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SUMMARY

The overall population in the United States has experienced a marked decline in both all-cause mortality and cardiovascular-related 
mortality over the last several decades, including a decline in mortality of individuals with diabetes. However, in association with 
the obesity epidemic, the prevalence and incidence of type 2 diabetes continue to increase. Despite improvements in primary and 
secondary prevention of cardiovascular disease (CVD), diabetes is an increasingly important risk factor for CVD, and individuals with 
diabetes as compared to those without diabetes continue to have an increased risk of both all-cause and cardiovascular mortality. 

The evaluation of long-term trends in mortality rates of diabetes is particularly challenging. The changing definition of diabetes over 
the last several decades makes the proportion of diabetes deaths hard to interpret. In addition, death certificate data regarding diabetes 
are often incomplete and likely underestimate the association of diabetes and mortality. 

Diabetes is the seventh leading cause of death in the United States, and individuals with diabetes have a twofold to threefold increased 
risk of mortality compared to individuals without diabetes. Individuals with diabetes have a decreased life expectancy by up to 8 years 
compared to contemporary individuals without diabetes. This decrease is due in part to an increased risk of CVD and an increasing 
attributable risk of cardiovascular mortality associated with diabetes. The most common nonvascular causes of death from diabetes 
include cancer, renal disease, liver disease, and pneumonia. Individuals with diabetes have increased all-cause mortality even after 
adjusting for baseline characteristics, including age, sex, smoking status, and body mass index. Control of cardiovascular risk factors has 
improved over the last several decades in the general population, as well as in individuals with diabetes. However, many individuals with 
diabetes remain suboptimally controlled based on current standards. Cardiovascular risk factor control has contributed to a decrease in 
national mortality rates over time, but both women and men with diabetes remain at higher risk of all-cause and cardiovascular mortality 
than those without diabetes. 

The above trends highlight several important points. First, the prevalence and incidence of diabetes continue to increase. Second, 
despite improvements in cardiovascular risk factor treatment, individuals with diabetes are not optimally controlled. Further, the propor-
tion of CVD due to diabetes has increased over time, emphasizing the impact of increasing diabetes incidence on the burden of CVD. 
Finally, these findings point to the importance of aggressive diabetes and cardiovascular risk factor management to help decrease 
diabetes morbidity and mortality. 

INTRODUCTION

Rising rates of obesity have led to signif-
icant increases in the prevalence and 
incidence of type 2 diabetes (1,2). The 
presence of diabetes nearly doubles the 
risk for cardiovascular disease (CVD) 
(3), and emerging evidence suggests 
that diabetes is associated with other 
potentially fatal conditions, including 
cancer and life-threat ening infections 
(4). While overall mortality has declined 
markedly in the United States, individuals 
with diabetes have a twofold to threefold 
increase in all-cause mortality compared 

to individuals without diabetes, a disparity 
that has remained relatively stable over 
time (5,6). In addition, there are disparities 
among ethnic populations in the United 
States. Both individuals with and without 
diabetes have experienced an overall 
decrease in CVD, but the magnitude of 
the gap between the two groups has 
remained unchanged, and an increased 
CVD burden remains among individuals 
with diabetes (7). In addition, while overall 
CVD morbidity and mortality has declined 
in the United States since the 1950s 

(6,8), the attributable risk of CVD due to 
diabetes has increased (9).

This chapter explores these trends in 
further detail, while discussing the chal-
lenges of accurately determining diabetes 
mortality. The focus of this chapter is on 
type 2 diabetes, but some of the methods 
used for data ascertainment cannot distin-
guish between type 1 and type 2 diabetes. 
Additional information that is specific for 
type 1 diabetes is provided in Chapter 35 
Mortality in Type 1 Diabetes.
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METHODOLOGICAL CHALLENGES IN ASSESSING DIABETES MORTALITY

Several challenges arise in the assessment 
of diabetes mortality. The first is the 
shifting definition of diabetes over the 
last several decades with the prevalence 
of diabetes varying with changes in the 
diagnostic criteria. For example, the 
threshold for diagnosing diabetes has 
been lowered over time in order to expand 
the diagnosis and capture earlier, less 
severe disease (10).

Another challenge is the ascertainment 
of mortality. Many national studies use 
death certificate data to obtain mortality 
rates and are limited by the accuracy 
and completeness of the documents (11).
In addition, the design and methodology 
of cohort and other observational studies 
vary widely. Understanding how changing 
definitions and collection strategies 
impact the research findings on this topic 
is important. These issues are discussed 
in greater detail in the following sections.

DEFINITION OF DIABETES 
The American Diabetes Association (ADA) 
has made recommendations for a change 
in the diagnostic criteria of diabetes 
twice since the original diagnostic criteria 
were established in 1979 (Table 36.1) 
(12,13,14). In 1997, the criteria were 
changed from a fasting plasma glucose 
≥140 mg/dL (≥7.77 mmol/L) to ≥126 
mg/dL (≥6.99 mmol/L) based on 
recommendations from the Expert 
Committee on the Diagnosis and 
Classification of Diabetes Mellitus (13) 
in an attempt to account for glycemic 
thresholds that were associated with 
long-term complications of diabetes. 
The criteria for oral glucose tolerance 
testing (75 g, 2-hour plasma glucose 
>200 mg/dL [>11.10 mmol/L]) remained 
the same. Using National Health and 
Nutrition Examination Survey (NHANES) 
data from 1988–1994 to calculate the 
change in prevalence of diabetes under 
the two criteria, the new definition 
captured approximately 13.4 million 
individuals with diabetes compared to 
11.7 million individuals with diabetes 
when the old definition was applied (15). 
In 2009, a second change was made 
when an international expert committee 

appointed by the ADA recommended 
the addition of glycosylated hemoglobin 
(A1c) ≥6.5% (≥48 mmol/mol) to the 
diagnostic criteria of diabetes as an 
alternative to fasting plasma glucose 
measures or oral glucose tolerance testing 
(14). The new definition of diabetes relies 
on either fasting plasma glucose ≥126 
mg/dL, a 75 g oral glucose tolerance test, 
2-hour plasma glucose >200 mg/dL, or 
A1c ≥6.5% (14).

Advantages of using an A1c measurement 
include the convenience of measurement 
on a nonfasting plasma sample and 
a better index of overall glycemic 
exposure with less biologic variability 
(14). In addition, the use of A1c is more 
consistently correlated with microvascular 
complications, such as retinopathy, than 
fasting plasma glucose in observational 
studies (14,16). The association between 
A1c and macrovascular complications, 
such as CVD, has been found to be 
stronger than fasting plasma glucose in 
some studies (17), but not others (18,19). 
While A1c and fasting glucose are highly 
correlated, the overlap is incomplete. 
The use of A1c detects a lower prevalence 
of undiagnosed diabetes and prediabetes 
compared to fasting plasma glucose and 
oral glucose tolerance testing (20).

These seemingly small changes in 
diagnostic criteria capture new subsets 
of individuals and can have an impact 
on the overall prevalence of diabetes. 
Interpretation of national trends over time 

is challenging, as the diagnostic criteria 
as of 2009 identify more individuals with 
diabetes and prediabetes than earlier 
criteria, while overall national mortality 
rates continue to decrease (21).

Given the lack of correspondence 
between fasting plasma glucose and A1c 
criteria, different subsets are identified 
depending on which criteria are used. The 
changes in the fasting plasma glucose 
diagnostic criteria led to a trend towards 
earlier diagnosis of less severe disease 
(10). However, the introduction of A1c 
to the diabetes diagnostic criteria had 
different results. A study using NHANES 
data showed that A1c detected a 25% 
lower prevalence of diabetes than either 
fasting plasma glucose or 2-hour oral 
glucose tolerance testing (20). When 
focusing solely on undiagnosed diabetes, 
the study found that the total prevalence 
of diabetes that is undiagnosed was 40% 
less using A1c than any other diagnostic 
criteria (20). Another study, using 
data from the Atherosclerosis Risk in 
Communities (ARIC) study, also found 
differences between individuals identified 
by A1c and those defined by fasting 
plasma glucose (17). In a population of 
adults without diabetes, A1c was more 
strongly associated with risk of diabetes, 
CVD, and all-cause mortality than fasting 
plasma glucose (17). While these two 
nonoverlapping criteria identify different 
subsets of patients, the diagnostic criteria 
as of 2009 allow for the use of either A1c 
or fasting plasma glucose, ultimately 

TABLE 36.1. Change in Diabetes Definition by the American Diabetes Association Over Time 

YEAR DIAGNOSTIC CRITERIA RECOMMENDED BY (REF.)

1979  § Classic symptoms
 § FPG ≥140 mg/dL
 § 75 g OGTT, 2-hour plasma glucose >200 mg/dL

The National Diabetes Data 
Group (12)

1997  § FPG ≥126 mg/dL
 § 75 g OGTT, 2-hour plasma glucose >200 mg/dL

Expert Committee on the 
Diagnosis and Classification 
of Diabetes Mellitus (13)

2009  § FPG ≥126 mg/dL
 § 75 g OGTT, 2-hour plasma glucose >200 mg/dL
 § A1c ≥6.5%

International Expert Committee 
Report on the Role of the 
A1C Assay in the Diagnosis 
of Diabetes (14)

A1c, glycosylated hemoglobin; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test. 
Conversions for glucose and A1c values are provided in Diabetes in America Appendix 1 Conversions.

SOURCE: References are listed within the table.
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identifying more individuals with diabetes 
than either one alone. 

In addition to diagnostic criteria changes, 
studies relying on different methods of 
data ascertainment may identify variable 
prevalence rates based on the definition 
used to classify diabetes. Survey methods 
that rely on self-report classically capture 
a more advanced and severe disease, 
and the sensitivity of self-report may 
vary based on age, sex, knowledge of 
a disease, and utilization of health care 
(22). However, a study comparing chronic 
disease prevalence estimates across 
the Behavioral Risk Factor Surveillance 
System (BRFSS), the National Health 
Interview Survey (NHIS), and the NHANES 
found overall similar absolute preva-
lences of diabetes (8.1%–8.7%) among all 
three national surveys despite different 
self-report methods and survey questions 
(23). This study did not attempt to validate 
prevalence estimates from one survey to 
the other given that each type of survey 
has different sampling methods and likely 
identifies different subgroups, but the 
finding suggests an overall reliability in 
capturing secular trends by standardized 
self-report methods (23).

Thus, the changing definition of diabetes 
and the method of ascertainment may 
impact prevalence rates of diabetes 
and need to be considered carefully 
within the context of other influencing 
factors in any longitudinal epidemiologic 
survey of diabetes. Further, changing 
prevalence rates of diabetes impact the 
ability to determine diabetes mortality, 
as prevalence rates change the number 
of individuals considered at risk. Diabetes 
mortality rates are also based on multiple 
factors, including the duration and 
severity of disease, making the study of 
diabetes mortality trends over time partic
ularly challenging. 

MORTALITY ASCERTAINMENT
In the United States, mortality data are 
collected from the U.S. standard death 
certificate. Both demographic and cause-
of-death information are recorded on 
the death certificate (Figure 36.1). The 
accuracy of these data is the responsibility 

of the physician, medical examiner, or 
coroner filling out the death certifi-
cate. The validity may be compromised 
by improper completion of the death 
certificate and individual variability in 
interpreting causal events or ascertaining 
a single event in patients with multiple 
chronic illnesses that individually may 
contribute to death (11).

Several inherent problems in using death 
certificate data to determine diabetes 
mortality have been identified. First, 
while diabetes may be a contributing 
factor to mortality, it may not be the 
causal event in many cases. Second, 
the death certificate does not distinguish 
between type 1 and type 2 diabetes. 
Additionally, diabetes is known to be 
underreported on death certificates; 
among individuals known to have diabetes, 
diabetes was not listed in any section of 
the death certificate in approximately 60% 
of deaths (24). Finally, the role of diabetes 
in mortality is often underrecognized 
by physicians coding death certificates 
(25), in addition to physician variation in 
interpreting causal sequences of events 
and conditions that may have contributed 
to death (11). Data from the Translating 
Research into Action for Diabetes (TRIAD) 
study, a multicenter observational study 
of diabetes care, showed that diabetes 
was recorded on only 41% of death certif-
icates of individuals with known diabetes 
and noted as the underlying cause of 
death for 13% (26). The study did find 
a trend suggesting improved reporting 
of diabetes as the cause of death over 
time (26), which would contribute to an 
increased recording of diabetes-related 
mortality and may mask improvements in 
national rates of diabetes mortality (26). 
Taken together, these findings suggest that 
death certificates continue to underesti-
mate the prevalence of diabetes and that 
changes in reporting patterns need to be 
considered when using this source as an 
estimate of diabetes mortality. 

EPIDEMIOLOGIC 
SURVEILLANCE METHODS
Epidemiologic surveillance methods offer 
improvement beyond death certificate 
identification of cause of death in 

diabetes, including the ability to compare 
the risk of mortality among individuals 
with and without diabetes. Studies using 
these methods capture other mortality-
associated risk factors that are not available 
on death certificates, such as smoking 
rates, glycemic control, hypertension, 
lipid control, and other cardiometabolic 
variables. However, there is variability in 
the types of epidemiologic methods used 
to determine diabetes prevalence. 

The NHANES database is a publicly 
available resource and the only nationally 
representative survey that can examine 
both diagnosed and undiagnosed diabetes 
through the collection of fasting (and 
nonfasting) laboratory data. Other publi-
cally available resources, such as the 
NHIS and the BRFSS, have the advantage 
of being larger and are also nationally 
representative; however, these systems 
rely on self-reporting of diabetes status, 
which may miss less severe clinical cases, 
and provide no information regarding 
undiagnosed diabetes. Data from these 
self-report sources have demonstrated 
a steady increase in the prevalence of 
diabetes over time (27,28), but only data 
from the NHANES have shown that this 
increase is accompanied by an increase 
in undiagnosed diabetes as well (29). 
The increases in both diagnosed and 
undiagnosed diabetes continue to impact 
a widening proportion of the U.S. popu-
lation and need to be considered when 
evaluating national diabetes mortality 
trends (21). 

Additional sources of publically available 
data repositories include the National Vital 
Statistics Reports to evaluate national 
mortality trends. These reports capture 
both demographic and cause-of-death 
data from national death certificates. 
National Vital Statistics Reports are best 
used to determine demographic informa-
tion associated with diabetes mortality 
and to track national trends over time (30). 
These reports are inherently limited by 
death certificate coding, specifically the 
underreporting of diabetes on death certif-
icates, and one of the biggest challenges 



36–4

DIABETES IN AMERICA, 3rd Edition

 










   






 



  





















































































































































































































































































































































































































































































































































































































































































































































































































 












































































































FIGURE 36.1. U.S. Standard Certificate of Death

SOURCE: Centers for Disease Control and Prevention
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in using the National Vital Statistics 
Reports is that it underestimates the true 
mortality burden of diabetes (24). 

Cohort studies represent another source 
of important data to estimate the impact 
of diabetes on mortality trends. Cohort 
studies by definition follow a group of 
study participants over time and typically 
consist of a well-described cohort with 
longitudinal data. For example, a major 
strength of the Framingham Heart Study, 
a longitudinal cohort study conducted 
in Framingham, Massachusetts, is that 
fasting plasma glucose data have been 
collected over the course of the study, 
and as diabetes definitions change, 

these data can be reevaluated to define 
diabetes according to the changing 
diagnostic criteria (6). Further, the 
Framingham Heart Study does not rely 
on death certificate data; rather, mortality 
outcomes are adjudicated by a panel of 
three physicians after review of additional 
information, such as hospital admission 
records, medical records, and family 
members. Therefore, compared to studies 
that rely solely on death certificate data, 
cohort studies are able to determine the 
cause-specific mortality of individuals 
with diabetes based on this additional 
information. Finally, as these studies 
are longitudinal in nature, they are able 
to evaluate both disease incidence and 

prevalence. The main limitation in using 
cohort studies is that they may not be 
representative of the national population 
in terms of sampling. However, relative 
measures of association may still be 
generalizable to the national population. 

In summary, changes in diabetes 
definition and differences among data 
sources impair the ability to make 
inferences about trends in diabetes 
mortality and to accurately determine 
the mortality burden of diabetes. 
However, the use of a variety of data 
sources provides complementary 
information that can be used to help 
estimate the mortality burden of diabetes. 

MORTALITY OF PERSONS WITH TYPE 2 DIABETES 

Data from the National Vital Statistics 
Reports compiled from death certificates 
indicate that diabetes was the seventh 
leading cause of death in the United 
States in 2008, with 70,553 death certif-
icates listing diabetes as the underlying 
cause of death (30). This figure represents 
nearly 3% of all mortality in that year 
and a death rate of 23.2 per 100,000 
individuals in the general population of 
the United States (30). These data must 
be considered in the context of a likely 
underestimation of the true burden of 
diabetes-associated mortality, as diabetes 
may be underrepresented on death certif-
icates (26,31).

Given the complexities of using death 
certificate data, national epidemiologic 
surveys and United States-based cohort 
studies help to capture trends both 
on a national level and within certain 
populations. In order to evaluate the 
excess all-cause mortality rate among 
adults with diabetes compared to adults 
without diabetes, a PubMed literature 
search was conducted on November 
2, 2012, using the key terms type 2 
diabetes and mortality with limits for 
human subjects and English language 
within dates from 1993 to present. The 
search was conducted from 1993 to 
present because the previous edition of 
this chapter was completed in 1993 (32). 
Several United States-based cohorts and 

national survey studies that calculated 
rates of mortality in individuals with 
and without diabetes were identified. 
Overwhelmingly, studies found a 1.4–3.4 
times increased age-adjusted risk for 
all-cause mortality in individuals with 
diabetes compared to those without 
diabetes. Studies that evaluated these 
trends over time typically found a 
decrease in overall risk, but excess 
risk remained elevated even at more 
contemporary time points. These findings 
are detailed in Table 36.2. 

A study evaluating trends over time in the 
NHANES dataset found that the overall 
all-cause mortality rate decreased from 
42.6 to 24.4 annual deaths per 1,000 
persons in individuals with diabetes 
between 1971–1986 and 1988–2000 (5). 
However, these trends paralleled those 
of individuals without diabetes; therefore, 
minimal change was observed in the rela-
tive risks (RR) as displayed in Table 36.2 
(1971–1986 RR 2.00, 95% confidence 
interval [CI] 1.63–2.46; 1976–1992 RR 
1.98, 95% CI 1.68–2.36; 1988–2000 RR 
2.31, 95% CI 1.83–2.90) (5). Sex-specific 
analyses found that this trend did not 
apply to women and that neither all-cause 
mortality nor cardiovascular mortality 
declined during this same time period (5). 
In addition, the mortality rate differences 
between women with diabetes compared 
to those without diabetes more than 

doubled (5), confirming previous findings 
of a sex-specific difference in diabetes 
mortality (33).

Similar findings have been shown in 
international studies, including a large 
database study completed in the United 
Kingdom, which showed a twofold 
increased risk of all-cause mortality and a 
threefold increased risk of CVD mortality 
for individuals with diabetes compared to 
those without (34).

Cohort studies have also helped to 
capture mortality rates in populations 
with diabetes. In the Framingham Heart 
Study, a large observational cohort study 
with nearly 50 years of follow-up data, 
participants with diabetes had a twofold 
increase in risk of all-cause mortality 
compared to those without diabetes (6).
In addition, sex-specific analysis found 
that women had a threefold increased 
risk of diabetes-associated mortality, 
whereas men had a twofold increased 
risk (6). This reflected a large difference 
in absolute risk for women versus men. 
The age- and sex-adjusted all-cause 
mortality rate (per 1,000 person-years) 
for women with diabetes during the time 
period 1976–2001 was 12.3 compared 
to 5.2 for women without diabetes (6).
For men during the same time period, 
the mortality rate for individuals with 
diabetes was 20.1 compared to 10.8 for 
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those without diabetes (6). These findings 
indicate that while the relative risk for 
diabetes-associated mortality is higher 
in women, the number of events for 
women is lower, and the absolute risk of 
diabetes-associated mortality is lower 
than in men (6). The Framingham cohort 
is a relatively homogenous cohort, and 
other observational studies have also 
provided valuable information regarding 
the associations of demographic variables 
(Table 36.2). 

Excess rates of mortality cannot be 
determined using the National Vital 
Statistics Reports, as these death 
certificate surveys cannot be sorted to 
provide a comparison group of individuals 
without diabetes. However, this data 
source can provide valuable information 
on death rates within individual groups. 
New analyses for Diabetes in America, 
3rd edition, using data from the National 
Vital Statistics Reports 2008 (for deaths 
due to diabetes as an underlying cause) 
and the NHIS 2008 (for estimated rates 
of diabetes) show similar rates of death 
among women and men by age per 100 
individuals with diabetes (Figure 36.2). 
For both sexes, these rates increase with 
increasing age. Figures 36.3 and 36.4 
display the overall death rates (based on 
any mention of diabetes on the death 
certificates) per 100,000 individuals of 
the general population by age and sex 
(Figure 36.3) and by sex and race/ethnicity 
(Figure 36.4). As evident for those in the 
≥65 years age group (Figure 36.3), with 
increasing age, diabetes becomes a more 
common cause of death. When stratified 
by race/ethnicity and adjusted for age, 
diabetes accounts for more deaths in 
non-Hispanic black and non-Hispanic 
American Indian women and men 
per 100,000 individuals of the general 
population than in other race/ethnicity 
groups (Figure 36.4). 

In the future, the actual national data from 
population registries, electronic health 
records, and Medicare claims data will be 
an important contribution to the study of 
national trends in diabetes mortality and 
will help to eliminate some of the inherent 
biases of the current data sources. 

FIGURE 36.2. Death Rates Among Persons With Diabetes, by Age and Sex, U.S., 2008

 










































 





Deaths were determined based on diabetes as the underlying cause of death.

SOURCE: National Vital Statistics System 2008 and National Health Interview Survey 2008

FIGURE 36.3. Death Rates From Diabetes, by Age and Sex, U.S., 2008

 





















































  





Deaths were determined based on diabetes as any cause of death.

SOURCE: National Vital Statistics System 2008

FIGURE 36.4. Age-Standardized Death Rates From Diabetes, by Sex and Race/Ethnicity, 
U.S., 2008

 























































Deaths were determined based on diabetes as any cause of death. Data were age-standardized to the total 2008 
U.S. Census population using ages <1, 1–4, 5–14, ... , 75–84, ≥85 years. NH, non-Hispanic.

SOURCE: National Vital Statistics System 2008
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LIFE EXPECTANCY OF PERSONS WITH TYPE 2 DIABETES

Diabetes is associated with premature 
mortality and an increased risk of 
morbidity from complications, including 
CVD, retinopathy, neuropathy, and 
nephropathy. In the United States, life 
expectancy for women and men with 
diabetes at age ≥50 years was 8.2 and 
7.5 years less, respectively, than for 
comparable individuals without diabetes 
(35). In women and men, individuals with 
diabetes had 8.4 and 7.8 years less free 
of CVD, respectively, compared to equiv-
alent individuals without diabetes (35). A 
meta-analysis found similar results inter-
nationally, reporting that a 50-year-old 

individual with diabetes dies, on average, 
6 years earlier than an individual of the 
same age without diabetes, with 40% of 
the difference in survival attributable to 
excess nonvascular deaths (4).

Life expectancy for individuals diagnosed 
with diabetes in adulthood has been 
previously established, but few studies 
have predicted life expectancy in indi-
viduals diagnosed during adolescence 
or young adulthood (36). A study used a 
variant of Markov modeling to describe 
the morbidity and mortality experienced 
by youths diagnosed with type 2 diabetes 

(36). Compared with an average 
20-year-old without diabetes in the United 
States with a remaining life expectancy of 
58.6 years, a newly diagnosed individual 
with diabetes on conventional diabetes 
treatment had an average life expectancy 
approximately 15 years less (a remaining 
life expectancy of 43.1 years) (36). 
In addition, young individuals with type 2 
diabetes had a quality-adjusted life expec-
tancy of 39.3 years, suggesting that they 
may experience severe, chronic complica-
tions of type 2 diabetes by approximately 
40 years of age (36).

CAUSES OF DEATH OF PERSONS WITH TYPE 2 DIABETES

VASCULAR DISEASE
CVD is the leading cause of death in the 
United States and accounts for more 
than 800,000 deaths annually (8). This 
number represents an overall decrease in 
CVD mortality in the general population 
in the United States since the 1970s (37), 
likely due to improvements in CVD risk 
factor management (38), lifestyle, and 
medical advances in the treatment of CVD. 
However, as overall CVD morbidity and 
mortality have declined (8) and the age 
of the U.S. population has increased, the 
proportion of CVD due to diabetes has 
also increased (9).

An analysis of data from the Framingham 
Heart Study evaluated participants with 
diagnosed and undiagnosed diabetes 
from an earlier examination period 
(1952–1974) and compared them to a 
later examination period (1975–1998) 
to determine the population-attributable 
risk of diabetes as a CVD risk factor. The 
attributable risk of developing CVD due 
to diabetes increased from 5.4% (95% CI 
3.8%–6.9%) to 8.7% (95% CI 5.9%–11.4%) 
(p=0.04 for attributable risk) over the 
examined time period (9). This increase 
resulted in an attributable risk ratio of 
1.62 (9). Another study developed multi-
state life tables and found that having 
diabetes significantly increased the risk of 
developing CVD (hazard ratio [HR] 2.5 for 
women and 2.4 for men) (35). In addition, 

individuals with diabetes had an increased 
risk of dying when CVD was present (HR 
2.2 for women and 1.7 for men) (35).

A study used data from the NHANES III 
Linked Mortality File cohort to examine 
cardiovascular health metrics and to 
estimate the association of all-cause and 
CVD mortality among adults in the United 
States (39). Having an A1c value ≥5.7% 
(≥39 mmol/mol) was associated with a 
population-attributable fraction of 10.5 
(95% CI 6.2–14.7) for all-cause mortality 
and 8.8 (95% CI 2.1–15.4) for CVD 
mor tality (39), suggesting that a state of 
abnormal glucose may increase the risk 
of mortality. 

International studies have also shown that 
the risk of CVD mortality is higher in indi-
viduals with diabetes than in those without 
diabetes (5.4% vs. 1.6% rate of fatal coro-
nary heart disease based on meta-analysis 
of prospective cohort studies) (40). In 
addition, several studies have found that 
the relative risk of CVD mortality is higher 
in women with diabetes than in men with 
diabetes (RR 3.50 in women and 2.06 in 
men) (40). 

Data from the National Vital Statistics 
System suggest that the most common 
vascular cause of death among indi-
viduals in the United States with diabetes 
is ischemic heart disease (Figure 36.5), 
accounting for >20% of deaths. 

FIGURE 36.5. Vascular and Nonvascular Causes of Death Among Persons With Diabetes 
Mentioned Anywhere on Death Certificates, U.S., 2008 

 































































SOURCE: National Vital Statistics System 2008
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NONVASCULAR DISEASE
Decreases in all-cause mortality in 
the general population of the United 
States have been accompanied by 
decreases in all-cause mortality in 
individuals with diabetes with varying 
sex-specific rates depending on study 
methodology (5,6). Vascular disease is 
the most common cause of death among 
individuals with diabetes in the United 
States and accounts for the majority of 
diabetes-associated mortality. However, 
nonvascular causes of death have also 
been associated with diabetes and 
contribute significantly to mortality rates 
(Figure 36.5). Analysis of data from the 
National Vital Statistics System shows 
that 10.9% of nonvascular deaths in indi-
viduals with diabetes can be attributed 
to cancer (Figure 36.5). Liver disease 
and renal disease account for 0.8% and 
1.5% of nonvascular deaths, respec tively 
(Figure 36.5). Pneumonia infections 
account for 1.3% in total (Figure 36.5). 
The majority of deaths associated with 
diabetes (23.4%) are difficult to charac-
terize in either vascular or nonvascular 
causes and are classified as other cause. 
These other causes are not accounted for 
in Figure 36.5. 

An international meta-analysis determined 
the extent that diabetes mortality 
is related to specific causes of 
death (4). The analysis identified 
97 prospective studies representing 
820,900 indivi duals with diabetes and 
123,205 deaths in varied geographic 
locations throughout North America 
and Europe (4). The authors constructed 
Cox proportional-hazards regression 
models to calculate hazard ratios for 
death among participants with diabetes 
compared to those without diabetes (4). 
After adjustment for baseline age, sex, 
smoking status, and body mass index 
(BMI), death from any cause was elevated 
in individuals with diabetes, as suggested 
by a hazard ratio of 1.80 (95% CI 
1.71–1.90) (4). In addition, risks of death 
from cancer (HR 1.25, 95% CI 1.19–1.31), 
vascular causes (HR 2.32, 95% CI 2.11–
2.56), nonvascular causes not attributed 
to cancer (HR 1.73, 95% CI 1.62–1.85), 
and unknown or ill-defined cause 

(HR 1.88, 95% CI 1.62–2.18) were also 
elevated in individuals with diabetes (4). 
Diabetes was moderately associated with 
death from cancers of the liver, pancreas, 
ovary, colorectum, bladder, lung, and 
breast (Figure 36.6) (4). Diabetes was also 
associated with nonvascular, noncancer 
mortality, including death from renal 
disease, liver disease, nonhepatic 
digestive diseases, pneumonia and other 

infectious diseases, mental disorders, 
intentional self-harm, external causes, 
nervous system disorders, and chronic 
obstructive pulmonary disease (Figure 36.6). 

While overall mortality in the general 
population of the United States has 
decreased (8), vascular and nonvascular 
diseases remain leading causes of death 
for individuals with diabetes. 

FIGURE 36.6. Hazard Ratios for Death From Cancer and From Noncancer, Nonvascular 
Causes Among Participants With Diabetes as Compared With Those Without Diabetes at 
Baseline

Panel A shows hazard ratios for deaths from cancer, and Panel B shows hazard ratios for deaths from noncancer, nonvascular causes. 
With the exception of the classifications “site unspecified or other” in Panel A and “other noncancer, nonvascular deaths” in Panel 
B, causes of death are presented in descending order according to their estimated hazard ratios. All analyses were stratified on the 
basis of study, sex, and trial group (where applicable) and adjusted for baseline age, smoking status (current smoker vs. any other 
status), and body-mass index. There was evidence of heterogeneity in hazard ratios among cancer sites and among the noncancer, 
nonvascular causes of death (P<0.001 for both comparisons). Participants with known preexisting cardiovascular disease at baseline 
were excluded from all analyses. The sizes of the data markers are proportional to the inverse of the variance of the loge hazard 
ratios. In Panel A, risk estimates for cancer of the colorectum were broadly similar to those for cancer at subsites (i.e., colon cancer 
vs. cancer of the rectosigmoid and anus). In Panel B, death from endocrine disorders does not include death coded as being due to 
diabetes. Other noncancer, nonvascular deaths are those that could not be attributed to a major organ or system. COPD denotes 
chronic obstructive pulmonary disease.

Figure legend from authors: These data are from an international meta-analysis of 97 prospective studies repre-
senting 820,900 individuals with diabetes and 123,205 deaths in varied geographic locations throughout North 
America and Europe.

SOURCE: Reference 4, copyright © 2011 Massachusetts Medical Society, reprinted with permission
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CARDIOVASCULAR RISK FACTORS IN PERSONS WITH DIABETES

The preceding sections outline the 
interplay among diabetes in CVD, the 
increasing CVD burden attributed to 
diabetes, and CVD-related diabetes 
mortality. CVD risk factor control is there-
fore critical to reducing CVD morbidity and 
mortality in those with diabetes. While 
the benefits of tight glycemic control with 
respect to mortality and cardiovascular 
risk in individuals with diabetes remain an 
ongoing controversial issue (41), studies 
have indicated a mortality benefit from 
statin therapy (42) and blood pressure 
control (43).

Regarding cholesterol management, 
a clinical trial examining atorvastatin for 
primary prevention of CVD in individuals 
with type 2 diabetes was terminated early 
because of a significantly improved cardio-
vascular profile in the treatment group 
(42). After a median follow-up of 3.9 years, 
acute coronary heart disease events 
were reduced by 36%, coronary revas-
cularizations by 31%, and rate of stroke 
by 48% (42). In addition, an international 
meta-analysis of clinical trial data from 
18,686 individuals with diabetes analyzed 
treatment effects with each trial weighted 

by the absolute low-density lipoprotein 
(LDL) cholesterol difference in that trial at 
the end of the first year of follow-up (44). 
The analysis showed a vascular mortality 
risk of 0.87 (p=0.008) per 1.0 mmol/L 
(38.6 mg/dL) reduction in LDL cholesterol 
(44).

For blood pressure, the United Kingdom 
Prospective Diabetes Study (UKPDS) 
found that achieving mean blood pressure 
levels of 144/82 mmHg compared with 
154/87 mmHg (p<0.0001) in the less 
tight control group was associated with 
a 32% reduction in deaths related to 
diabetes (95% CI 6%–51%, p=0.019) (43) 
and that blood pressure control needed 
to be maintained for long-term benefits 
(45). However, blood pressure targets 
for individuals with diabetes remain 
controversial, and studies, including the 
Action to Control Cardiovascular Risk in 
Diabetes (ACCORD) trial, have shown that 
stringent control of blood pressure does 
not improve mortality outcomes (46).

Despite the benefits of cholesterol and 
adequate blood pressure control in 
diabetes (42,43), individuals with diabetes 

remain suboptimally controlled compared 
to those without diabetes (47). In a review 
of national data on CVD risk factors in 
individuals with diabetes collected as 
part of the NHANES 1988–2010, 56.2% 
of individuals with diabetes achieved LDL 
cholesterol below target (≤100 mg/dL 
[2.59 mmol/L]), 51.1% had blood pres-
sure below target (≤130/80 mmHg), 
and 52.5% had A1c at target (<7.0% 
[<53 mmol/mol]) (48). Similar results were 
found among individuals with diabetes in 
the Framingham Heart Study, as 23.1% 
had their LDL cholesterol optimally 
controlled, only 14% had their hyperten-
sion optimally controlled, 17.1% were 
still smoking cigarettes, and 61.8% were 
obese (49).

These findings emphasize the impor-
tance of cholesterol and blood pressure 
control among individuals with diabetes, 
particularly as individuals with diabetes 
have not had the necessary risk factor 
reductions compared to their nondiabetic 
counterparts in order to overcome the 
increased risk of CVD that is associated 
with diabetes. 

NATIONAL TRENDS OVER TIME 

The prevalence of diabetes is increasing, 
and this increase has been well 
established by multiple national data 
sources, including the NHANES and 
BRFSS (27,28). However, as these 
sources of data do not follow the same 
populations longitudinally, these studies 
cannot be used to estimate risk of disease 
development. Prevalence estimates will 
increase if the actual disease becomes 
more frequent or if affected individuals 
have improved survival. Therefore, 
incidence rates are critical in order to 
elucidate whether increases in prevalence 
are truly due to an increase in new cases, 
and these rates can only be calculated 
from cohort studies. 

According to data from the Framingham 
Heart Study, the incidence rate of 
diabetes doubled between the 1970s and 

the 1990s, increasing from 2.0% to 3.7% 
in women and from 2.7% to 5.8% in men 
(50). While not a nationally representative 
sample, these results are an estimate of 
national trends in diabetes incidence rates. 

Concomitantly, CVD mortality rates 
decreased in the U.S. population as a 
whole (37), and declines in mortality 
rates among individuals with and without 
diabetes have been observed (37,51,52).
These changes have contributed to a 
decrease in death rates in both women 
and men with diabetes over time 
(Tables 36.3 and 36.4). For women, 
death rates across all age groups have 
decreased by almost one-half between 
1985 and 2008 (Table 36.3), and for men, 
the trend is similar, although the relative 
change in rates is smaller (Table 36.4). 
The data outlined in Tables 36.3 and 36.4 

were calculated for Diabetes in America 
from the number of U.S. death certificates 
that list diabetes as the underlying cause 
each year and the number of people with 
diabetes in the United States as estimated 
from the NHIS. As discussed in detail, 
these sources have inherent limitations, 
and the calculated death rate is likely an 
underestimation of the true burden of 
diabetes mortality. 

Despite these changes, individuals with 
diabetes still have a twofold to fourfold 
increased relative risk of CVD, in addition 
to a threefold increased relative risk of 
mortality (5,7). In an analysis of national 
trends from the NHANES dataset, among 
men with diabetes, the absolute all-cause 
mortality decreased by 18.2 annual 
deaths per 1,000 persons, and the 
absolute CVD mortality decreased by 
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26.4 annual deaths per 1,000 persons 
between 1971 and 2000 (5). However, 
in women with diabetes, neither all-cause 
mortality nor CVD mortality decreased in 
the same time period, and the all-cause 
mortality rate difference between 
women with and without diabetes nearly 
doubled (5). Data from the NHIS linked 
to the National Death Index showed that 
within a sample of adults with diabetes, 

the CVD death rate decreased by 40%, 
and all-cause mortality decreased by 23% 
between 1997 and 2006 (21). 

In order to further evaluate sex differences 
in this trend, a study conducted by the 
Framingham Heart Study evaluated the 
change in all-cause, CVD, and non-CVD 
mortality in individuals from two different 
examination periods (1950–1975 and 

1976–2001) (6). All-cause mortality was 
reduced among both women and men 
with diabetes over time (6), believed to 
be due in part to the improved treatment 
of hypertension and hyper lipidemia. 
However, mortality rates among individ-
uals with diabetes remained twice as high 
as among individuals without diabetes (6).

TABLE 36.3. Death Rates in Women Based on Diabetes as the 
Underlying Cause of Death, U.S., 1985–2008

DEATH RATE PER 100 WOMEN WITH DIABETES 
(STANDARD ERROR)

Age (Years)

YEAR <45 45–64 65–74 ≥75

1985 0.14 (0.03) 0.33 (0.01) 0.54 (0.06) 1.80 (0.26)

1986 0.13 (0.03) 0.29 (0.04) 0.68 (0.13) 1.52 (0.36)

1987 0.12 (0.02) 0.32 (0.03) 0.67 (0.09) 1.85 (0.30)

1988 0.19 (0.03) 0.35 (0.04) 0.63 (0.08) 2.04 (0.27)

1989 0.12 (0.02) 0.38 (0.04) 0.71 (0.08) 2.13 (0.30)

1990 0.15 (0.02) 0.38 (0.04) 0.71 (0.08) 2.58 (0.41)

1991 0.12 (0.02) 0.35 (0.03) 0.68 (0.07) 2.11 (0.30)

1992 0.13 (0.02) 0.33 (0.04) 0.68 (0.07) 1.75 (0.25)

1993 0.14 (0.02) 0.34 (0.04) 0.75 (0.09) 1.90 (0.31)

1994 0.13 (0.02) 0.33 (0.03) 0.82 (0.09) 2.33 (0.30)

1995 0.13 (0.02) 0.33 (0.03) 0.63 (0.07) 1.80 (0.26)

1996 0.14 (0.02) 0.36 (0.05) 1.02 (0.18) 2.61 (0.52)

1997 0.12 (0.01) 0.28 (0.02) 0.53 (0.04) 2.10 (0.17)

1998 0.13 (0.01) 0.27 (0.02) 0.60 (0.04) 1.81 (0.15)

1999 0.11 (0.01) 0.26 (0.01) 0.73 (0.05) 2.02 (0.16)

2000 0.09 (0.01) 0.28 (0.02) 0.58 (0.04) 1.93 (0.16)

2001 0.09 (0.01) 0.23 (0.01) 0.55 (0.03) 2.00 (0.15)

2002 0.09 (0.01) 0.24 (0.01) 0.59 (0.04) 1.92 (0.15)

2003 0.10 (0.01) 0.23 (0.01) 0.55 (0.04) 1.59 (0.12)

2004 0.09 (0.01) 0.21 (0.01) 0.48 (0.03) 1.47 (0.11)

2005 0.08 (0.01) 0.19 (0.01) 0.44 (0.03) 1.57 (0.11)

2006 0.07 (0.01) 0.18 (0.01) 0.39 (0.03) 1.25 (0.11)

2007 0.08 (0.01) 0.18 (0.01) 0.34 (0.02) 1.26 (0.10)

2008 0.08 ( 0.01) 0.15 (0.01) 0.33 (0.03) 1.19 (0.09)

Data are calculated from the number of U.S. death certificates that listed diabetes as 
the underlying cause in each year and the number of women with diabetes in the United 
States as estimated from the U.S. National Health Interview Survey in each year.

SOURCE: National Vital Statistics Systems 1985–2008 and National Health Interview 
Surveys 1985–2008

TABLE 36.4. Death Rates in Men Based on Diabetes as the 
Underlying Cause of Death, U.S., 1985–2008

DEATH RATE PER 100 MEN WITH DIABETES 
(STANDARD ERROR)

Age (Years)

YEAR <45 45–64 65–74 ≥75

1985 0.23 (0.04) 0.35 (0.04) 0.59 (0.10) 1.61 (0.31)

1986 0.31 (0.11) 0.27 (0.04) 0.63 (0.13) 1.42 (0.30)

1987 0.18 (0.03) 0.32 (0.03) 0.60 (0.09) 1.37 (0.24)

1988 0.22 (0.03) 0.35 (0.04) 0.71 (0.11) 1.66 (0.28)

1989 0.30 (0.05) 0.34 (0.04) 1.01 (0.15) 2.41 (0.47)

1990 0.29 (0.05) 0.46 (0.06) 0.73 (0.09) 2.11 (0.37)

1991 0.21 (0.04) 0.39 (0.04) 0.80 (0.10) 1.93 (0.35)

1992 0.28 (0.05) 0.44 (0.05) 0.64 (0.08) 1.90 (0.35)

1993 0.19 (0.03) 0.37 (0.04) 0.84 (0.12) 1.91 (0.34)

1994 0.24 (0.04) 0.39 (0.04) 0.88 (0.11) 1.77 (0.27)

1995 0.28 (0.05) 0.42 (0.05) 0.70 (0.10) 1.95 (0.32)

1996 0.29 (0.07) 0.47 (0.07) 0.82 (0.14) 1.73 (0.36)

1997 0.19 (0.02) 0.33 (0.02) 0.78 (0.07) 1.69 (0.18)

1998 0.17 (0.02) 0.32 (0.02) 0.72 (0.06) 2.00 (0.21)

1999 0.19 (0.02) 0.33 (0.02) 0.65 (0.05) 1.82 (0.17)

2000 0.16 (0.02) 0.28 (0.02) 0.61 (0.05) 1.69 (0.15)

2001 0.15 (0.01) 0.28 (0.02) 0.58 (0.04) 1.56 (0.13)

2002 0.20 (0.02) 0.27 (0.02) 0.52 (0.04) 1.42 (0.13)

2003 0.18 (0.02) 0.29 (0.02) 0.50 (0.04) 1.47 (0.14)

2004 0.16 (0.01) 0.26 (0.01) 0.47 (0.03) 1.44 (0.12)

2005 0.13 (0.01) 0.26 (0.01) 0.51 (0.03) 1.50 (0.13)

2006 0.12 (0.01) 0.26 (0.02) 0.51 (0.04) 1.23 (0.12)

2007 0.14 (0.02) 0.24 (0.01) 0.46 (0.03) 1.24 (0.11)

2008 0.12 (0.01) 0.22 (0.01) 0.45 (0.03) 1.25 (0.13)

Data are calculated from the number of U.S. death certificates that listed diabetes as 
the underlying cause in each year and the number of men with diabetes in the United 
States as estimated from the U.S. National Health Interview Survey in each year.

SOURCE: National Vital Statistics Systems 1985–2008 and National Health Interview 
Surveys 1985–2008
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CONCLUSION

Despite advances in cardiovascular risk prevention and declining rates of overall mortality in the United States, individuals with diabetes 
are at increased risk for both CVD and non-CVD mortality. Diabetes remains a leading cause of death in the United States, and individuals 
with diabetes have a decreased life expectancy compared to contemporary individuals without diabetes. Many individuals with diabetes 
have suboptimal control of cardiovascular risk factors, and targeted cardiovascular risk factor management is essential.
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