Epidemiology/Health Services Research
O R I G I N A L

A R T I C L E

Trends in the Risk for Coronary Heart
Disease Among Adults With Diagnosed
Diabetes in the U.S.
Findings from the National Health and Nutrition Examination Survey,
1999–2008
EARL S. FORD,

From the Division of Adult and Community Health, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia.
Corresponding author: Earl S. Ford, eford@cdc.gov.
Received 2 December 2010 and accepted 5 March 2011.
DOI: 10.2337/dc10-2251
The ﬁndings and conclusions in this article are those of the author and do not necessarily represent the ofﬁcial
position of the Centers for Disease Control and Prevention.
© 2011 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.

using a multistage, stratiﬁed sampling design. The surveys were designed to produce results representative of the civilian,
noninstitutionalized U.S. population. Participants were interviewed at home and
were invited to attend a mobile examination center, where they were asked to complete additional questionnaires, to undergo
various examinations, and to provide a
blood sample. The study received approval
from the National Center for Health Statistics Research Ethics Review Board, and participants were asked to sign an informed
consent form. Details about the survey
can be found elsewhere (5).
Participants who responded afﬁrmatively to the question, “Have you ever
been told by a doctor or health professional that you have diabetes or sugar diabetes?” were considered to have been
diagnosed with diabetes. The UK Prospective Diabetes Study (UKPDS) Risk
Engine incorporates the following variables: age at diagnosis of diabetes; sex;
race or ethnicity; smoking status; concentration of HbA1c; systolic blood pressure;
and the ratio of the concentrations of TCto-HDL cholesterol (HDLC) (6). The
10-year probability of developing CHD
also was calculated using risk equations
generated from the Framingham Heart
Study (FHS) (7) and the Atherosclerosis
Risk in Communities (ARIC) study (8).
The FHS risk equations use age, age2, categories of concentrations of TC, categories
of concentrations of HDLC, categories of
blood pressure, diabetes status, and smoking status. The ARIC study risk equations
incorporate age, age2, race, categories of
concentrations of TC, categories of concentrations of HDLC, systolic blood pressure, use of antihypertensive medications,
and current smoking status.
Participants with diagnosed diabetes
were asked about their age when they
were ﬁrst told by a doctor or other health
professional that they had diabetes. Participants who had smoked at least 100 cigarettes during their lifetime and currently
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OBJECTIVE—Coronary heart disease (CHD) is a major cause of mortality among people with
diabetes. The objective of this study was to examine the trend in an estimated 10-year risk for
developing CHD among adults with diagnosed diabetes in the U.S.
RESEARCH DESIGN AND METHODS—Data from 1,977 adults, aged 30–79 years,
with diagnosed diabetes who participated in the National Health and Nutrition Examination
Survey from 1999–2000 to 2007–2008 were used. Estimated risk was calculated using risk
prediction algorithms from the UK Prospective Diabetes Study (UKPDS), the Atherosclerosis
Risk in Communities study, and the Framingham Heart Study.
RESULTS—Signiﬁcant improvements in mean HbA1c concentrations, systolic blood pressure,
and the ratio of total cholesterol to HDL cholesterol occurred. No signiﬁcant linear trend for
current smoking status was observed. The estimated UKPDS 10-year risk for CHD was 21.1% in
1999–2000 and 16.4% in 2007–2008 (Plinear trend , 0.001). The risk decreased signiﬁcantly
among men, women, whites, African Americans, and Mexican Americans.
CONCLUSIONS—The estimated 10-year risk for CHD among adults with diabetes has improved signiﬁcantly from 1999–2000 to 2007–2008. Sustained efforts in improving risk factors
should further beneﬁt the cardiovascular health of people with diabetes.
Diabetes Care 34:1337–1343, 2011
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any people with diabetes will
die from cardiovascular disease.
Therefore, controlling the risk
factors for cardiovascular disease is of
the utmost importance in reducing the
risk for developing cardiovascular disease
in the diabetic population. In the U.S.,
important strides have been made in reducing the impact of several key risk
factors for cardiovascular disease. Thus,
the prevalence of smoking has fallen substantially, and concentrations of total
cholesterol (TC) have decreased, but
blood pressure levels have moved less
consistently (1–3). Some data suggest that
these trends in the general population

also have played out in the diabetic population (4). If so, the risk for developing
coronary heart disease (CHD) should
have decreased among people with diabetes. Therefore, the objective of this study
was to examine the trends in the 10-year
risk for CHD among adults with diagnosed diabetes in the U.S. from 1999 to
2008.
RESEARCH DESIGN AND
METHODS—This study included data
from the National Health and Nutrition
Examination Survey (NHANES) 1999–
2008 (5). During each consecutive 2-year
cycle, a national sample was recruited
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Total
Dichotomous variables
Women (%)
African American (%)
Current smoker (%)
Continuous variables
Age (years)
Age of diabetes diagnosis (years)
HbA1c (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
TC (mmol/L)
HDLC (mmol/L)
Ratio of TC/HDLC
UKPDS 10-year risk
ARIC study 10-year risk‡
FHS 10-year risk§
Men
Dichotomous variables
African American (%)
Current smoker (%)
Continuous variables
Age (years)
Age of diabetes diagnosis (years)
HbA1c (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
TC (mmol/L)
HDLC (mmol/L)
Ratio of TC/HDLC
UKPDS 10-year risk
ARIC study 10-year risk‡
FHS 10-year risk§
Women
Dichotomous variables
African American (%)
Current smoker (%)
Continuous variables
Age (years)
46.7 (3.9)
16.3 (4.3)
17.3 (2.7)
57.5 (0.8)
46.0 (0.9)
7.9 (0.2)
133.7 (1.5)
71.4 (1.5)
5.4 (0.1)
1.1 (,0.1)
5.0 (0.1)
21.1 (1.4)
18.7 (0.8)
18.6 (0.7)

12.7 (4.0)
20.1 (5.0)
56.8 (1.1)
45.5 (1.7)
7.7 (0.2)
130.5 (2.1)
72.9 (1.3)
5.3 (0.1)
1.1 (,0.1)
5.2 (0.2)
25.8 (1.7)
23.1 (1.1)
20.9 (0.8)

20.3 (5.6)
14.0 (3.7)
58.3 (1.0)

335
335
335
335
335
335
335
335
335
165
296

170
170
170
170
170
170
170
170
170
170
170
84
155

165
165
165

Percentage or
mean (SE)†

335
335
335

n*

1999–2000
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158

158
158

180
180
180
180
180
180
180
180
180
102
165

180
180

338
338
338
338
338
338
338
338
338
178
311

338
338
338

n*

56.7 (1.7)

18.7 (4.2)
20.0 (2.9)

55.8 (0.9)
47.2 (1.2)
7.6 (0.2)
127.0 (1.3)
72.4 (1.5)
5.4 (0.3)
1.1 (,0.1)
5.1 (0.2)
21.7 (1.1)
21.9 (0.9)
17.8 (0.7)

11.2 (3.0)
27.8 (4.9)

56.3 (1.0)
45.9 (1.0)
7.6 (0.2)
129.7 (1.4)
70.7 (1.2)
5.4 (0.2)
1.2 (,0.1)
4.7 (0.1)
17.6 (0.7)
19.6 (1.2)
15.6 (0.8)

46.6 (2.2)
14.7 (3.2)
24.2 (2.5)

Percentage or
mean (SE)†

2001–2002

173

173
173

190
190
190
190
190
190
190
190
190
81
171

190
190

363
363
363
363
363
363
363
363
363
163
319

363
363
363

n*

59.4 (1.2)

15.9 (4.8)
17.2 (3.5)

58.7 (1.1)
46.6 (1.6)
7.4 (0.2)
126.4 (1.6)
70.2 (1.2)
5.2 (0.1)
1.1 (,0.1)
4.8 (0.1)
24.0 (1.5)
22.7 (1.5)
19.5 (0.9)

11.3 (1.8)
26.6 (4.8)

59.0 (1.0)
46.7 (1.4)
7.3 (0.1)
130.3 (1.4)
68.3 (1.3)
5.3 (0.1)
1.3 (,0.1)
4.5 (0.1)
19.0 (1.1)
18.9 (0.9)
16.5 (0.7)

48.6 (2.3)
13.6 (3.1)
22.0 (2.4)

Percentage or
mean (SE)†

2003–2004

184

184
184

190
190
190
190
190
190
190
190
190
95
170

190
190

374
374
374
374
374
374
374
374
374
195
340

374
374
374

n*

57.9 (1.5)

17.1 (3.3)
14.5 (3.4)

56.7 (1.3)
47.7 (1.1)
7.1 (0.1)
128.9 (1.6)
71.6 (1.3)
4.7 (0.1)
1.2 (,0.1)
4.2 (0.2)
17.4 (1.5)
18.5 (1.0)
15.0 (0.9)

16.1 (3.1)
15.1 (2.6)

57.3 (1.0)
47.5 (0.8)
7.1 (0.1)
130.3 (1.3)
70.3 (1.0)
4.9 (0.1)
1.3 (,0.1)
4.0 (0.1)
13.8 (0.9)
14.9 (0.5)
13.0 (0.6)

52.4 (3.7)
16.6 (3.0)
14.8 (2.3)

Percentage or
mean (SE)†

2005–2006

276

276
276

291
291
291
291
291
291
291
291
291
146
257

291
291

567
567
567
567
567
567
567
567
567
300
509

567
567
567

n*

58.1 (1.0)

21.0 (5.1)
17.9 (3.1)

58.6 (0.9)
48.0 (1.2)
7.3 (0.1)
128.7 (1.4)
70.8 (1.5)
4.6 (0.1)
1.1 (,0.1)
4.4 (0.2)
21.1 (1.0)
19.8 (0.7)
16.6 (0.9)

14.9 (3.7)
15.7 (2.0)

58.4 (0.6)
47.5 (0.9)
7.2 (0.1)
128.9 (0.9)
69.6 (0.9)
4.7 (0.1)
1.2 (,0.1)
4.3 (0.1)
16.4 (0.8)
15.9 (0.7)
14.6 (0.7)

49.2 (3.9)
17.9 (4.0)
16.8 (1.8)

Percentage or
mean (SE)†

2007–2008

Table 1—Characteristics of variables used to calculate the estimated 10-year risk for CHD and estimated 10-year risk for CHD among adults with diagnosed diabetes,
aged ‡30–79 years, in the U.S. by study period, NHANES 1999–2008

0.842

0.920
0.863

0.153
0.211
0.008
0.877
0.303
,0.001
0.139
,0.001
0.005
0.002
,0.001

0.402
0.033

0.250
0.101
0.001
0.026
0.346
,0.001
0.093
,0.001
,0.001
,0.001
,0.001

0.388
0.608
0.091

P
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0.309
0.009
0.006
0.733
,0.001
0.454
0.007
0.028
0.026
0.007
47.0 (1.0)
7.2 (0.1)
129.1 (1.1)
68.3 (0.8)
4.9 (0.1)
1.2 (,0.1)
4.3 (0.1)
11.6 (1.3)
11.9 (0.9)
12.6 (0.7)
276
276
276
276
276
276
276
276
154
252
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*Unweighted sample size. †Estimates calculated using sampling weights. ‡Estimates are for ages 45–65 years. §Estimates are for ages 30–74 years.

47.3 (1.4)
7.1 (0.2)
131.5 (2.2)
69.1 (1.3)
5.1 (0.1)
1.5 (,0.1)
3.7 (0.1)
10.5 (1.0)
11.3 (1.0)
11.1 (0.9)
184
184
184
184
184
184
184
184
100
170
46.7 (2.0)
7.1 (0.1)
134.5 (2.1)
66.4 (1.8)
5.4 (0.1)
1.4 (,0.1)
4.2 (0.1)
13.7 (1.3)
15.1 (1.3)
13.3 (0.9)
173
173
173
173
173
173
173
173
82
148
44.3 (1.9)
7.5 (0.2)
132.9 (2.7)
68.8 (1.8)
5.4 (0.1)
1.3 (,0.1)
4.2 (0.1)
12.9 (1.2)
16.3 (2.1)
12.9 (1.1)
158
158
158
158
158
158
158
158
76
146

Percentage or
mean (SE)†
Percentage or
mean (SE)†
Percentage or
mean (SE)†
Percentage or
mean (SE)†
Percentage or
mean (SE)†

46.5 (1.1)
8.0 (0.3)
137.4 (2.6)
69.7 (2.2)
5.6 (0.1)
1.2 (,0.1)
4.8 (0.1)
15.7 (1.7)
13.9 (1.6)
15.9 (0.9)
165
165
165
165
165
165
165
165
81
141
Age of diabetes diagnosis (years)
HbA1c (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
TC (mmol/L)
HDLC (mmol/L)
Ratio of TC/HDLC
UKPDS 10-year risk
ARIC study 10-year risk‡
FHS 10-year risk§

Table 1—Continued

n*

1999–2000

n*

2001–2002

n*

2003–2004

n*

2005–2006

n*

2007–2008

P

Ford
were smoking were designated as current
smokers. Concentrations of HbA1c were
measured using Primus Automated HPLC
Systems (models CLC330 and CLC385;
Primus, Kansas City, MO) during 1999–
2004 at the University of Missouri
(Columbia, MO) and using an A1C 2.2
Plus Glycohemoglobin Analyzer or an
A1C G7 HPLC Glycohemoglobin Analyzer during 2005–2008 (Tosoh Medics,
South San Francisco, CA) at the Fairview
University Medical Center. The average of
the last two measurements of blood pressure for participants who had three or four
measurements, the last measurement for
participants with only two measurements,
and the only measurement for participants who had one measurement were
used. Current use of antihypertensive
medications was based on self-report.
From 1999 to 2006, serum TC and HDLC
were measured enzymatically using a
Hitachi 704, 717, or 912 Analyzer (Roche
Diagnostics, Indianapolis, IN) at Johns
Hopkins University. During 2007–2008,
serum cholesterol and HDLC were measured enzymatically on a Roche Modular P
Chemistry Analyzer (Roche Diagnostics)
at the University of Minnesota. Because
changes in the methodology to measure
HDLC were enacted during the study period, studies were conducted to measure
the effect of those changes in methods on
concentrations, and corrections were
made as necessary. Corrected concentrations were used in this study.
Risk estimates were calculated for
participants aged 30–79 years with diagnosed diabetes for the UKPDS risk engine,
for participants aged 45–65 years for the
ARIC study risk engine, and for participants aged 30–74 years for the FHS risk
engine. Tests for linear trend were conducted by using regression analyses, in
which survey cycle was used as a continuous variable. For race or ethnic-speciﬁc
estimates, only results for the three major
groups (whites, African Americans, and
Mexican Americans) are shown. Hypothetical estimates of 10-year UKPDS risk
for diabetic adults were calculated under
the following scenarios: 1) eliminate all
current smoking; 2) reduce the concentration of HbA1c to 6.9% for those who
had a concentration of $7%; 3) reduce
systolic blood pressure to 129 mmHg
for those with a systolic blood pressure
$130 mmHg; 4) reduce TC to 199 mg/dL
for those with a concentration of TC
$200 mg/dL and increase concentrations
of HDLC to 40 mg/dL for diabetic men
with a concentration ,40 mg/dL and to
DIABETES CARE, VOLUME 34, JUNE 2011
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50 mg/dL for diabetic women with a concentration ,50 mg/dL; and 5) all of the
above. SUDAAN (software for the statistical analysis of correlated data; Research
Triangle Institute, Research Triangle
Park, NC) was used for the analyses to
account for the complex sampling design,
and sampling weights were used to generate estimates.
RESULTS—A total of 2,296 participants, aged 30–79 years, diagnosed with
diabetes had a medical examination. After
excluding participants with missing data
for the variables needed to calculate the
estimated risk, 1,977 participants were
included in the analyses (1,021 men and
956 women; 715 whites, 531 African
Americans, 527 Mexican Americans, and
204 of another race or ethnicity). No signiﬁcant linear trend in age was noted (P =
0.250).
In the entire sample, there were no
signiﬁcant linear trends with respect to
the percentage of women, the percentage
of African Americans, and the percentage
of current smokers (Table 1). However,
declining trends were observed for concentrations of HbA1c, mean systolic blood
pressure, TC, and the ratio of TC/HDLC.
With the exception of the percentage of
current smokers and mean systolic blood
pressure in men, the direction or signiﬁcance of the trends of the UKPDS risk engine variables among men and women
were similar.
The estimated UKPDS 10-year risk
for developing CHD decreased signiﬁcantly in the total sample (regression
coefﬁcient = 20.63% per year, SE =
0.17, Plinear trend , 0.001) as well as in
men (regression coefﬁcient = 20.65%
per year, SE = 0.22, Plinear trend = 0.005)
and women (regression coefﬁcient =
20.51% per year, SE = 0.23, Plinear trend =
0.028) (Table 1). The test for an interaction
between sex and study cycle was not signiﬁcant (P = 0.652). Signiﬁcant decreases
in the risk for CHD were noted among
whites (regression coefﬁcient = 20.60%
per year, SE = 0.19, Plinear trend 0.002), African
Americans (regression coefﬁcient =
20.50% per year, SE = 0.10, Plinear trend
,0.001), and Mexican Americans (regression coefﬁcient = 20.50% per year, SE =
0.23, Plinear trend = 0.031) (Fig. 1). The
regression coefﬁcients of the three groups
did not differ statistically (P = 0.915).
Although the 10-year risk for CHD,
calculated using the ARIC study and FHS
risk equations, also decreased signiﬁcantly among all participants, there was
1340
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Figure 1—Estimated 10-year risk (95% CI) for developing CHD among adults with diagnosed
diabetes in the U.S. by race or ethnicity (NHANES). A: UKPDS risk estimates among participants
aged 30–79 years. B: ARIC study risk estimates among participants aged 45–65 years. C: FHS
risk estimates among participants aged 30–74 years.

some inconsistency among the risk equations regarding the signiﬁcance of trends
stratiﬁed by race or ethnicity (Fig. 1). The
UKPDS risk estimates showed signiﬁcant
decreases among all three major racial or

ethnic groups (Plinear trend: whites = 0.002;
African Americans ,0.001; and Mexican
Americans = 0.031), the ARIC study risk
estimates indicated signiﬁcant reductions
among whites and Mexican Americans
care.diabetesjournals.org

Ford
but not among African Americans (Plinear
trend: whites = 0.006; African Americans =
0.274; and Mexican Americans = 0.014),
and the FHS risk estimates showed significant decreases among whites and African
Americans (Plinear trend: whites = 0.001;
African Americans = 0.033; and Mexican
Americans = 0.065).
Calculations of hypothetical reductions in 10-year UKPDS risk suggested
that improving the ratio of TC/HDLC
could result in the largest reduction in
risk for CHD (Table 2). The application of
simultaneous modiﬁcations of all four
risk factors to the 2007–2008 data suggested that the estimated risk for CHD
(11.4%) could have been ~30% lower
than the actual estimates (16.4%).

equally to this decline (10). Whether the
incidence of CHD also demonstrated favorable secular trends has been less clear.
Although trends in the incidence of CHD
among people with diabetes remain unknown, people with diabetes have experienced decreases in the mortality rate
from cardiovascular disease (11–13).
One study (12) showed that the mortality
rate from cardiovascular disease decreased substantially among men but
decreased little among women with diabetes. In the FHS, however, men and
women experienced similar reductions
in mortality from cardiovascular disease
(13). The results of the current study
showed that risk declined signiﬁcantly
to a similar extent among both men and
women. Because the UKPDS risk engine
used fatal and nonfatal myocardial infarction or sudden death as its end point, it is
possible that changes in mortality between men and women could differ
even if changes in incidence were similar
because of differences in the case-fatality
rate. Therefore, surveillance for the incidence of cardiovascular disease and the
case-fatality rate among people with diabetes is of critical importance to understanding the dynamics of this diabetes
complication.
The difference in estimated UKPDS
risk between men and women is partially
a function of the UKPDS risk equation because the sex coefﬁcient assigns a lower

*Unweighted sample size. †Estimates calculated using sampling weights.

risk to women. The difference in the
estimated risk for CHD among the three
major racial or ethnic groups can be
attributed to differences in the coefﬁcient
for race or ethnicity in the UKPDS risk
engine as well as to the more favorable
lipid proﬁle in African Americans than
the other groups because the UKPDS risk
engine assigns a great deal of weight to
the coefﬁcient for the ratio of TC/HDLC.
The coefﬁcient for the race or ethnicity
variable in the ARIC study risk equations
also indicates a lower risk for African
Americans. Thus, both the UKPDS and
ARIC study risk equations predict that the
risk for developing CHD is lower among
African Americans than whites when values for the risk factors are the same.
The UKPDS and FHS risk estimates
suggested that favorable developments in
the risk for developing CHD extended to
all three major racial or ethnic groups.
The estimated UKPDS risk during 2007–
2008 was 43% lower among African
Americans, 22% lower among Mexican
Americans, and 20% lower among whites
compared with 1999–2000. However,
the ARIC study risk estimates did not
show a signiﬁcant decrease in the risk
for CHD among African Americans,
and the FHS risk estimates for Mexican
Americans showed a reduction in risk
over time that was of borderline signiﬁcance. Because analyses stratiﬁed by race
or ethnicity failed to demonstrate significant reductions in several risk factors,
reducing smoking, HbA 1c , and blood
pressure among whites; smoking among
African Americans; and blood pressure
and TC among Mexican Americans is
critical to further reducing the future
risk for CHD in these groups.
Population studies in the U.S. have
shown increased treatment for and control of hypercholesterolemia and hypertension (3,14). Increased uptake of
medications to lower blood glucose, systolic blood pressure, and TC by people
with diabetes likely contributed to the improvements in these risk factors (4). Less
clear is the role of lifestyle behaviors, such
as physical activity and diet (saturated fat,
polyunsaturated fat, trans fats, dietary
cholesterol, salt, and fruits and vegetables), in affecting the observed trends. Although an anthropometric measure is not
part of any of the three risk engines used
in the current study, excess weight promotes increased blood pressure and
dyslipidemias. Thus, weight management is critical to optimizing levels of
blood pressure and lipids that are

care.diabetesjournals.org
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CONCLUSIONS—Compared with
1999–2000, the estimated 10-year UKPDS
risk for developing CHD among people
with diagnosed diabetes was 22% lower
by 2007–2008. The estimated risk for
CHD decreased signiﬁcantly among men,
women, whites, African Americans, and
Mexican Americans. Improvements in
concentrations of HbA1c, systolic blood
pressure, and the ratio of TC/HDLC
mostly accounted for the decreased risk.
The mortality rate of CHD in the U.S.
population has decreased tremendously
since the 1960s (9). Medical treatments of
CHD and favorable trends in key risk factors for CHD have contributed roughly

Table 2—Estimated UKPDS 10-year risk for CHD among adults with diagnosed diabetes,
aged 30–79 years, in the U.S. under different scenarios by study period, NHANES
1999–2008
1999–2000 2001–2002 2003–2004 2005–2006

Reduction scenario
n*
UKPDS 10-year risk
UKPDS 10-year risk,
eliminate smoking
UKPDS 10-year risk,
HbA1c ,7%
UKPDS 10-year risk,
systolic blood pressure
,130 mmHg
UKPDS 10-year risk,
decrease ratio of
TC/HDLC
UKPDS 10-year risk,
implement all

2007–2008

Percentage
or mean
(SE)†

Percentage
or mean
(SE)†

Percentage
or mean
(SE)†

Percentage Percentage or
or mean
mean
(SE)†
(SE)†

335
21.1 (1.4)

338
17.6 (0.7)

363
19.0 (1.1)

374
13.8 (0.9)

567
16.4 (0.8)

20.3 (1.3)

16.9 (0.8)

18.0 (1.1)

13.3 (0.9)

15.8 (0.8)

18.5 (1.3)

15.5 (0.7)

17.3 (1.0)

12.8 (0.9)

15.0 (0.7)

19.7 (1.3)

16.7 (0.7)

17.9 (1.1)

12.9 (0.8)

15.5 (0.7)

17.2 (1.2)

14.4 (0.5)

16.0 (0.9)

11.9 (0.8)

13.8 (0.7)

13.4 (1.0)

11.4 (0.6)

13.2 (0.8)

10.0 (0.7)

11.4 (0.6)
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important components of the UKPDS
risk engine and to estimating cardiovascular risk.
The present analysis suggests that
reducing TC to ,200 mg/dL and raising
HDLC to at least 40 mg/dL in men and 50
mg/dL in women would result in the largest reduction in risk. In part, the size of
the potential risk reduction was governed
by the high prevalence of dyslipidemias of
69.5%. Optimizing medical management
and promoting behavioral change, such
as increasing physical activity (keeping
in mind medical limitations), improving
dietary quality, and weight management,
can contribute to lowering concentrations
of HbA1c, blood pressure, and concentrations of lipids. Smoking is an important
risk factor for CHD. Therefore, the absence of a meaningful decrease in the
prevalence of smoking in diabetic adults
during the 10-year study period suggests
that this behavior contributed little to the
observed trends in the estimated risk for
CHD. Had all diabetic participants who
were current smokers not smoked, the estimated risk would have been ~4% lower
in 1999–2000 and in 2007–2008.
Clinical trials, especially the more
recent ones, have generated considerable
controversy concerning the effect of glycemic control, particularly rigorous glycemic control, on all-cause mortality (15).
Therefore, the hypothetical reductions in
risk for CHD attributable to glycemic control discussed above should be viewed
with considerable caution. Meta-analyses
of clinical trials in people with diabetes
demonstrated that treating patients with
hypertension or elevated concentrations
of LDL cholesterol improves cardiovascular outcomes (16,17), and, therefore, the
control of these two risk factors is clearly
vital in reducing the risk for CHD in people
with diabetes. Furthermore, comprehensive management of major cardiovascular
risk factors in people with diabetes greatly
reduces cardiovascular disease (18).
The number of risk prediction algorithms to calculate the risk for CHD or
cardiovascular disease has increased substantially since the emergence of risk
prediction for CHD. Because the FHS
and other risk prediction algorithms
may not adequately assess the risk for
CHD among people with diabetes (19),
two additional risk prediction algorithms,
the UKPDS and ARIC study risk prediction algorithms that were developed using samples of diabetic participants, were
used in the current study. The UKPDS
risk prediction algorithm, however, was
1342

DIABETES CARE, VOLUME 34, JUNE 2011

developed using data from a cohort of
participants with diabetes who did not
have a recent history of myocardial infarction, angina, or heart failure. Thus, this
risk prediction algorithm may underestimate the risk for developing CHD in studies, such as the present one that include
participants with such histories of myocardial infarction, angina, or heart failure.
The predictive ability of several risk prediction algorithms among people with diabetes has been compared with observed
outcomes in a number of prospective
studies (19–24). The FHS risk prediction
algorithm underestimated the observed
risk for CHD in some studies (19,21)
and overestimated the risk in others
(22–24). The UKPDS risk prediction algorithm also overestimated the risk in
some studies (21–24). A comparison of
risk functions in New Zealand showed
that the 5-year UKPDS risk estimates
were lower than the FHS risk estimates
(25). Thus, considerable uncertainty exists about how best to estimate the risk
for cardiovascular disease in people with
diabetes.
Several limitations deserve mention.
First, diagnosed diabetes was based on
self-reported information and is thus
subject to some degree of erroneous reporting and misclassiﬁcation. However,
self-reported diabetes generally has good
sensitivity and speciﬁcity. Second, the
number of participants with diagnosed
diabetes was too small to calculate reasonably stable estimates of risk for CHD
by several levels of stratiﬁcation of the
study variables. Third, estimates of 10year risk were calculated for the three
major racial or ethnic groups. The UKPDS
and ARIC study participants included
participants of African heritage, and,
therefore, the use of these two sets of
risk equations among African Americans
in the current study appears reasonable,
although limited experience exists concerning the use of these risk equations in
African American populations. Furthermore, the validity of applying these equations to samples of participants of
Hispanic heritage remains to be established. Furthermore, estimates for only
three major racial or ethnic groups were
calculated because data for other races or
ethnicities were not available or had inadequate sample size. Thus, studies focused on other races or ethnicities will be
helpful to examine the totality of the
dynamics of CHD among people with
diabetes. Finally, the laboratories and
methods for measuring HbA1c and lipids

changed during the 10-year period.
Crossover studies were performed to
examine the possible effects of these
changes, and equations were developed
to bridge any differences. The changes
in the methodology for measuring concentrations of HDLC may have partially
led to the increase in the means of
HDLC from 1999 to 2006, particularly
after all specimens were analyzed by using
the direct method of measuring HDLC
starting in 2003. Therefore, it is possible
that this artifact may have been responsible for some small proportion of the favorable trend in the risk for CHD that was
observed.
In conclusion, recent favorable trends
in several major risk factors for CHD,
namely HbA1c, systolic blood pressure,
and the ratio of TC/HDLC, have resulted
in an encouraging reduction in the estimated risk for CHD among adults with
diagnosed diabetes in the U.S. The estimates from the current study also suggest
that continuing declines in the mortality
rate from CHD among people with diabetes can be anticipated going forward. Sustained efforts in targeting these three risk
factors as well as an additional focus on
reducing smoking in the diabetic population should further beneﬁt the cardiovascular health of people with diabetes.
Because the most recent data did not indicate that the decrease in the estimated
risk for CHD from 1999–2000 to 2005–
2006 continued into 2007–2008, future
monitoring will be essential to determine
whether this possible interruption in the
trend is a temporary phenomenon that
may represent sampling variation or
represents a real change in the direction
of the trend.
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