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Background: Angina pectoris (AP) is common in coronary artery disease (CAD), but whether those with
diabetes mellitus (DM) experience AP as often as those without DM is unclear.

Hypothesis: AP prevalence is similar in those with vs without DM in a community sample with CAD.
Methods: In adults with CAD in the US NHANES 2001-2010, AP was determined by self-report and Rose
questionnaire and compared by DM status. Physical functioning and medication use were also evaluated.
Results: Of 1957 adults with CAD, 619 (28.2%) had DM. Prevalence of AP was similar in those with vs without
DM (48.9% Vs 46.3%; P =0.38). There was a trend toward more severe AP in those with glycated hemoglobin
>7% (50.4%) vs <7% (27.1%; P =0.09). Adjusted logistic regression showed a similar odds of AP (1.06, 95%
Cl: 0.84-1.33) in those with vs without DM, although among DM, a 2-fold greater odds of AP in women vs
men. Physical functioning was worse in those with vs without AP overall (score of 25.9 vs 24.3; P < 0.001)
and further diminished within those with comorbid DM (26.7 vs 24.0; P < 0.001). Among those with AP, those
with vs without DM were more likely on B-blockers, statins, angiotensin-converting enzyme inhibitors, and
antiplatelet therapy.

Conclusions: AP in CAD patients is similar among those with vs without DM, despite greater use of evidence-
based therapies in DM patients. Greater physical limitations exist in those with vs without AP, and further

diminish with comorbid DM.

Introduction

The combination of diabetes mellitus (DM) and coronary
artery disease (CAD) confers substantial increased risk
for morbidity and mortality than does the presence
of either condition alone.! Angina pectoris (AP) is a
highly prevalent condition in persons with known CAD,
including those with comorbid DM. Among studies of
patients with more acute CAD, the Bypass Angioplasty
Revascularization Investigation 2 Diabetes (BARI 2D) trial
of persons with CAD and DM showed angina rates 1 year
following coronary intervention to be higher than previously
conducted trials in non—DM-specific CAD populations.? In
addition, a recent analysis of the Translational Research
Investigating Underlying Disparities in Acute Myocardial
Infarction Patients’ Health Status (TRIUMPH) prospective
cohort study showed that patients with DM vs without
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have greater angina prevalence and severity following
acute myocardial infarction (MI), despite more aggressive
antianginal management.? Not previously reported in a large
national US sample of noninstitutionalized adults with stable
CAD is the comparison of AP prevalence in those with and
without DM and physical functioning associated with AP in
such persons.

This study compares, within community-based nonin-
stitutionalized US adults with CAD from the National
Health and Nutrition Examination Surveys (NHANES) from
2001 to 2010, the prevalence of AP overall and among
those with and without DM, and according to glycemic
control among those with DM. We also examined the
relationship of AP with physical functioning, medication
use in those with vs without DM among those with
AP, and predictors of AP likelihood in persons with or
without DM.

Methods
Study Sample

We examined AP prevalence and CAD risk factors in the
NHANES 2001-2010 among 1957 adults age >18 years with
CAD. The NHANES is a survey of a non-institutionalized
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sample of persons representative of the US population that
includes interviews and physical examinations to assess
health of participants.

Definitions

Coronary artery disease was defined as self-report of the
participant noting that they had been told by a health
care provider that they had a heart attack or coronary
heart disease (CHD). Angina pectoris was based on having
either been diagnosed (ever told by doctor or other
health professional of having AP; self-report) or current
symptoms confirmed by Rose Questionnaire grade I or II
AP. Questions and criteria for AP were based on the Rose
Questionnaire.* Diabetes mellitus was defined by fasting
glucose >126mg/dL, nonfasting glucose >200mg/dL,
previous physician diagnosis of DM, or use of insulin
or hypoglycemic medication. Antianginal medication use
(including B-blockers and calcium channel blockers) was
based on participant medicine bottles brought in at study
visit.

Coronary artery disease risk factors included total
cholesterol (TC) and high-density lipoprotein cholesterol
(HDL-C), triglycerides, systolic blood pressure (SBP),
body mass index (BMI), waist circumference, cigarette
smoking, and family history of CAD. Other covariates
included ethnicity, defined as non-Hispanic white, non-
Hispanic black, or Hispanic. Smoking status was defined
by whether a person never smoked, previously smoked
but has since stopped (past smoker), or continues to
smoke (current smoker). Glycated hemoglobin (HbA;.) was
measured using high-performance liquid chromatography.
Systolic blood pressure measurements were taken using
a mercury sphygmomanometer and then averaged over
up to 4 measurements. Total cholesterol was measured
enzymatically after hydrolyzation and oxidation. High-
density lipoprotein cholesterol was measured using a
direct immunoassay technique. Furthermore, the use of
antianginal medications as classified by NHANES (based
on participants’ self-reporting at the time of NHANES visit)
was evaluated.” The physical functioning section provides
self-reported data on functional limitations caused by long-
term physical, mental, and emotional problems or illness,
and it is used to assess an individual’s level of disability.®
Physical functioning assessment was based on NHANES
physical functioning questions with index based on the sum
of the scores of each of the 25 items (a higher score indicates
worse physical functioning).

Statistical Analysis

We initially characterized subjects from NHANES
2001-2010 with CAD, among those with vs without DM
according to age and other demographics, HbA;., and CAD
risk factors. Using x? test of proportions, we examined the
prevalence of AP and risk factors among those with vs with-
out DM, as well as risk factors among those with vs without
AP having DM. The prevalence of AP according to extent of
glycemic control among those with DM was also assessed.
Prevalence of AP was based upon having been diagnosed
(told by doctor of having AP) or Rose Questionnaire verified
class 1 or class 2 AP in our CAD sample overall, and among

those with vs without DM. Finally, we also used multiple
logistic regression to assess the likelihood of having AP (any
and by Rose Questionnaire) in those with vs without DM
adjusted for risk-factor differences (age, sex, race, smoking,
SBP, TC, HDL-C, and BMI) between those with vs with-
out AP. The mean physical functioning index (as described
above) was examined in those with vs without AP (any and
by Rose Questionnaire) by the Student ¢ test, and using
analysis of covariance, adjusted for the above covariate risk
factors. The y2 test of proportions was also used to compare
prevalence of cardiovascular medication use among those
with AP (any and by Rose Questionnaire) according to DM
status. SAS version 9.2 (SAS Institute, Inc., Cary, NC) was
used for all statistical analysis and for providing 10-year
sample weighted estimates (for means and proportions). A
P value of <0.05 (2-tailed) was considered to be statistically
significant.

Results

Among 24 904 adults age >18years projected to a weighted
population of 199.8 million, we identified 1957 adults
(representing 11.8 million) with CAD. Of them, 619 (28.2%)
were classified as having DM (Figure 1). Table 1 shows that
in those with vs without DM, sex and smoking status were
similar. However, age, waist circumference, BMI, SBP, and
HbA;. were significantly higher and mean TC and HDL-C
significantly lower in those with vs without DM. Figure 2
shows that the overall prevalence of AP did not differ
between those with vs without DM by self-report (43.9%
vs 40.9%; P=0.32), Rose questionnaire (13.0% vs 12.2%;
P =0.71), or either (48.9% vs 46.3%; P =0.38).

Total N=24,904 (199.7M)
Adults 18+ NHANES 2001-2010

\4

N=1957 (11.8M)
(5.9%) with CAD

¥ N

N=1338 (8.5M) (71.8%)

N=619 (3.3M) (28.2%)

without DM with DM
N=518 (3.5M) N=159 (1.0M) Nzi;/(l“r’_“:'l) N=86 (0.4M)
(40.9%) with | | (12.23%) with (s ; R°) wit (12.97%)
Self-Report AP Rose AP € —Asport with Rose AP

\4

297 (1.6M) (48.9%) with
either Self-Report or Rose
AP

587 (3.9M) (46.3%) with
either Self-Report or Rose AP

Figure 1. Flow diagram showing derivation of study sample. Sample
n-size with weighted n in millions in parenthesis. Abbreviations: AP,
angina pectoris; CAD, coronary artery disease; DM, diabetes mellitus;
NHANES, National Health and Nutrition Examination Survey.
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Table 1. Demographic and Risk Factor Information According to Presence
of DM

DM, No DM,
n=619 n=1338
(28.2) (71.8) P Value
Female sex 253 (42.9) 502 (40.2) 0.37
Age,y 66.8+0.6 64.6 +0.5 <0.05
Ethnicity
Non-Hispanic white 333 (72.9) 914 (82.3) <0.001
Mexican American or other Hispanic 131 (7.7) 194 (6.0)

Non-Hispanic black 133 (13.6) 189 (8.1)
Other 22 (5.8) 413.7)

Smoking status

Current smoker 132 (20.8) 324 (25.7) 0.14

Past smoker 271 (44.7) 554 (41.2)
Waist circumference, cm 110.4 £ 1.0 102.2 £ 0.5 <0.001
BMI, kg/m? 32.3+0.4 28.9+0.2 <0.001
HbA,, % 7.0+ 0.1 5.6 £ 0.01 <0.001
SBP, mm Hg 132.9 0.9 129.7 +0.8 <0.05
TC, mg/dL 181.0+2.8 191.5 + 2.0 <0.05
HDL-C, mg/dL 46.4+0.7 50.7 £ 0.5 <0.001
AP, %° 48.9% 46.3% 0.38

Abbreviations: AP, angina pectoris; BMI, body mass index; DM,
diabetes mellitus; HbA;., glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure; SE, standard
error; TC, total cholesterol.

Sample sizes vary slightly according to variable listed. Data are
presented as n (%) or mean =+ SE, unless otherwise noted. Means
and percentages represent population-weighted values. Percentages
of those with or without DM with given factor noted in parentheses.

%Based on being positive either by self-report or Rose questionnaire.

Among those with DM, mean HbA;. was similar (7.0%) in
those with vs without AP, as was age, ethnicity, TC and HDL-
C, blood pressure, smoking, waist circumference, and BMI.
Also, in our sample with DM, among those with vs without
angina, there was a trend toward a greater percentage of
females (47.8% vs 38.2%; P =0.07; Table 2). Prevalence of
AP did not differ by glycemic control: 47.6% for HbA;. <6%,
50.6% for HbA1. 6% to <7%, 47.6% for HbA1. 7% to <8%, 49.1%
for HbA;. 8% to <10%, and 46.2% for those with HbA;. >10%;
however, there was a nonsignificant trend toward more
severe AP (class 2 as assessed by Rose Questionnaire) in
those with HbAi. >7% (50.4%) vs <7% (27.1%; P=0.09).
This trend for a greater likelihood of Rose class 2 angina
in those with HbAj. >7% vs <7% also held in multiple
logistic regression adjusted for age, sex, and other risk
factors (odds ratio [OR]: 1.73, 95% confidence interval [CI]:
0.71-4.25); however, glycemic control was not related to the
likelihood of any angina (OR: 0.92, 95% CI: 0.65-1.31) or Rose
AP in general (OR: 0.97, 95% CI: 0.54-1.71).

Table 2. Risk Factor Comparisons by Presence of AP Among Subjects With
DM (N = 619)

AP, No AP,
n=297 n=322 P Value

Female sex 138 (47.8) 115 (38.2) 0.07
Age,y 66.3+0.7 67.2+0.8 0.44
Ethnicity

Non-Hispanic white 162 (73.2) 171 (72.7) 0.83

Mexican American or other Hispanic 61 (7.3) 70 (8.1)

Non-Hispanic black 63 (13.1) 70 (14.2)

Other 11 (6.5) 11 (5.1)
Smoking status

Current smoker 63 (23.0) 69 (18.6) 0.53

Past smoker 135 (44.0) 136 (45.3)
Waist circumference, cm 111415 110+ 1.2 0.83
BMI, kg/m? 32.3+0.5 32.4+0.5 0.85
HbA,¢, % 7.0+t0.1 7.0+t0.1 0.75
SBP, mm Hg 132+ 1.5 134+1.3 0.32
TC, mg/dL 183+ 5.4 179+3.3 0.48
HDL-C, mg/dL 46.3+0.9 46.4+1.2 0.93

Abbreviations: AP, angina pectoris; BMI, body mass index; DM,
diabetes mellitus; HbA;, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure; SE, standard
error; TC, total cholesterol.

Sample sizes vary slightly according to variable listed. Data are
presented as n (%) or mean + SE, unless otherwise noted. Means and
percentages represent population-weighted values. Percentages of
those with or without AP with given factor noted in parentheses.
Angina based on being positive either by selfreport or Rose
questionnaire.

From multiple logistic regression (Table 3), adjusted for
age, sex, and risk factors (including BMI), the odds of AP
remained similar (1.06, 95% CI: 0.84-1.33) in those with vs
without DM. Women, however, were nearly 2-fold more
likely to have angina than men (OR: 1.74, 95% CI: 1.31-2.30).
Specifically examining the likelihood of Rose AP in similar
adjusted analyses shows similar results with no greater odds
in those with vs without DM (OR: 0.90, 95% CI: 0.60-1.03), but
more than a 2-fold greater likelihood of Rose AP in women
vs men (OR: 2.39, 95% CI: 1.64-3.49). A similar analysis done
specifically in those with DM showed no single variable to
be significantly related to the likelihood of AP; however,
a trend toward an increased likelihood of AP in women
compared with men is present (OR: 1.66, 95% CI: 0.91-3.02;
data not shown). In predicting Rose AP in a similar analysis
among those with DM, women vs men were also more likely
to have Rose AP (OR: 2.07, 95% CI: 1.12-3.57) in adjusted
analyses.

We also assessed physical functioning using the self-
reported data on functional limitations. In the overall CAD
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Table 3. Multiple Logistic Regression Examining Factors Associated With
AP (N=1787)

OR 95% Cl
DM 1.06 0.84-1.33
Age (per SD) 0.88 0.76-1.01
Ethnicity (compared with white)

Mexican-American/other Hispanic 1.06 0.74-1.52

Non-Hispanic black 0.73 0.53-1.01

Other 1.67 0.82-3.38
Female sex 1.74 1.31-2.30
Smoking status

Current smoking 1.04 0.71-1.51

Past smoking 1.13 0.85-1.51
SBP (per SD) 1.01 0.90-1.13
DBP (per SD) 0.90 0.79-1.02
TC (per SD) 1.11 0.96-1.28
HDL-C (per SD) 0.95 0.83-1.09
BMI (per SD) 1.10 0.96-1.26

Abbreviations: AP, angina pectoris; BMI, body mass index; CI,
confidence interval; DBP, diastolic blood pressure; DM, diabetes
mellitus; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio;
SBP, systolic blood pressure; SD, standard deviation; TC, total
cholesterol.

Angina based on being positive either by self-report or Rose
questionnaire.

cohort, we found that physical functioning was worse in
those with vs without any AP (score of 25.9 vs 24.3;
P <0.001) or Rose AP (score of 29.4 vs 24.5; P <0.001),
with an even greater difference observed in those with vs
without AP in the subset who had comorbid DM (26.7 vs
24.0, P < 0.001 for any AP and 30.7 vs 24.7, P < 0.001 for Rose
AP; Figure 3). Adjustment for covariate risk factors showed
these differences to persist in the overall CAD sample (score
0f 25.6 vs 24.1, P < 0.001 in those with vs without any angina
and 28.7 vs 24.4, P < 0.001 in those with vs without Rose AP)
and among those with DM (score of 26.3 vs 24.1, P=0.01in
those with vs without any angina and 28.3 vs 24.8, P =0.03
for those with vs without Rose angina).

In evaluating medication usage among those with any
AP, comparing those with vs without DM there was
great usage of B-blockers (63.3% vs 48.6%; P <0.001),
statins (62.1% vs 41.4%; P <0.001), angiotensin-converting
enzyme inhibitors (ACElIs; 41.4% vs 25.9%; P < 0.001), and
antiplatelet therapy (17.4% vs 11.9%; P <0.05; Figure4).
Examining these frequencies in those with Rose AP shows
similar frequencies comparing those with vs without DM for
B-blockers (66.9% vs 50.1%; P < 0.01), statins (70.9% vs 38.4%;
P <0.001), ACEIs (45.9% vs 29.6%; P = 0.03), and antiplatelet
therapy (16.6% vs 12.7%; P = 0.38).

Discussion

Despite conventional belief that CAD patients with DM
may experience less AP, our data from a sample of
noninstitutionalized US adults with stable CAD suggest
a similar likelihood of any AP and Rose AP specifically,
irrespective of DM status, with a trend toward greater AP
severity in DM patients with worse glycemic control. These
observations exist despite greater use of evidence-based
therapies in AP patients with DM vs without. B-Blockers
and statins were the medications most commonly taken
by patients with AP and DM in our study, and use of
these therapies, along with ACEIs and antiplatelet therapy,
was more common in AP patients with vs without DM. In
our previously published report of adherence to secondary
prevention treatment goals and recommended therapies in
US adults with CHD in 2005 to 2006, we reported overall
prevalence of B-blocker usage and usage in subjects with AP
at 43% and 58%, respectively; however, that analysis did not
examine AP prevalence comparing those with vs without
DM, nor the use of antianginal medications specifically.”

In assessing the association of AP with daily physical
activities, our results show that there is greater limitation
in physical functioning in patients with AP, with further
diminution of greater magnitude associated with AP in those
with comorbid DM. These results also held in multivariable
analyses and when looking at Rose AP specifically. The
greater limitation of physical function in patients with AP
and DM over AP alone could be in part due to increased
BMI in DM patients; however, a difference in limitation of
physical function was not seen when comparing patients
with DM vs without in the overall CAD cohort. Perhaps
greater AP severity, as found in DM patients with worse
glycemic control, could be hypothesized as part of the
explanation. Severity of persistent angina has been shown to
be previously associated with impaired physical functioning
as well as depression and anxiety,® and frequency of angina
attacks with emotional, physical, social, and global scores of
quality of life.?

In our analysis, women report more angina compared
with men, both overall and in those with comorbid DM. Our
results show an approximately 2-fold greater odds of angina
in women compared with men, both overall and among those
with DM and when looking at Rose AP specifically in fully
adjusted analyses. This is interesting given conventional
wisdom that women with CAD tend to have more atypical
symptoms not characteristic of AP. The Bypass Angioplasty
Revascularization Investigation 2 Diabetes (BARI 2D) trial
of persons with CHD and DM also found that women with
DM were more likely than men to have AP (67% vs 58%;
P <0.01).1° We found similar results in our analysis, with a
greater prevalence of AP among those with DM in women
vs men (54.5% vs 44.8%; P =0.053). Angina pectoris also is
associated with further increases in mortality. Moreover,
in the Rancho Bernardo population-based study of older
persons, Carpiuc et al found that women with AP among
those with DM had a 3- to 4-fold greater risk of dying from
CAD compared with women without AP among those with
DM.!! There is a lack of studies of AP prevalence among
nonhospitalized populations. A recent report from NHANES
in the general adult population age >40 years showed angina
prevalence to range from 2% to 3% in men and women age
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Figure 3. Mean index of physical functioning composite index according to DM status, angina status, and angina status among persons with DM. Higher
scores indicate worse physical functioning. ***P < 0.001 comparing those with vs without condition. Abbreviations: DM, diabetes mellitus.

40 to 64 years and in those age >65years from 8% to 11% in
men and 5% to 9% in women.!2 Also, in the population-based
Cardiovascular Health Study of older adults, the prevalence
of angina ranged from 9.1% in those without prior MIto 18.9%
in those with an unrecognized MI and 63.3% in those with
a recognized ML These reports did not note prevalence
according to the presence or absence of DM, however.

Study Limitations

Our study has some limitations. Our sample represents
a noninstitutionalized community-based sample of persons
with CHD with and without DM that can be generalized
to the US population. However, due to the cross-sectional
nature of our study, we were unable to determine temporality
between selfreported AP status and DM status. The data
from NHANES also has limited ethnic categories, and

certain ethnicities, including Asians, are not included. Also,
the selfreport determination of AP is fairly nonspecific,
relying on the subject self-reporting that they had ever
been told by a doctor or other health professional of
having AP; thus, differentiation according to typical or
atypical symptoms was not available. However, other
population-based studies have documented the validity of
self-reported angina as a valid diagnosis of angina.!41
Furthermore, the Rose questionnaire is much more rigid
in its determination of AP, requiring current symptoms
be present; thus, the prevalence by Rose is expectedly
lower. Thus, we used a combination of AP by either
self-report or Rose questionnaire to capture past or current
AP, and completeness of response to self-report and Rose
questionnaire items has been previously documented to be
>99% by a recent report of AP prevalence in the general US
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adult population (not specifically persons with CHD) that
also shows lower AP prevalence by Rose questionnaire from
self-report vs the Rose questionnaire.!?

Conclusion

Our study demonstrates that in persons with known
CHD, the prevalence of AP is similar in those with and
without DM, with a trend toward greater AP severity
in DM patients with worse glycemic control. These
data help provide clarification to the commonly held
misconception that AP is less prevalent in patients with
DM. In addition, among patients with AP, those with DM
appear to be better medically managed with evidenced-
based cardiovascular therapies compared with those without
DM. Despite this, the observed similar prevalence of
AP in DM patients may suggest particular challenges in
treatment of this comorbid population. Furthermore, the
presence of comorbid DM in AP patients presents greater
limitations in physical functioning than are seen in the
overall AP population. Therefore, attention to appropriate
angina management in CAD patients with DM is warranted,
with goals of symptom improvement and improved physical
functioning.
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