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RESEARCH DESIGN AND METHODSdWe compared 3-year death rates of four consecutive nationally representative samples (1997–1998, 1999–2000, 2001–2002, and 2003–2004)
of U.S. adults aged 18 years and older using data from the National Health Interview Surveys linked
to National Death Index.
RESULTSdAmong diabetic adults, the CVD death rate declined by 40% (95% CI 23–54) and
all-cause mortality declined by 23% (10–35) between the earliest and latest samples. There was
no difference in the rates of decline in mortality between diabetic men and women. The excess
CVD mortality rate associated with diabetes (i.e., compared with nondiabetic adults) decreased
by 60% (from 5.8 to 2.3 CVD deaths per 1,000) while the excess all-cause mortality rate declined
by 44% (from 10.8 to 6.1 deaths per 1,000).
CONCLUSIONSdDeath rates among both U.S. men and women with diabetes declined
substantially between 1997 and 2006, reducing the absolute difference between adults with
and without diabetes. These encouraging ﬁndings, however, suggest that diabetes prevalence
is likely to rise in the future if diabetes incidence is not curtailed.
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D

iabetes has been associated with
an average 10 years of life lost for
individuals diagnosed during middle
age (1). Fortunately, numerous evidencebased interventions exist, ranging from glycemic and cardiovascular disease (CVD)
risk factor control to early screening for diabetes complications (2). These have been
paralleled by population-wide improvements in glycemic control, CVD risk factors,
and rates of several diabetes complications (3–5). Despite these improvements,

it remains unclear whether longevity has
increased uniformly among diabetic populations. Studies in speciﬁc diabetic cohorts
in Framingham, Minnesota, and North
Dakota suggest mortality declined during
the 1990s (6–8). Analyses of consecutive
cohorts of the U.S. population from the
1970s through the 1990s, however, found
that all-cause and CVD death rates declined
among diabetic men but not diabetic
women (9,10). However, no national studies have examined mortality trends among

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1Division of Diabetes Translation, Centers for Disease Control and Prevention, Atlanta, Georgia; and
the 2National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health,
Bethesda, Maryland.
Corresponding author: Edward W. Gregg, edg7@cdc.gov.
Received 18 June 2011 and accepted 27 December 2011.
DOI: 10.2337/dc11-1162
A slide set summarizing this article is available online.
The opinions expressed in this article are those of the authors and do not necessarily reﬂect the views of the
Centers for Disease Control and Prevention.
© 2012 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for proﬁt, and the work is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

See accompanying commentary, p. 1204.
1252

DIABETES CARE, VOLUME 35, JUNE 2012

RESEARCH DESIGN AND
METHODSdThe NHIS is an ongoing
survey of the health status, health care
access, and behaviors of the U.S. civilian
noninstitutionalized population conducted
by the National Center for Health Statistics
(NCHS) (11). The NHIS uses multistage
probability sampling to select approximately 41,000 households and 107,000 individuals each year. The annual response
rate of NHIS between 1997 and 2004
ranged from 87 to 92%. Here, we used
data from 242,383 (approximately 30,000
per year) adults aged 18 years and older (one
randomly selected from each family to receive additional NHIS questions) from the
survey years 1997–2004 whose data were
linked to the National Death Index, a computer database of all deaths in the U.S. compiled by the NCHS (12). Approximately
89% of all participants’ data (range of 86–
93% across survey years) were considered
adequate for accurate linkage (12). All NHIS
surveys undergo human subjects oversight
and participants give informed consent.
More detailed descriptions of the NHIS
design have been published elsewhere (11).
Measurements
Interviewers assessed diabetes status by
asking participants if a doctor or other
health professional had ever told them
that they had diabetes or sugar diabetes
and the number of years since diagnosis.
In addition, respondents were queried for
age, race/ethnicity, sex, education, family
income, history of CVD, and self-reported
height and weight, which were used to
care.diabetesjournals.org
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OBJECTIVEdTo determine whether all-cause and cardiovascular disease (CVD) death rates
declined between 1997 and 2006, a period of continued advances in treatment approaches and
risk factor control, among U.S. adults with and without diabetes.

the U.S. diabetic population since the
1990s, and the intervening years have
been a period of continued advances in
treatment approaches and risk factor levels.
Newly available mortality follow-up data
linked to the National Health Interview
Survey (NHIS) provide a unique opportunity to determine whether CVD and allcause mortality has improved among the
U.S. population during recent decades as
well as whether the excess mortality associated with diabetes has declined (11,12).
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Statistical analyses
Our primary objective examined whether
death rates in later samples of persons with

diabetes were different from those of earlier
samples. Secondary objectives examined
whether changes in mortality over time differed between the diabetic and nondiabetic
cohorts and between various age, sex, race,
and socioeconomic subgroups of the diabetic population.
We grouped the survey participants
into four consecutive 2-year samples
(1997–1998, 1999–2000, 2001–2002,
and 2003–2004) and calculated death
rates (deaths per person-years) for a maximum of 3 years of follow-up. Participants’
data were censored at the time (quarter
year) of death or after 3 years if still alive.
Death rates were age-standardized to the
projected year 2000 U.S. population. We
used x2 tests and ANOVA to determine
whether demographic and health characteristics of the population changed across
surveys. We examined the normality distribution of residuals to conﬁrm the appropriateness of ANOVA. We compared

survival distributions between the samples
according to diabetes status and key covariates using life table analysis and log rank
tests. We then used Cox proportional hazards analysis to compare death rates between earlier and later samples among the
diabetic population, nondiabetic population, and among various subgroups of the
diabetic population. We also compared
death rates between individuals with and
without diabetes. To examine the potential
bias that would exist if later cohorts are diagnosed earlier in the natural history of diabetes, we excluded those with less than 2
years of diabetes duration from the most
recent sample. Survey weights were applied
to make study estimates representative of
the U.S. civilian noninstitutionalized adult
population with diabetes. In addition, survey weights were adjusted to account for
potential nonresponse bias associated with
age, sex, or race/ethnicity. Results were considered signiﬁcant if P , 0.05, and analyses

Table 1dCharacteristics of the U.S. adults with and without diabetes according to 2-year study cohorts, 1997–2004
Diabetes
Cohort
N
Age, years
Sex, female
Race/ethnicity groups
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Education
Less than high school
High school
More than high school
Poverty index ratio
,2.0
2.0–4.9
5.0 or higher
BMI, kg/m2
BMI groups, kg/m2
25 to ,30
.30
History of CVD
Difﬁculty walking/climbing
Age at diagnosis, years
Years since diabetes diagnosis
All-cause deaths at 3 years follow-up (n)
CVD deaths of 3 years follow-up (n)
Cancer deaths at 3 years follow-up (n)
Current smoker
Sedentary
Meet physical activity guidelines

No diabetes

1997–1998 1999–2000 2001–2002 2003–2004 1997–1998 1999–2000 2001–2002 2003–2004
3,825
60.1
54.0

3,762
59.9
51.9

4,288
59.8
49.9

4,399
60.3
49.9†

61,141
44.4
51.9

55,905
44.6
52.0

56,061
44.7
52.2

53,002
44.9‡
52.1

67.3
16.9
11.6
4.2

67.9
16.2
11.7
4.2

68.1
15.4
11.5
5.0

67.9
15.2
11.8
5.1

75.0
10.7
9.9
4.4

74.5
10.8
10.
4.4

73.3
10.9
10.9
5.0

72.1‡
10.7
12.4
4.7

35.5
31.2
33.3

31.6
31.4
37.0

30.3
32.9
36.8

27.6‡
30.5
41.9

18.5
30.1
51.4

17.8
30.2
52.1

16.9
29.3
53.8

16.8‡
28.1
54.1

42.4
40.7
16.9
29.8

40.0
41.3
18.7
30.1

37.7
42.1
20.2
30.8

40.1*
40.2
19.7
31.0‡

29.5
44.9
25.7
26.1

27.2
44.1
28.
26.4

26.9
44.0
29.0
26.6

28.5‡
43.0
28.5
26.8‡

35.9
42.2
26.3
51.9
48.4
11.7
403
187
75
18.5
51.7
27.1

34.7
44.2
25.2
47.3
48.1
11.8
369
157
73
17.2
51.5
28.1

33.6
48.4
27.0
49.6
48.2
11.6
440
179
87
17.5
48.1
29.2

32.0†
50.0
26.0
50.9‡
48.4
11.9
352
140
70
16.2
48.0†
31.4

36.0
19.0
5.3
15.3
d
d
1,775
702
491
24.9
35.7
43.3

36.2
20.7
5.0
14.4
d
d
1,478
568
393
23.8
36.5
43.0

36.2
22.0
5.5
15.9
d
d
1,503
542
422
23.2
34.4
44.7

36.5†
22.6
5.4‡
16.0‡
d
d
1,319
477
384
21.9‡
35.0‡
44.3

Data are mean or percent unless otherwise indicated. *P value for test of heterogeneity across years, by diabetes status: ,0.05. †P value for test of heterogeneity across
years, by diabetes status: ,0.01. ‡P value for test of heterogeneity across years, by diabetes status: ,0.001.
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compute BMI (kg/m2). Income was used
to compute the poverty index ratio, an
index of income assessed in relation to
need, with a score of 1 representing the
ofﬁcial federal poverty threshold, a score of
,1 indicating a relative level of poverty,
and a score of .1 representing income
as a multiple of the poverty level. Mortality,
including causes of death, was determined
from the National Death Index, which was
linked with the NHIS (12). The participants’ vital status was available from the
time of the survey 1997–2004 through 31
December 2006 (up to 10 years). Underlying causes of death were classiﬁed according
to the codes of the International Classiﬁcation of Diseases, Ninth Revision including
those coded 390 to 448 classiﬁed as CVD
deaths (ICD-10 codes 100–178).
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Data are deaths per 1,000 person-years except where indicated as HRR (95% CI). DM, diabetes. *P value for test of heterogeneity across years, by diabetes status: ,0.05. †P value for test of heterogeneity across years, by
diabetes status: ,0.01. ‡Age, sex, race/ethnicity, education (analyses across years, within diabetes status also controlled for diabetes duration).

0.95 (0.66–1.37)
1.03 (0.89–1.20)
0.93
0.58
3.5 (2.6–4.4)
2.4 (2.1–2.7)
1.1 (0.2–2.0)
1.47 (1.11–2.96)
3.3 (2.4–4.2)
2.6 (2.4–2.9)
0.7 (20.3 to 1.6)
1.24 (0.94–1.65)

4.5 (2.9–6.1)
2.7 (2.3–3.0)
1.8 (0.2–3.4)
1.36 (1.04–1.78)

3.0 (2.2–3.8)
2.6 (2.4–2.9)
0.4 (20.5 to 1.2)
1.16 (0.86–1.57)

20.3 (21.5 to 0.9)
0.0 (20.4 to 0.4)

0.77 (0.65–0.90)
0.97 (0.89–1.05)
0.02
0.36
25.2 (28.5 to 21.8)
20.5 (21.3 to 0.3)
17.9 (15.5–20.4)
8.7 (8.2–9.2)
9.2 (6.8–11.7)
1.86 (1.62–2.13)
20.3 (17.6–22.9)
9.5 (9.0–10.0)
10.8 (8.1–13.4)
1.94 (1.70–2.20)

21.1 (18.5–23.7)
9.1 (8.5–9.6)
12.0 (9.4–14.7)
2.02 (1.79–2.28)

15.1 (13.2–17.1)*
9.0 (8.5–9.6)
6.1 (4.0–8.2)
1.54 (1.35–1.77)

0.001
0.07
24.0 (26.0 to 21.9)
20.4 (20.9 to 0.1)
5.6 (4.5–6.7)†
3.3 (2.9–3.6)
2.3 (1.2–3.4)
1.64 (1.32–2.06)
8.3 (6.4–10.3)
3.2 (2.9–3.5)
5.1 (3.1–7.1)
2.35 (1.87–2.96)
7.0 (5.7–8.3)
3.3 (3.0–3.6)
3.7 (2.4–5.0)
2.04 (1.68–2.47)
9.5 (7.8–11.3)
3.7 (3.4–4.0)
5.8 (4.1–7.6)
2.38 (2.97–3.89)

P for trend
Cohort

1997–1998

1999–2000

2001–2002

2003–2004

Rate difference of
cohort 2003–2004
vs. 1997–1998
Table 2dAll-cause and CVD mortality rates (deaths per 1,000 person-years) according to cohort and diabetes status

CVD mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)
All-cause mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)
Cancer mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)‡
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RESULTSdTable 1 describes the characteristics of the U.S. population according
to diabetes status across the four consecutive 2-year NHIS samples. Among the population with diabetes, there are consistent
increases over time in the levels of education, income, and obesity and a decrease in
the proportion of smokers, sedentary behavior, and difﬁculty walking. There were
no signiﬁcant changes in age, race/ethnicity,
history of CVD, or diabetes duration. Demographic trends over time were similar
for the nondiabetic population, except
that there was also a slight increase in age
and the number of Hispanics.
Among the population with diagnosed
diabetes, 3-year CVD death rates declined
by 4.0 deaths per 1,000 person-years from
the 1997–1998 sample (9.5 per 1,000
person-years) to the 2003–2004 sample
(5.6 per 1,000 person-years) (P for trend ,
0.01) (Table 2). In multivariate analyses
adjusting for age, sex, race/ethnicity, and
diabetes duration, diabetic adults in the
most recent sample (2003–2004) had
40% lower CVD (hazard rate ratio [HRR],
0.60 [95% CI 0.46–0.77]) mortality and
23% lower all-cause mortality (0.77 [0.65–
0.90]) than people in the earliest sample
(1997–1998) (P , 0.05 for each). There
were no signiﬁcant changes in the rates of
cancer mortality among persons either with
or without diabetes. In sensitivity analyses
excluding those with less than 2 years of diabetes duration from the most recent sample, there was essentially no difference in the
rate ratios associated with later cohorts.
CVD death rates declined among the
nondiabetic population as well, but the
magnitude of decline was weaker (from 3.7
to 3.3 deaths per 1,000; HRR 0.89 [95% CI
0.78 to 1.03], P for trend = 0.07) than that
observed for diabetic adults and there was
not a signiﬁcant decline in all-cause mortality (P = 0.36). As a result, the excess CVD
death rate associated with diabetes (i.e.,
compared with those without diabetes) declined from 5.8 to 2.3 deaths per 1,000,
and the all-cause death rate difference between people with and without diabetes
declined from 10.8 to 6.1 deaths per 1,000.
All-cause and CVD death rates in the
diabetic population declined among both
men and women (Table 3). However, there
was a slightly greater magnitude of decline
among men (5.2 deaths per 1,000 decline
for men vs. 3.5 per 1,000 for women; P =
0.02 for interaction term) . These trends for

Multivariate HRR
for cohort 2003–2004
vs. 1997–1998

were conducted with SUDAAN version
10.0.1 to account for the complex NHIS
design (13).

0.60 (0.46–0.77)
0.89 (0.78–1.03)

Death rates in adults with and without diabetes
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8.0 (5.8–10.1)
3.2 (2.8–3.5)
4.8 (2.6–7.0)
2.19 (1.70–2.83)

24.0 (19.5–28.4)
11.6 (10.7–12.6)
12.4 (7.7–17.0)
1.95 (1.60–2.37)

11.9 (8.8–15.0)
4.4 (3.8–5.0)
7.5 (4.3–10.6)
2.59 (1.93–3.47)

1997–1998

17.0 (13.8–20.2)
6.9 (6.3–7.5)
10.1 (6.8–13.3)
2.13 (1.77–2.55)

6.7 (4.9–8.5)
2.8 (2.4–3.2)
3.9 (2.1–5.7)
2.17 (1.66–2.82)

19.1 (15.4–22.7)
11.0 (10.0–11.9)
8.1 (4.3–11.9)
1.68 (1.38–2.04)

7.6 (5.7–9.4)
4.0 (3.4–4.6)
3.6 (1.6–5.6)
1.96 (1.46–2.63)

1999–2000

17.4 (14.1–20.8)
7.2 (6.6–7.8)
10.2 (6.8–13.7)
1.97 (1.63–2.39)

7.0 (4.1–9.8)
2.5 (2.2–2.9)
4.4 (1.6–7.3)
2.27 (1.60–3.20)

25.0 (20.9–29.2)
11.7 (10.8–12.6)
13.3 (9.1–17.6)
2.03 (1.72–2.40)

9.8 (7.6–12.1)
4.2 (3.6–4.7)
5.7 (3.2–8.1)
2.41 (1.82–3.20)

2001–2002

12.1 (9.8–14.3)*
7.4 (6.7–8.0)
4.7 (2.3–7.0)
1.58 (1.28–1.95)

4.4 (3.2–5.7)*
2.6 (2.2–3.0)*
1.8 (0.5–3.1)
1.66 (1.19–2.32)

18.4 (14.9–22.0)
11.3 (10.4–12.3)
7.1 (3.4–10.9)
1.52 (1.26–1.83)

6.6 (4.8–8.5)*
4.2 (3.5–4.8)
2.5 (0.5–4.4)
1.67 (1.22–2.28)

2003–2004

25.6 (29.6 to 21.7)
20.6 (21.5 to 0.4)

23.5 (26.0 to 21.1)
20.5 (21.1 to 0.0)

25.5 (211.3 to 0.2)
20.3 (21.6 to 1.0)

25.2 (28.9 to 21.6)
20.3 (21.2 to 0.7)

Rate difference of
cohort 2003–2004
vs. 1997–1998

0.01
0.32

0.01
0.03

0.24
0.95

0.02
0.69

P for
trend

0.76 (0.60–0.96)
0.95 (0.84–1.08)

0.60 (0.42–0.86)
0.84 (0.69–1.01)

0.77 (0.61–0.98)
0.98 (0.88–1.10)

0.59 (0.40–0.86)
0.95 (0.77–1.17)

Multivariate HRR
cohort 2003–2004
vs. 1997–1998

CONCLUSIONSdThis analysis of nationally representative samples of adults
with and without diabetes reveals impressive reductions in CVD and all-cause mortality between 1997 and 2006. The rates of
improvement among those with diabetes
have exceeded those of the nondiabetic
population, resulting in more than a 50%
reduction of the excess death rates that have
been repeatedly attributed to diabetes.
Although excess mortality risk remains
highdabout 2 deaths per 1,000 due to
CVD and about 6 all-cause deathsdthis
excess risk is now considerably lower
than previous reports and consistent with
improvements in several risk factors, complications, and indicators of medical care
and representative of gradual, ongoing improvement in health for people with diagnosed diabetes (3–5,14).
Improvements were observed approximately equally in women and men, which
contrasts with earlier analyses. Previous
studies in the U.S. and Finland have suggested that the declines in mortality were
stronger among men than women (9,10,15).
Although no explanation for that ﬁnding
was conﬁrmed, differences in risk factor
management and pathophysiology between
diabetic men and women were both cited as
possible factors (16). The present analyses
suggest, however, that previous sex-related
differences in trends may have dissipated
over time. The rate of decline in death was
as great among women as men, and this
ﬁnding was maintained after adjusting for
differences in demographic factors, comorbidity, and time since diagnosis of disease.
Our ﬁndings of improved life expectancy support recent regional studies in the
U.S., including North Dakota, Framingham,
and Minnesota, as well as population-based
studies in Ontario, Denmark, Scotland,
DIABETES CARE, VOLUME 35, JUNE 2012
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17.7 (14.5–20.9)
7.9 (7.4–8.5)
9.7 (6.5–13.0)
1.93 (1.64–2.26)

Table 3dAll-cause and CVD mortality rates according to cohort and diabetes status and sex

Cohort

Men
CVD mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)
All-cause mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)
Women
CVD mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)
All-cause mortality
DM (age-adjusted)
No DM (age-adjusted)
Age-adjusted difference (DM vs. no DM)
HRR (DM vs. no DM)

Data are deaths per 1,000 person-years except where indicated as HRR (95% CI). DM, diabetes. *P value for test of heterogeneity across years, by diabetes status: *,0.05.

care.diabetesjournals.org

both men and women again paralleled less
dramatic reductions in the nondiabetic
population, resulting in reductions in the
excess CVD mortality from 7.5 to 2.5 deaths
per 1,000 for diabetic men and from an excess 4.8 to 1.8 deaths per 1,000 women.
Stratiﬁed analyses indicated that reductions in all-cause and CVD mortality
were observed relatively uniformly across
the population (Table 4). HRRs of decline
were similar across groups, but absolute
rates of decline tended to be greater in that
subgroup with high initial rates, such as
older adults and people with long-duration
diabetes. Of note, however, was the high
relative reduction in CVD and all-cause mortality among young adults with diabetes
(age 18–44 years).

Death rates in adults with and without diabetes
Table 4dRates of decline (deaths per 1,000 person-years) and multivariate HRRs for all-cause mortality associated with cohort status
among speciﬁc subgroups of the diabetic population
CVD mortality
Overall rate of
decline (1/1,000)

Overall rate of
decline (1/1,000)

HRR cohort 2003–2004 P value
vs. 1997–1998
for decline

2.1 (0.7–3.4)
3.9 (0.7–7.2)
19.7 (12.4–27.0)
5.5 (3.1–8.0)
5.7 (3.5–7.9)

0.10 (0.01–0.99)
0.65 (0.38–1.13)
0.57 (0.44–0.76)
0.58 (0.41–0.81)
0.60 (0.44–0.82)

0.003 4.9 (1.2–8.6)
0.019 8.9 (4.1–13.7)
,0.001 33.0 (22.4–43.5)
,0.001 10.9 (6.0–15.8)
,0.001 10.8 (7.4–14.3)

0.45 (0.13–1.54)
0.79 (0.59–1.08)
0.77 (0.65–0.90)
0.74 (0.60–0.91)
0.80 (0.65–0.99)

0.009
,0.001
,0.001
,0.001
,0.001

5.1 (3.1–7.2)
7.4 (2.9–12.0)
4.5 (0.2–8.9)
11.4 (5.1–17.7)

0.63 (0.47–0.83)
0.69 (0.38–1.22)
0.37 (0.15–0.91)
0.10 (0.01–0.95)

,0.001 10.5 (6.3–14.7)
0.001 13.4 (5.5–21.3)
0.041 8.2 (2.2–14.2)
,0.001 16.2 (7.1–25.4)

0.80 (0.67–0.95)
0.84 (0.60–1.17)
0.62 (0.41–0.93)
0.46 (0.17–1.27)

,0.001
,0.001
0.007
,0.001

5.5 (2.7–8.4)
5.2 (2.3–8.1)
5.3 (2.6–8.1)

0.67 (0.47–0.94)
0.63 (0.41–0.96)
0.49 (0.30–0.78)

,0.001 11.7 (3.6–19.8)
,0.001 9.9 (4.9–14.9)
,0.001 10.1 (5.4–14.9)

0.82 (0.66–1.01)
0.78 (0.61–1.00)
0.77 (0.57–1.05)

,0.001
,0.001
,0.001

4.7 (1.3–8.1)
6.0 (3.7–8.4)
9.6 (1.5–17.7)

0.84 (0.60–1.17)
0.55 (0.36–0.84)
0.46 (0.16–1.34)

0.007 10.9 (5.0–16.7)
,0.001 11.1 (5.2–17.1)
0.020 6.1 (26.3 to 18.4)

0.86 (0.70–1.05)
0.74 (0.57–0.96)
1.03 (0.57–1.86)

0.001
0.003
0.335

3.7 (0.0–8.0)
5.8 (3.5–8.2)
6.7 (4.0–9.4)

0.85 (0.56–1.27)
0.52 (0.34–0.79)
0.55 (0.37–0.80)

0.086 11.9 (4.6–19.2)
,0.001 9.6 (5.2–14.0)
,0.001 11.7 (7.1–16.3)

0.95 (0.74–1.23)
0.80 (0.62–1.03)
0.70 (0.56–0.87)

0.002
,0.001
,0.001

8.6 (4.0–13.2)
4.7 (2.9–6.4)

0.58 (0.44–0.78)
0.59 (0.40–0.86)

,0.001 5.8 (210.7 to 22.3)
,0.001 11.1 (7.9–14.3)

0.83 (0.68–1.02)
0.72 (0.58–0.88)

0.491
,0.001

4.4 (2.9–5.9)
7.7 (3.7–11.6)
8.8 (3.8–13.9)

0.36 (0.18–0.73)
0.40 (0.19–0.84)
0.67 (0.51–0.87)

,0.001 8.2 (4.7–11.7)
,0.001 15.8 (10.3–21.3)
,0.001 19.4 (7.8–31.1)

0.88 (0.63–1.25)
0.57 (0.39–0.85)
0.76 (0.64–0.91)

,0.001
0.001
,0.001

1.8 (20.7 to 4.3)
7.5 (4.4–10.6)
8.6 (5.4–11.8)

0.91 (0.53–1.57)
0.45 (0.29–0.70)
0.58 (0.43–0.79)

0.189 4.2 (20.3 to 8.6)
,0.001 13.1 (7.2–19.0)
,0.001 16.7 (10.5–23.0)

0.99 (0.71–1.38)
0.72 (0.54–0.96)
0.73 (0.60–0.89)

0.068
,0.001
,0.001

Data are deaths per 1,000 person-years (95% CI). *Estimates for total population are age- and sex-adjusted.

Norway, and Finland (6–8,17,18). These
trends parallel other improvements in levels
of risk factors and rates of complications
among the overall U.S. diabetic population
(3,5,19,20). In addition, steady improvements in quality and organization of care,
self-management behaviors, and medical
treatments, including pharmacological
treatment of hyperlipidemia and hypertension, could each have contributed to reductions in death rates (21). Incidence of lower
extremity amputation, end-stage renal disease, and CVD hospitalization have each declined steadily (22). Reductions in mortality
are likely to be inﬂuenced by multiple factors, however, and thus may lag behind declines in speciﬁc risk factors. The possibility
of such lags in secular trends is a reminder
1256
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that, since improvements in smoking prevalence and blood pressure levels may have
slowed during the past decade (23), a ﬂattening of death rates in the near future is still
conceivable and should be evaluated.
Although the NHIS provides the largest nationally representative cohort data
with diagnosed diabetes, our ﬁndings are
limited by reliance on self-report to deﬁne
diabetes; at least 20% of cases with diabetes
are undiagnosed (13). Because the fraction
of diabetes cases that remain undiagnosed
may be decreasing, later cohorts of diabetes
could be enriched with people who had
their diabetes detected earlier, possibly
contributing to lower mortality. In addition, individuals with diabetes who were
unaware of their condition would have

been misclassiﬁed into the nondiabetic
group. Because this group is likely to have
an increased death rate relative to people
without diabetes, the excess mortality risk
associated with diabetes is likely to be an
underestimate. To examine this, we conducted sensitivity analyses in which we excluded those with less than 2 years of
diabetes duration from the most recent
sample. This had little difference in our
ﬁndings, indicating that the reductions in
death rates across the samples appears
not to be explained by earlier diagnosis.
There was also little difference in the prevalence of clinically signiﬁcant CVD or functional impairment (i.e., difﬁculty walking)
across samples. Nevertheless, to rule out a
bias due to earlier detection in later samples,
care.diabetesjournals.org
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Age groups, years
18–44
45–64
$65
Men
Women
Race/ethnicity groups
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Education
Less than high school
High school graduate
More than high school
Poverty index ratio
,2
2–4.99
5.0 or higher
BMI groups, kg/m2
,25
25–29.9
$30
History of CVD
Yes
No
Any disability
No difﬁculty
Difﬁcult
Very difﬁcult
Diabetes duration*, years
,5
5–11.9
12+

All-cause mortality

HRR cohort 2003–2004
vs.1997–1998
P value
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studies will need to compare death rates
from cohorts that include individuals with
undiagnosed diabetes, for which few studies
exist. However, our analyses have the advantage of having a larger cohort of people
with diabetes (about 2,000 cases per year),
along with a national probability sampling
methodology, making it the most representative contemporary examination of death
rates among the U.S. diabetic population.
Although our analyses indicate encouraging reduction in mortality and, indirectly,
continued success in diabetes care, these
ﬁndings have ironic implications for the
future U.S. diabetes burden. Death rates,
along with earlier detection of undiagnosed
diabetes and incidence of new diabetes cases,
are the principal determinants of future
diabetes prevalence and the disease and
economic burden that follows. Recently
published models indicate thatdeclining
mortality among people with diabetes can
lead to a substantial increase in prevalence
(24,25). Studies from national registries in
Denmark, Sweden, and provincial registries
in Canada portray a similar picture, wherein
the death rate has declined sufﬁciently so that
prevalence is likely to continue to increase
even if incidence trends ﬂatten (18,26).
Thus, the excess mortality associated with
diabetes, though declining, will be spread
among a considerably greater proportion of
the population. Ultimately, this means that
the need for vigilant efforts to prevent vascular and neuropathic complication and early
mortality associated with diabetes along with
efforts to reduce diabetes incidence will continue to be major demands into the future.

