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Abstract

OBJECTIVE—Cardiovascular disease (CVD) mortality has declined substantially in the U.S.
The aims of this study were to examine trends and demographic disparities in mortality due to
CVD and CVD subtypes among adults with and without self-reported diabetes.

RESEARCH DESIGN AND METHODS—We used the National Health Interview Survey
(NHIS) (1985-2014) with mortality follow-up data through the end of 2015 to estimate nationally
representative trends and disparities in major CVD, ischemic heart disease (IHD), stroke, heart
failure, and arrhythmia mortality among adults =20 years of age by diabetes status.

RESULTS—Over a mean follow-up period of 11.8 years from 1988 to 2015 of 677,051 adults,
there were significant decreases in major CVD death (all #values <0.05) in adults with and
without diabetes except adults 20-54 years of age. Among adults with diabetes, 10-year relative
changes in mortality were significant for major CVD (—32.7%[95%CI -37.2, —=27.9]),
IHD(-40.3%][-44.7, —35.6]), and stroke (-29.2% [-40.0, —16.5]), but not heart failure (-0.5%
[-20.7, 24.7]), and arrhythmia (-12.0% [-29.4, 77.5]); the absolute decrease of major CVD
among adults with diabetes was higher than among adults without diabetes (£ < 0.001). Men with
diabetes had larger decreases in CVD death than women with diabetes (P < 0.001).

CONCLUSIONS—Major CVD mortality in adults with diabetes has declined, especially in men.
Large reductions were observed for IHD and stroke mortality, although heart failure and
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arrhythmia deaths did not change. All race and education groups benefitted to a similar degree, but
significant gaps remained across groups.

Cardiovascular disease (CVD) is the leading cause of death and morbidity in U.S. adults;
compared with the population without diabetes, persons with diabetes have about twice the
risk of CVD mortality (1). In recent decades, however, CVD mortality decreased nationally
among persons both with and without diabetes in Sweden (2), Australia (3), and the U.S. (4).
However, CVD is a diverse set of conditions and the pathophysiology of CVD has been
shown to differ according to diabetes status (5-7). Additionally, there are disparities in
diabetes and CVD outcomes across sociodemographic groups in the U.S. (8), and declines in
death rates from coronary heart disease from 1979 to 2011 were most pronounced in adults
>65 years of age (9). It is unclear whether recent improvements in CVD have accentuated or
diminished these sociodemographic disparities, and whether similar patterns are also present
in people with diabetes.

Although many U.S. national mortality surveillance reports have been based on the
registration of deaths, it is impossible to calculate national mortality among persons with or
without diabetes using vital registration records without a decedent’s diabetes status
information. The nationally representative National Health Interview Survey (NHIS)
mortality follow-up data provide a unique opportunity to concurrently examine nationally
representative trends in annual mortality rates between people with and without diabetes
(10). In this study, we used data from NHIS participants over the period from 1985 to 2014
with mortality linkage up to 2015 to address the following questions among U.S. adults by
diabetes status: Z) whether trends in mortality from major CVD and CVD subtypes have
decreased and 2) whether sociodemographic disparities in mortality from CVD and CVD
subtypes among different age, sex, race/ethnicity, and education groups have narrowed.

RESEARCH DESIGN AND METHODS

Data Source

The NHIS is an annual, in-person, interviewer-administered household survey of the health
status and behaviors of the U.S. noninstitutionalized population. The survey uses a
multistage, probability-sampling approach to select >30,000 U.S. adults each year. The
annual response rate of NHIS is ~80% of the eligible households in the sample (11).

This study included all sampled adults who participated in the diabetes survey module in the
NHIS from 1985 to 2014 who were =18 years of age with mortality follow-up. In addition,
demographic data (age, sex, and race/ethnicity) and diabetes status of the NHIS 2015
without mortality follow-up were used to provide the population structure and sampling
weights for poststratification reweighting for those sampled adults with mortality follow-up
beyond 2014 (10). To describe the demographic characteristics of the samples, the surveys
were aggregated into the following six periods: 1985-1989, 1990-1994, 1995-1999, 2000-
2004, 2005-2009, and 2010-2014.

NHIS 1985-2014 baseline surveys were linked with the restricted-use version of the NHIS
linked to the National Death Index File. Participants were followed from the date of
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interview up to the date of death or 31 December 2015, whichever came first. An estimated
96% of baseline participants had the eligible mortality follow-up information. The National
Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention used
poststratification reweighting based on the U.S. population to account for ineligible follow-
up after year 1997.

To minimize potential selection biases at baseline caused by other factors such as
immobility, aging, poor health, or pre-existing conditions at baseline, all follow-up times of
participants were excluded up to the end of the second year of follow-up as a washout period
(10). Therefore, trends and disparities in CVD mortality were estimated only for 1988-2015
and adults =20 years of age at follow-up. Since diabetes status was assessed only at baseling,
adults without diabetes at baseline could become incident case patients during the follow-up.
To minimize the bias with sufficient statistical power, the maximum follow-up duration was
10 years.

Diabetes Status and Duration

The content of the survey has been updated about every 10 years. From 1980 to 1996, only a
subsample of participants (one of every six) was asked whether in the past 12 months they or
any family member had diabetes. Adults were classified as having prevalent self-reported
diagnosed diabetes (hereafter termed “diabetes™) if they answered “yes” to the question,
“During the past 12 months, did you have diabetes?” Starting from 1997, all sampled adults
were asked whether a health professional had ever told them they had diabetes. Participants
were classified as having prevalent diabetes if they answered “yes” to the question, “Other
than during pregnancy, have you ever been told by a doctor or health professional that you
have diabetes or sugar diabetes?” for women, or “Have you ever been told by a doctor or
health professional that you have diabetes or sugar diabetes?” for men. Participants =18
years of age with diagnosed diabetes were asked “How old were you when a doctor first told
you that you had diabetes or sugar diabetes?” (i.e., age at diagnosis of diabetes) (12).
Therefore, the duration of diabetes was calculated from their age at diagnosis and their age
at the time of the interview.

Mortality Outcomes

The coding of underlying causes of death prior to 1999 used the ICD-9 guidelines, whereas
the coding of causes during 1999 and onward used the ICD-10 guidelines. We used the
grouped codes for causes of death in major CVD death (ICD-9 codes 390-448 or ICD-10
codes 100-178), and four subtypes of CVD death including deaths due to ischemic heart
disease (IHD) (ICD-9 codes 410-414 or ICD-10 codes 120-125): cerebrovascular diseases
(stroke, ICD-9 codes 430-434, 436-438; or ICD-10 codes 160-169); heart failure (ICD-9
code 428 or ICD-10 code 150); and arrhythmia (ICD-9 code 426 or 427 [excluding 427.5];
or ICD-10 codes 144-145 or 148-149) (13).

Data collection for NHIS was approved by the NCHS Research Ethics Review Board.
Analysis of deidentified data from the survey is exempt from the federal regulations for the
protection of human research participants. Analysis of restricted data through the NCHS
Research Data Center was also approved by the NCHS Ethics Review Board.
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Other Covariates

To describe baseline characteristics, we used sex, age at baseline (in years) grouped as 18—
54, 55-64, and =65, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanics,
and others). Education was used as an indicator of social position and presented as the
following three categories: less than high school, high school, and more than high school. In
trend and disparity analysis, to increase the sample sizes of lower education in the later years
with short follow-up time, education level was limited to the following two categories: high
school completed or less and more than high school.

To calculate yearly and period-specific death rates, we divided the continuous time-to-event
survival data into discrete survival years from the date at interview to the date of death or
censoring on 31 December 2015. We used year at follow-up, age at follow-up, and status of
event (alive or dead) at follow-up as time-varying variables. For modeling age-adjusted
estimates of death rates, age at follow-up was treated as a continuous variable. For age
stratification, age at follow-up was divided into the following three strata: 20-54, 55-64, and
>65 years of age. Depending on the purposes of the analyses, discrete years during the
follow-up period were treated as either categorical (1988-1994, 1995-1999, 2000-2004,
2005-2009, and 2010-2015) for tables or continuous for modeling annual change.

Statistical Analysis

To describe baseline characteristics from 1985 to 2014, we used means (with SEs) for
continuous variables and proportions (with SEs) for categorical variables. For categorical
variables, we used Pearson’s XZ tests to compare baseline characteristics across survey
periods. Linear regression was used to estimate means and test differences between means.

We used discrete Poisson regression to model mortality. We modeled the trend of rates with
quadratic terms for calendar year and age. Average marginal prediction was used to estimate
crude and adjusted mortality. To adjust for the fact that cohorts from the baseline surveys are
older by calendar year, we poststratified the overlapped cohort sample weights at each
follow-up calendar year using the U.S. population structure of that specific year (10). Both
absolute (10-year absolute change) and relative (10-year percentage change) terms were
used to examine trends in mortality. We used a 10-year derivative and derivative as an
elasticity approach to estimate average absolute change and mortality rate ratio (RR). The
10-year percentage change is calculated using (RR - 1) x 100.

Quadratic and cubic terms of year at follow-up were evaluated but were not statistically
significant, and were excluded from the final models. We used the interaction term of
diabetes status and periods in models to examine potential differences in mortality decline
by diabetes status. The delta method was used to compute the SE and CI for difference or
the ratio of independent estimates. In a sensitivity analysis, to examine whether mortality
patterns changed because of a potentially earlier diagnosis of diabetes in later years, we
reclassified persons with diabetes in the first 2, 3, 4, and 5 years of follow-up as not having
diabetes over the four baseline survey periods (1997-1999, 2000-2004, 2005-2009, 2010-
2014), respectively.
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We used Stata version 15.1 (StataCorp LP, College Station, TX) to manage and analyze data
accounting for the complex multistage sampling design and to produce weighted estimates
and 95% Cls and total case estimates. For comparisons of estimates, we used a two-sided ¢
test with significance defined as £ < 0.05. We used R (ggplot2 package: http://ggplot2.org/)
for data visualization.

In the baseline surveys from 1985 to 2014, the final analytical unweighted sample sizes
(representing annual average U.S. adult population in millions [M]) during each period were
59,869 (172 M), 69,185 (181 M), 113,323 (193 M), 148,418 (208 M), 123,430 (223 M), and
162,835 (235 M), respectively, in 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005—
2009, and 2010-2014. Table 1 describes the baseline characteristics and the prevalence and
duration of diabetes by time period from 1985 to 2014 at baseline survey. Across the time
periods, the U.S. adult population became older and more racially diverse, improved in
education level, and had higher diabetes prevalence.

Over the period, among 677,051 adults with a mean follow-up period of 11.8 years, the
average crude death rates (per 1,000 person-years) for major CVD, IHD, stroke, heart
failure, and arrhythmia were 4.3 (95% Cl 4.2, 4.4), 2.3 (2.2, 2.4), 0.7 (0.6, 0.7), 0.3 (0.2,
0.3), and 0.1 (0.1, 0.2), respectively (not shown in the table). These estimates approximate
those from the National Vital Statistics System queried from the Centers for Disease Control
and Prevention’s WONDER system (14). From 1988 to 2015, there were 3,830 deaths
among sampled adults with diabetes and 14,993 deaths among adults without diabetes in our
analytical sample (Table 2). As expected, major CVD mortality among adults with diabetes
(8.2 per 1,000 person-years) was —110% higher than major CVD mortality among adults
without diabetes (3.9 per 1,000 person-years), and the mortality of each type of CVD was
~70% to ~130% higher among adults with diabetes compared with those without diabetes.

For adults both with and without diabetes, death rates from major CVD, IHD, and stroke
declined over time. However, there was no significant change in heart failure and arrhythmia
deaths for adults with and without diabetes, except for the increase of arrhythmia among
adults without diabetes. The 10-year relative changes of major CVD, IHD, stroke, heart
failure, and arrhythmia were —32.7% (95% CI -37.2, —27.9), —40.3% (-44.7, —35.6),
-29.2% (-40.0, -16.5), —-0.5% (—20.7, 24.7), and 12.0% (—29.4, 77.5) for adults with
diabetes and —26.2% (-28.6, —23.7), —35.3% (-38.0, —32.4), —25.5% (-30.2, —20.4), 2.6%
(-9.4, 16.2), and 40.4% (19.6, 64.7) for adults without diabetes. Compared with adults
without diabetes, adults with diabetes experienced a 25% [ = 100 x (=32.7 — (-26.2))/-26.2]
greater 10-year percentage reduction of major CVD, and the 10-year absolute changes (per
1,000 person-years) in major CVD and IHD death rates among adults with diabetes were
-2.0[=-3.2-(-1.2)] and -1.6 [= -2.5 — (=0.9)] greater, respectively (all < 0.001), than
among adults without diabetes. The Pvalues for interaction of diabetes and survey periods
on mortality secular changes were 0.023, 0.221, 0.523, 0.847, and 0.612, respectively, for
major CVD, IHD, stroke, heart failure, and arrhythmia. Although both the absolute and
relative reduction in death rates for stroke, heart failure, and arrhythmia tended to be higher
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for adults with diabetes compared with those without diabetes, differences in changes in
rates over time by diabetes status were NS.

Figure 1 displays sex- and race/ethnicity-adjusted trends in major CVD, IHD, and stroke
mortality by three age-groups (20-54, 55-64, and =65 years of age) for adults with diabetes.
For both major CVD and IHD, declines in rates were larger among older adults than younger
adults (P< 0.001), resulting in a narrowing of the gaps in death rates. Supplementary Figs.
1-3 display adjusted trends in major CVD, IHD, and stroke mortality by sex, race/ethnicity,
or education, respectively. We did not plot the similar figures for heart failure and
arrhythmia because of an insufficient number of events.

Table 3 presents average mortality rates for 1988-2015 in terms of absolute and relative
changes in rates over that time period for adults with and without diabetes. The results show
a slight increase in adjusted trends in heart failure mortality relatively (P < 0.001 for adults
20-54 years of age only) (Table 3). There was no evidence of a secular change in arrhythmia
deaths among adults with diabetes by age-group. In general, there were statistically
significant disparities in major CVD mortality across age, sex, race/ethnicity, and education
subgroups among persons with and without diabetes (all 2 values of RRs <0.05); the only
reductions of absolute gaps over time were seen by age and sex subgroups. Disparities by
educational level and race/ethnicity for major CVD and IHD remained with no significant
differences in 10-year absolute and relative changes. For stroke, race/ethnicity disparities
narrowed with higher declines in rates among non-Hispanic black individuals than among
other groups in absolute terms (P < 0.001) and relative terms (P < 0.001).

Mortality from heart failure was lower than for IHD or stroke (Table 3). As expected, older
adults with diabetes had a significantly higher risk of death from heart failure than those
without diabetes. Interestingly, the 10-year percentage change in heart failure deaths was
significantly increased in the youngest age-group (20-54 years of age) and did not change
significantly in the other two age-groups. Finally, arrhythmia deaths did not statistically
significantly differ by sex, race/ethnicity, or education among adults with diabetes.
Nevertheless, there was a small increase of arrhythmia deaths in older, non-Hispanic white
adults and lower educated adults.

To examine the potential impact of earlier diagnosis related to diabetes diagnostic criteria
changes and increasing diabetes awareness, we conducted the sensitivity analysis as
described in RESEARCH DESIGN AND METHODS. As shown in Supplementary Table
1A and B, the sensitivity analyses yielded no appreciable changes in death rates compared
with the primary analyses.

As adults with major CVVD death (r7=16,118) who died before 2015 but after 10th year of
follow-up were right censored at 10 years, we conducted a sensitivity analysis that included
each individual’s whole follow-up period and the results did not change the inference.

CONCLUSIONS

This analysis of national trends in CVD subtype mortality revealed four main findings. First,
the large CVD mortality rate reductions among persons with diabetes significantly narrowed
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CVD mortality gap between persons with and without diabetes over the past 30 years.
Second, subgroup analyses revealed a concerning lack of significant improvement in
mortality rates among young adults. Third, disparities in CVVD mortality among adults with
diabetes persisted by age, sex, race/ethnicity, and education subgroups, but narrowed for age
and sex due to larger decreases in the elderly and in men. Finally, mortality changes were
not homogenous across CVD subtypes, because heart failure death rates improved the least
and even increased in younger adults (10-year percentage change 11.8 [95% CI 3.5, 20.0]) in
Table 3].

Factors explaining these improvements remain an area of debate. The assessment of risk
factors in NHIS is limited to baseline and self-report, making it difficult to assess the factors
explaining reductions in mortality. However, previous studies (15) have suggested that
improvements in overall CVD mortality are due to multiple factors, ranging from advances
in medical and lifesaving treatments for acute CVD events, improvements in medication
accessibility, and reduction in the risk of complications of diabetes. Tobacco use, an
unhealthy diet and physical inactivity, obesity, elevated blood pressure, abnormal blood
lipids, elevated blood glucose levels, and family history, in addition to diabetes, are major
risk factors for CVD (15). Our previous studies (16) have shown that the proportions of
smoking, high cholesterol, and high blood pressure, and medication for hyperlipidemia, high
blood pressure, and hyperglycemia have improved among the U.S. population and especially
among people with diabetes. The improvements in the control of risk factors might lead to
reduced complications; a recent study found large reductions over the past 2 decades in the
incidence of a wide range of diabetes-related complications (including acute myocardial
infarction and stroke) that often lead to death. Thus, adults with diabetes may have benefited
more than those without diabetes from risk factor control (16).

We found that CVD mortality decreased among both men and women, and the CVD
mortality gap between men and women narrowed for adults both with and without diabetes.
Part of this attenuated sex gap of CVD mortality is likely a function of men having started
from a much higher rate of exposure of risk factors and thus are more apt to benefit from the
improvements in risk factor management that occurred. However, greater improvements in
men could also be due to lower perceptions of CVD in women (17) and less improvement of
traditional risk factor control (18). Women might also have a different spectrum of heart
disease that is more related to inflammation, reproductive hormones, and microvascular
disease, each of which is outside the scope of regular CVD risk factor management (19).

Heart failure and arrhythmia are two major cardiovascular complications among adults with
diabetes (20,21). Contrasted to a major study in Sweden that showed a significant decrease
of hospitalization for heart failure among persons with type 2 diabetes, our findings suggest
that the risk of heart failure death increased among younger adults with diabetes (Table 3),
which is consistent with the trends in the general population (15) and with another Swedish
study (22) that found an increase in hospitalization for heart failure among young adults.
Our analysis could not assess the pathophysiological mechanisms underlying the differences
in trends in mortality that were observed; however, both heart failure and arrhythmia can be
complications of macrovascular diseases such as IHD. They may also have the same risk
factors and have particular associations with diabetes due to the effects of diabetes and
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obesity on diastolic heart dysfunction, microvascular disease, cardiomyopathy, and
neuropathy (23,24). The increases in heart failure deaths, especially in younger adults, and
the increases in arrhythmia deaths in older adults could also have been influenced by an
increase in survival rate from macrovascular coronary disease or an increase in other risk
factors. It is worth raising awareness of these increases among adults with diabetes and their
physicians, and to encourage attentive management of traditional risk factors as well as
consideration of non-traditional risk factors (25).

Our findings confirmed the persistence of disparities in CVD mortality across racial/ethnic
and education groups (15). Major CVD mortality among adults with diabetes decreased
across all subgroups without significant differences, except that non-Hispanic white
individuals experienced higher reductions in stroke deaths.

There were some limitations in our study. First, our study relied on self-reported diabetes
status assessed only at baseline. The persons with diabetes might also experience a small
portion of remission in a short period (26). We could not distinguish between type 1 and
type 2 diabetes. The differences in mortality between young and old adults could be affected
by the different type of diabetes. Although self-reported diabetes is highly specific and
closely correlated with medical records (27), it is known to be nonsensitive to the broader
population with undiagnosed diabetes (28). If persons with undiagnosed diabetes have better
health status than persons with diagnosed diabetes, the misclassification of persons with
undiagnosed diabetes into the group without diabetes in our study could lead to the
overestimation of CVVD mortality rates in both the group with diabetes and the group without
diabetes. However, the prevalence of undiagnosed diabetes and the ratio of undiagnosed
diabetes to nondiabetes has been relatively stable nationally and thus unlikely to have had a
major effect on the differential trends in CVD mortality between the populations with and
without diabetes (29). The possible impact of changes from ICD-9 to ICD-10 on the trends
were evaluated by Anderson et al. (13). Compared with ICD-9, ICD-10 classification results
in a slightly lower likelihood of being coded as a heart disease death coding and a higher
likelihood of stroke death coding as the underlying causes of death. An additional limitation
is that the attributions of cause of death relied on death certificates, which could be
misclassified. That said, the accuracy of death certificates for CVD have been shown to be
acceptable and relatively stable during the study period (30). Recommended diabetes
diagnostic criteria had been changed twice since 1997. Although we cannot rule out some
impact of earlier diagnosis leading to a healthier denominator in later years, our sensitivity
analyses simulating the effect of increased detection had little change on our main findings
and the duration of diabetes changed little between the NHIS cohorts. In addition, we
excluded the first 2 years of follow-up time and followed up adults for up to 10 years to
minimize potential selection bias and misclassification. Although our study demonstrates
trends in CVD mortality of U.S. adults with diabetes, the factors driving this trend need
further exploration in the future because the available NHIS data do not permit further
exploration.

Several significant factors differentiate ours from previous studies. To our knowledge, this is
the first U.S. national report of long-term trends and disparities in CVD mortality and its
subtypes among adults with diabetes. We found that there was no reduction of major CVD

Diabetes Care. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheng et al.

Page 9

mortality but, rather, an increase in heart failure among young adults; whereas gaps in major
CVD deaths among race and education narrowed in absolute terms. We report findings both
in terms of relative changes and in terms of absolute change. Our study provides several
design and analytic advances over previous work, including the first comprehensive
examination of cause-specific CVD mortality in the U.S. population who have received
diagnoses of diabetes. Instead of presenting survival data and changes by cohorts, we used
weighted discrete Poisson models to permit estimation of nationally representative rates by
calendar year, which are more descriptive and informative for surveillance and health policy
making.

We conclude that in the U.S. from 1988 to 2015, although adults with diabetes experienced
larger reductions in CVD mortality over time, they still remain at higher risk of CVD
mortality than those without diabetes. The major portion of decreases in CVD mortality was
observed in decreases in IHD and stroke deaths. Disparities in CVD mortality among adults
with diabetes have substantially narrowed, especially between women and men, which
suggests that mortality and disparities can be reduced by primary prevention of risk factor
exposure, and improvements in detection and treatment at individual, community, health
care system, and environmental levels (31). However, disparities in mortality still continue
and need to be closely monitored and improved.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1—.
Tr?ends in mortality by age-groups and select CVDs among adults with diabetes. Among
U.S. adults both with and without diabetes by three age-groups (20-54, 55-65, and =65
years of age), the sex- and race/ethnicity-adjusted death rates from major CVD including
IHD and stroke have decreased steadily from 1988 to 2015, especially among adults =65
years of age with diabetes. The solid lines represent the mortality of adults with diabetes,
and the dashed lines represent the mortality of adults without diabetes. The green lines

represent the mortality of adults 20-54 years of age, the orange lines represent the mortality
of adults 55-65 years of age, and the blue lines represent the mortality of adults =65 years of

age.
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