) (9.3,%.4)

a\/ital statistics for years 1986-2011.

bNationaI Health Interview Survey Linked Mortality File (NHIS-LMF, NHIS: 1986-2009, NDI: 1986-2011).
DHeaIth and Retirement Study (HRS, 1992-2010).

dAmericans' Changing Lives study (ACL, 1986-2011).

eGeneraI Social Survey-National Death Index (GSS-NDI, GSS: 1986-2010, NDI: 1986-2011).
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Notes: Life expectancies are based on weighted analyses. To construct the life tables (not shown), age-specific mortality
rates are estimated for exact ages 25 to 100+ (HRS: 50-100+). The predicted mortality rates used to create the life tables
are equivalent to exponentially smoothed central death rates (i.e., the my column of a life table). Additional information
about this approach is available elsewhere (Teachman and Hayward 1993). Other functional forms were considered, but

exploratory analyses indicate that the exponential models fit best. The Appendix contains a table that displays the

coefficients from the exponential models used to construct the life tables.
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Fig. 1.
Mortality rate ratios for NHIS-LMF (1986-2011), ACL (1986-2011), GSS-NDI (1986-

2011), and HRS (1992-2011) compared with U.S. vital statisitcs (1986-2011), women
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Table 1

Characteristics of the NHIS-LMF, HRS, ACL, and GSS-NDI survey and analysis samples

Page 25

NHISLMF HRSva ACLb GSS-NDI
Study Design
Respondents
Age at interview 18+ 51+ 25+ 18+
Survey data
Interview period? 1986-2009 1992-2010 1986-2011 1978-2010
Interview years 24 21 5 25
Sample design Cross-sectional Longitudinal Longitudinal Cross-sectional

Population sampled
Data collection method

Mortality data

Follow-up years

Follow-up source

Respondents
Age at interview

Age at death/censoring
Survey data

Interview period

Sample design

Population sampled
Mortality data

Follow-up years

Follow-up source

Civilian, non-institutionalized

In-person

1986-2011

NDI, other Iinkaged

Civilian, non-institutionalized

In-person at baseline, by
phone for later waves

1992-2011

NDI linkage, Tracker file

Civilian, non-institutionalized

In-person at baseline, by
phone for later waves

1986-2011

NDI linkage, survey follow-
up

Sample Restrictions in the Current Study

25-84°
25-100+

1986-2009
Cross-sectional

Civilian, non-institutionalized

1986-2011
NDI linkage

51-100+

51-100+

1992-2010
Longitudinal

Civilian, non-institutionalized

1992-2011
NDI linkage

25-96

25-100+

1986-2011
Longitudinal

Civilian, non-institutionalized

1986-2011
NDI linkage

Civilian, non-institutionalized

Phone

1979-2014

NDI linkage

25-88

25-100+

1986-2010
Cross-sectional

Civilian, non-institutionalized

1986-2011
NDI linkage

Notes: ACL = Americans’ Changing Lives study; GSS-NDI = General Social Survey National Death Index; HRS = Health and Retirement Study;
NHIS-LMF = National Health Interview Survey Linked Mortality Files; NDI = National Death Index.

a . . . .
Only includes survey cross-sections/waves with mortality follow-up.

All respondents are community-dwelling initially (baseline interview). Respondents who subsequently transition into an institution are re-
interviewed (respondent or proxy interviews).

The HRS records respondents’ vital status at each interview wave (active follow-up) in addition to NDI linkages (statistical or passive follow-up).
The NDI successfully identifies the vast majority of decedents. To increase comparability across surveys, we only include NDI deaths in the HRS.

The NDI is the primary source for vital status in the NHIS-LMF. However, NHIS survey records are also linked with Social Security
Administration, Centers for Medicare and Medicaid Services, and death certificate data to ascertain respondents’ vital status. The 1986-2011
NHIS-LMF contains very few deaths identified from data sources other than the NDI (< .5% of all deaths).

61Age top-codes in the public-use NHIS vary over time: age 99+ (1986-1995), 90+ (1996), and 85+ (1997-2009).
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Descriptive statistics for respondents ages 25+ in the NHIS-LMF, HRS, ACL, and GSS-NDI samples

Table 2

NHISLMF®
N = 1,334,010

ACLb

N = 3,614

GSSNDI®
N = 31,480

Age (mean)

Female (%)

Race (%)
White
Black
Other

Marital status (%)
Currently married
Previously married
Never married

Educational attainment (%)
Less than high school
High school
Some college
College

Deaths (%)

48.3 (48.2, 48.4)
52.2 (52.2, 52.3)

83.4 (83.0, 83.8)
11.0 (10.7, 11.3)
5.6 (5.4, 5.8)

67.3 (67.0, 67.5)
19.9 (19.8, 20.1)
12.8 (12.7, 13.0)

17.1 (16.8, 17.3)
34.3(34.1,34.5)
23.8(23.7, 24.0)
24.8 (24.5, 25.1)
16.2 (16.0, 16.4)

41.1 (46.0, 48.2)
52.9 (51.0, 54.8)

835 (79.9, 86.6)
10.9 (8.6, 13.8)
5.6(3.8,8.1)

69.4 (66.7, 72.0)
20.4 (187, 22.2)
102 (8.5,12.2)

25.6 (22.7, 28.7)
31.4(29.0, 33.8)
23.3(20.8, 26.1)
19.7 (17.3, 22.4)
35.0 (32,5, 37.6)

47.6 (47.4, 47.8)
54.8 (54.1, 55.4)

80.9 (80.0, 81.8)
12.3 (116, 13.1)
6.8(6.2,7.3)

63.6 (62.9, 64.3)
21.9 (21.4, 22.4)
145 (14.0, 15.0)

17.9 (17.4, 18.5)
29.6 (29.0, 30.3)
25.8 (25.2, 26.4)
26.7 (25.9, 27.4)
19.5 (19.0, 20.0)

aNationaI Health Interview Survey Linked Mortality File (NHIS-LMF, NHIS: 1986-2009, NDI: 1986-2011).

bAmericans’ Changing Lives study (ACL, 1986-2011).

cGeneraI Social Survey-National Death Index (GSS-NDI, GSS: 1986-2010, NDI: 1986-2011).

Notes: The percentages (means) shown in the table are weighted. The analyses are based on individuallevel data.
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Descriptive statistics for respondents ages 50+ in the NHIS-LMF, HRS, ACL, and GSS-NDI samples

Table 3

NHISLMF?
N = 555,795

HRS

N= 31,625

acL®

N =2,070

cssNDI ¢

N= 13,255

Age (mean)

Female (percent)

Race (percent)
White
Black
Other

Marital status (percent)
Currently married
Previously married
Never married

Education attainment (percent)
Less than high school
High school
Some college
College

Deaths (percent)

63.9 (63.8, 64.0)
54.1 (54.0, 54.3)

86.6 (86.2, 87.0)
9.4(9.1,9.7)
40(3.8,4.3)

66.5 (66.3, 66.8)
28.7 (28.4, 28.9)
48(4.7,4.9)

24.0 (23.7, 24.3)
35.3(35.1, 35.6)
20.1(19.9, 20.3)
20.6 (20.3, 21.0)
32.3(31.9,32.8)

60.6 (60.4, 60.7)
50.9 (50.2, 51.5)

82.9 (82.4, 83.4)
11.3 (10.9, 11.6)
58 (5.5, 6.2)

70.8 (70.2, 71.4)
23.7(23.1,24.3)
55(5.2,5.9)

23.7 (23.2, 24.3)
31.0 (30.3, 31.6)
21.9 (21.3, 22.5)
23.4(22.8, 24.0)
28.9 (28.4, 29.5)

65.0 (64.3, 65.6)
55.8 (52.6, 58.9)

86.9 (83.4, 89.8)
10.4 (7.9, 13.6)
2.7(1.6,4.7)

66.6 (63.5, 69.6)
29.5(26.7,32.3)
3.9(3.0,5.2)

42.2(37.7,46.8)
30.4 (27.3, 33.6)
16.0 (13.4, 18.5)
11.3(9.0,13.7)
71.8 (68.9, 74.5)

63.2 (63.0, 63.4)
55.3 (54.4, 56.3)

85.0 (84.0, 86.0)
11.0 (10.1, 11.9)
4.1(3.6,4.7)

65.3 (64.4, 66.3)
29.7 (28.8, 30.6)
5.0 (4.6, 5.4)

25.0 (24.1, 25.9)
31.3(30.4,32.2)
21.1(20.3, 21.9)
22.6 (21.7, 23.6)
33.2(32.3,34.1)

aNationaI Health Interview Survey Linked Mortality File (NHIS-LMF, NHIS: 1986-2009, NDI: 1986-2011).

bHeaIth and Retirement Study (HRS, 1992-2010).

cAmericans’ Changing Lives study (ACL, ACL: 1986-2011, NDI: 1986-2011).

dGeneraI Social Survey-National Death Index (GSS-NDI, GSS: 1986-2010, NDI: 1986-2011).

Notes: The percentages (means) shown in the table are weighted. The analyses are based on individual level data.
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