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Abstract
Background: Reasons for the excess risk for cardiovascular disease among people with chronic obstructive
pulmonary disease remain unclear. Our objective was to examine the cardiovascular risk profile for adults with
obstructive and restrictive impairments of lung functioning in a representative sample of adults from the
United States.
Methods: We used data from adults aged 20–79 years who participated in the National Health and Nutrition
Examination Survey from 2007 to 2010 and had a pulmonary function test. The severity of obstructive
impairment was defined by adapting the Global Initiative for Chronic Obstructive Lung Disease criteria.
Results: Among 7249 participants, 80.9% had a normal pulmonary function test, 5.7% had a restrictive impairment,
7.9% had mild obstructive impairment, and 5.5% had moderate or severe/very severe obstructive impairment.
Participants with obstructive impairment had high rates of smoking and increased serum concentrations of
cotinine. Compared to participants with normal pulmonary functioning, participants with at least moderate
obstructive impairment had elevated concentrations of C-reactive protein but lower concentrations of total
cholesterol and non-high-density lipoprotein cholesterol. Among participants aged 50–74 years, participants with at
least a moderate obstructive impairment or a restrictive impairment had an elevated predicted 10-year risk for
cardiovascular disease.
Conclusions: The high rates of smoking among adults with impaired pulmonary functioning, particularly those
with obstructive impairment, point to a need for aggressive efforts to promote smoking cessation in these adults. In
addition, adults with restrictive impairment may require increased attention to and fine-tuning of their
cardiovascular risk profile.
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Background
Over 137,000 deaths were preliminarily ascribed to
chronic lower respiratory diseases in 2010 resulting in
this group of lung disorders continuing to be ranked for
the third straight year as the third leading cause of death
in the United States [1]. Over 95% of these respiratory
deaths are attributed to chronic obstructive pulmonary
disease (COPD), which includes emphysema and chronic
bronchitis. People with COPD have a higher mortality
rate than those who do not have COPD [2]. Furthermore, people with COPD are at increased risk of developing or dying from cardiovascular disease [2-10]. Also,
impaired lung function as measured by the forced expiratory volume in one second (FEV1) flow is inversely
associated with cardiovascular events [11,12]. These
observations raise questions about the cardiovascular
risk profile among people with COPD. Among deaths
from bronchitis, emphysema, and chronic airway obstruction in the United States in 2000–2004, 82.2% were
attributed to cigarette smoking [13]. Because smoking is
considered the major cause of COPD in many societies,
the high prevalence of smoking among people with
COPD likely accounts for part or perhaps most of the
increased risk. However, the possible contribution to
increased mortality from cardiovascular disease by other
risk factors is less well understood. Clarification of the
possible cardiovascular factors that may increase the risk
for cardiovascular disease mortality would help in directing the clinical management of adults with COPD in
order to mitigate this extra risk. Therefore, the primary
objective of the present study was to compare cardiovascular risk factors between adults with and without
COPD determined from spirometry. In addition, we also
examined the cardiovascular risk profile among adults
with a restrictive impairment.
Methods
Participants of the National Health and Nutrition Examination Survey (NHANES) 2007–2010 were selected by
using a stratified multistage probability sample. After
agreeing to participate, invitees were interviewed in their
homes and asked to attend an examination in the mobile
examination center. Attendees completed additional
questionnaires, underwent various examinations, and
were phlebotomized. Response rates for the interview
and examination were 78% and 75%, respectively, in
NHANES 2007–2008, and 79% and 77%, respectively, in
NHANES 2009–2010. The NHANES website offers
detailed information about the surveys [14]. NHANES
2007–2010 was approved by the National Center for
Health Statistics (NCHS) Research Ethics Review Board.
Spirometry was offered to participants aged 6–79 years
in NHANES 2007–2010 [15,16]. Participants were
excluded for the following reasons: current chest pain;
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physical problem with forceful expiration; use of supplemental oxygen; recent surgery of the eye, chest or the
abdomen; recent heart attack, stroke, tuberculosis exposure, or coughing up of blood; and history of detached
retina or a collapsed lung. Participants were asked to
provide three acceptable maneuvers using Ohio 822/827
dry-rolling seal volume spirometers [16].
We used predictive equations for forced expiratory
volume in 1 second (FEV1) and forced vital capacity
(FVC) that were derived from NHANES III data [17].
We applied the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) classification, which was designed
for use with postbronchodilator results, to the prebronchodilator spirometric results and established the
following categories of obstructive impairment: severe
obstructive impairment (FEV1/ FVC <0.70 and FEV1
<50% predicted), moderate obstructive impairment
(FEV1/FVC <0.70 and FEV1 50 to <80% predicted), and
mild obstructive impairment (FEV1/FVC <0.70 and
FEV1 ≥80% predicted). Because the number of participants with severe obstructive impairment was limited,
we combined participants with moderate and severe obstructive impairment into one group. Participants with a
FEV1/FVC ratio ≥0.70 were considered as not having
obstructive impairment [18]. In addition, we also defined
a category of restrictive impairment (FEV1/FVC ≥0.70
and FVC <80% predicted) for some analyses.
Participants who had an obstructive impairment as
defined by FEV1/FVC less than 70% or the lower limit
of normal were eligible for bronchodilator testing. Exclusion criteria included the following: cardiovascular conditions (uncontrolled blood pressure, irregular pulse on
examination, taking medication for major arrhythmia,
implanted defibrillator, or history of congenital heart disease), taking certain prescription medications (monamine oxidase inhibitors, anticonvulsants, tricyclic
antidepressants, current treatment for cardiac disease,
potassium lowering drugs), recent use of β2-adrenergic
bronchodilators, previous adverse reaction to albuterol,
pregnancy, and breastfeeding. In all, almost half of adults
did not complete this portion of the protocol because of
exclusion criteria or other reasons. We classified the
postbronchodilator results as above to create groups
with mild, moderate, and severe or very severe obstructive impairment and retained the groups with normal
lung function and restrictive impairment based on the
prebronchodilator results.
We examined the following cardiovascular risk factors:
smoking status, concentration of cotinine, hypertension,
hypercholesterolemia, low concentration of high-density
lipoprotein cholesterol (<1.03 mmol/L in men and
<1.29 mmol/L in women), non-high-density lipoprotein
cholesterol ≥3.36 mmol/L, low-density lipoprotein cholesterol ≥2.59 mmol/L, C-reactive protein >3 mg/dl,
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diagnosed diabetes, body mass index ≥30 kg/m2, abdominal obesity (≥102 cm in men, ≥88 cm in women),
leisure-time physical activity <150 minutes per week. A
current smoker was defined as someone who had
smoked at least 100 cigarettes during his or her lifetime
and reported still currently smoking. A former smoker
was defined as someone who had smoked at least 100
cigarettes during his or her lifetime but reported having
stopped smoking. A never smoker was defined as someone who had not smoked at least 100 cigarettes during
his or her lifetime. Up to four attempts were made to
measure blood pressure. The average of the last two
measurements of blood pressure for participants who
had three measurements, the last measurement for
participants with only two measurements, and the only
measurement for participants who had one measurement were used. Hypertension was defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood
pressure ≥90 mm Hg or the self-reported use of antihypertensive medications. Body mass index (kg/m2)
was calculated from measured weight and height.
Waist circumference at the level of the ilium was measured to nearest 1 mm at the end of normal expiration. If participants responded affirmatively to the
question “Have you ever been told by a doctor or
health professional that you have diabetes or sugar diabetes?”, they were considered to have diagnosed diabetes. Participants who reported having borderline
diabetes were considered as not having diagnosed
diabetes.
Serum concentrations of cotinine were measured with
isotope-dilution high-performance liquid chromatography /atmospheric pressure chemical ionization tandem
mass spectrometric method. Concentrations of total
cholesterol were measured with an enzymatic method
on a Roche Modular P chemistry analyzer (Roche Diagnostics, Indianapolis, IN) during 2007–2008 and on a
Beckman Coulter UniCel DxC800 Synchron Clinical
System (Beckman Coulter, Inc., Brea, CA) during 2009–
2010. Concentrations of high-density lipoprotein
cholesterol were measured after precipitation with
magnesium/dextran sulfate on a Roche Modular P
chemistry analyzer (Roche Diagnostics, Indianapolis,
IN). Concentrations of non-high-density lipoprotein
cholesterol were calculated by subtracting concentrations of high-density lipoprotein cholesterol from those
of total cholesterol. Concentrations of low-density lipoprotein cholesterol were calculated by using the Friedewald equation only for fasting participants who had
fasted from 8.5 to 24 hours and attended the morning
examination. Concentrations of C-reactive protein were
measured by latex-enhanced; nephelometry on a Dade
Behring Nephelometer II Analyzer System (BNII) (Dade
Behring Diagnostics Inc., Somerville, NJ).
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We used a multivariable risk algorithm derived from
Framingham data to calculate the predicted 10-year cardiovascular risk for adults aged 30–74 years [19]. This
algorithm incorporates age, concentrations of total cholesterol and high-density lipoprotein cholesterol, systolic
blood pressure, hypertension treatment status, smoking,
and diabetes. In this algorithm, diabetes is defined on
the basis of glucose measurements. For the purposes
of calculating cardiovascular risk, diabetes was defined
as having a concentration of fasting plasma glucose
≥7.0 mmol/L or the self-reported use of insulin or oral
hypoglycemic medications. Because fasting plasma glucose was measured only for a subsample of participants
who attended the morning examination, analyses of predicted 10-year cardiovascular risk were limited to fasting
participants who attended the morning examination.
In addition, we included the following sociodemographic covariates: age, gender, self-reported race or ethnicity (white, African American, Mexican American, and
other), and educational level (less than 12 years, high
school graduate or equivalent, education beyond high
school) . We also included self-reported congestive heart
failure (Has a doctor or other health professional ever
told you that you had congestive heart failure?).
Most of the analyses were limited to participants aged
20–79 years who had a spirometric examination in the
mobile examination center. Age-adjustment with three
age groups (20–39 years, 40–59 years, and 60–79 years)
was performed by using the direct method and the projected year 2000 U.S. population. Differences in means
and proportions were tested with t-tests. Prevalence
ratios that were generated from log-binomial regression
analyses were used to examine associations between
cardiovascular risk factors and respiratory impairment
independent of sociodemographic factors and other cardiovascular risk factors. We used SAS and SUDAAN,
the latter to account for the complex sampling design of
the surveys. Sample sizes shown in the text and tables
are unweighted numbers. Sampling weights were used to
produce estimates (means, percentages, and prevalence
ratios) that are representative of the civilian noninstitutionalized population in the United States.

Results
Of the 10981 participants aged 20–79 years who had an
examination in NHANES 2007–2010, 9172 had a spirometric examination, and 9047 had values for FEV1 and
FVC. Excluding participants who lacked a value for
height reduced the number of participants to 9024.
Limiting participants to those who had a complete
examination and met or exceeded American Thoracic
Society data collection standards left 7890 participants.
After additional exclusions for participants with missing
data for other study variables, 7249 participants were
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included in the analysis based on prebronchodilator testing and 6816 based on postbronchodilator testing.
Among the 7249 participants, 80.9% had a normal pulmonary function test, 5.7% had a restrictive impairment,
7.9% had a mild obstructive impairment, and 5.5% had a
moderate or severe obstructive impairment. Participants
with a normal pulmonary function test, restrictive impairment, and obstructive impairment differed in mean
age, gender distribution, race or ethnic distribution, and
educational distribution (Table 1).
After age-adjustment, respiratory function status was
significantly associated with all cardiovascular risk factors except low-density lipoprotein cholesterol (Table 1,
Figure 1). However, the pattern of risk differed between
adults with a restrictive impairment and an obstructive
impairment. Compared to adults with normal pulmonary function, those with a restrictive impairment were
more likely to have an elevated concentration of cotinine, hypertension, low levels of high-density lipoprotein
cholesterol, an increased concentration of C-reactive
protein >3 mg/l, an increased prevalence of diabetes,
obesity, and abdominal obesity, an increased level of
physical activity, and an elevated 10-year cardiovascular
risk of >20%. Compared to adults with normal pulmonary function, those with a mild obstructive impairment
were more likely to be a current smoker, have an elevated concentration of cotinine, have a decreased concentration of C-reactive protein, have a lower prevalence
of diabetes, obesity, and abdominal obesity, and have an
elevated 10-year cardiovascular risk of >20%. Compared
to adults with normal pulmonary function, those with a
moderate or severe obstructive impairment were more
likely to be a current smoker and have an elevated concentration of cotinine, whereas they were less likely to
have an elevated concentration of total cholesterol and
non-high-density lipoprotein cholesterol. However, persons with moderate or severe obstructive impairment
had a higher age-adjusted percentage with an overall 10year cardiovascular risk >20% than persons with normal
pulmonary function (16.7% vs. 8.1%, p <0.001).
The results from multivariate analyses using prebronchodilator data are shown in Table 2. Compared to
participants with a normal pulmonary function test,
those with a restrictive impairment were more likely to
be a current smoker, to have an elevated concentration
of cotinine, to have low levels of high-density lipoprotein
cholesterol, to have an elevated concentration of Creactive protein >3 mg/l, and to have an elevated prevalence of diagnosed diabetes and obesity. Compared to
adults with normal pulmonary function, those with a
mild obstructive impairment were more likely to be a
current smoker, have an elevated concentration of cotinine, and have a lower prevalence of diabetes, obesity,
and abdominal obesity. Compared to adults with normal
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pulmonary function, those with at least moderate obstructive impairment were more likely to be a current
smoker and have an elevated concentration of cotinine,
were less likely to have an elevated concentration of total
cholesterol and non-high-density lipoprotein cholesterol,
and were more likely to have an elevated concentration
of C-reactive protein.
Because age is an important component of the calculation of predicted 10-year cardiovascular risk and because
differences in age among the four groups of respiratory
status were present, we calculated 10-year cardiovascular
risk for participants 50–74 years and again for those
aged 55–74 years (Table 3). For the former group, significantly larger percentages of adults with a restrictive
impairment or obstructive impairment had a risk >20%
than adults without an impairment of lung function. In
the 55–74 year-old age group, only adults with a moderate or worse obstructive impairment were significantly
more likely to have an elevated risk for cardiovascular
disease, although participants with a restrictive impairment had a borderline significant increased risk for cardiovascular disease (p = 0.061).
Postbronchodilator results

We repeated the results shown in Tables 1, 2, and 3
using the postbronchodilator data. Additional tables
corresponding to Tables 1, 2, and 3 are included in
Additional file 1.

Discussion
Our results show that, compared to adults who have a
normal pulmonary function, adults who have impaired
lung function, whether restrictive or obstructive in nature, have a number of abnormalities in their cardiovascular risk profile that might help to explain their
increased risk for cardiovascular mortality. However, the
comparisons of cardiovascular risk profiles with persons
who had normal pulmonary function differed somewhat
between adults with a restrictive impairment and those
with an obstructive impairment. Persons with restrictive
impairment showed more abnormalities of cardiometabolic factors compared to the normal group whereas
the latter had primarily higher rates of smoking
along with evidence of systemic inflammation compared
to the normal group. Furthermore, the predicted 10-year
cardiovascular risk was increased among adults aged
50–74 years with either a restrictive or obstructive
impairment.
Relatively few studies, especially population-based
studies in the United States, have compared the cardiovascular risk factor profile in people with COPD to that
in people without COPD. In a cohort of 91932 members
of the Kaiser Permanente Medical Care Program of
Northern California, patients with COPD identified from
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Table 1 Age-adjusted means and percentages (standard error) of sociodemographic and cardiovascular factors among
7249 U.S. adults aged 20–79 years, by categories of respiratory impairment based on prebronchodilator data, National
Health and Nutrition Examination Survey 2007-2010
Respiratory impairment
Obstructive impairment
None
(N=5792)

Restrictive
(N=478)

Mild
(N=551)

Moderate/severe/
very severe (N=428)

P
restrictive‡

P
mild OI‡

P moderate/
severe OI‡

Age (years)

42.5 (0.3)

50.1 (0.9)

54.9 (0.7)

55.2 (0.7)

<0.001

<0.001

<0.001

Men (%)

46.5 (0.7)

56.4 (3.1)

66.0 (3.0)

58.4 (3.6)

0.002

<0.001

0.004

White

70.4 (2.3)

54.7 (5.1)

84.1 (2.8)

78.0 (4.4)

0.001

<0.001

0.042

African American

9.9 (1.0)

9.3 (1.4)

7.9 (1.9)

7.7 (1.6)

Mexican American

9.3 (1.4)

8.8 (1.9)

3.4 (1.1)

1.2 (0.4)

Other

10.4 (1.1)

27.2 (4.0)

4.5 (1.3)

13.1 (3.6)

<High school

16.4 (0.9)

19.7 (2.0)

17.2 (2.5)

22.5 (3.4)

High school graduate or equivalent

22.2 (0.9)

25.0 (3.8)

28.4 (3.5)

34.4 (3.8)

>High school (%)

61.4 (1.4)

55.3 (4.1)

54.4 (4.0)

43.1 (4.9)

0.112

0.063

<0.001

0.081

<0.001

<0.001

0.048

<0.001

<0.001

Race or ethnicity (%)

Education (%)

Smoking status (%)
Current

18.8 (0.7)

24.2 (3.2)

35.7 (2.4)

48.6 (3.8)

Former

23.0 (0.9)

23.2 (2.8)

26.6 (3.0)

26.4 (3.7)

Never
Cotinine >10 ng/ml (%)

58.2 (1.2)

52.6 (4.3)

37.8 (3.6)

25.0 (3.4)

22.9 (0.8)

29.3 (3.5)

44.5 (3.5)

53.1 (4.3)

Hypertension (%)

25.1 (0.8)

34.1 (2.9)

25.8 (2.4)

30.8 (3.5)

0.003

0.761

0.101

Total cholesterol ≥5.17 mmol/L (%)

45.2 (0.9)

41.4 (2.6)

43.4 (3.6)

36.8 (3.4)

0.212

0.619

0.027

High-density lipoprotein cholesterol
<1.03 mmol/L in men, <1.29 mmol/L
in women (%)

32.1 (1.1)

50.2 (2.9)

26.7 (3.2)

36.4 (5.1)

<0.001

0.085

0.397

Non-high-density lipoprotein
cholesterol ≥130 mg/dl (%)

62.0 (0.8)

61.8 (2.9)

62.2 (3.6)

53.9 (3.9)

0.946

0.951

0.048

Low-density lipoprotein
cholesterol ≥2.59 mmol/L* (%)

67.7 (0.9)

69.0 (4.0)

72.4 (4.9)

61.1 (6.0)

0.747

0.350

0.290

C-reactive protein >3 mg/l (%)

30.1 (0.7)

48.8 (3.1)

22.9 (2.5)

34.1 (4.6)

<0.001

0.010

0.371

FPG ≥7.0 mmol/L or diagnosed
diabetes† (%)

9.1 (0.7)

25.8 (3.7)

3.2 (0.7)

10.0 (1.8)

<0.001

<0.001

0.678

Diagnosed diabetes (%)

6.1 (0.5)

18.6 (2.3)

3.9 (0.6)

7.3 (1.3)

<0.001

0.002

0.414

Body mass index ≥30 kg/m2 (%)

35.4 (1.0)

51.4 (2.9)

21.6 (2.7)

30.0 (4.0)

<0.001

<0.001

0.206

Abdominal obesity (%)

53.7 (1.1)

65.1 (2.9)

35.8 (2.9)

50.2 (4.0)

<0.001

<0.001

0.434

Leisure-time physical activity
<150 min/week (%)

59.9 (1.5)

69.9 (2.8)

55.3 (3.0)

65.3 (4.3)

0.004

0.210

0.225

Congestive heart failure (%)

0.8 (0.1)

3.2 (0.8)

0.9 (0.2)

—§

0.003

0.550

0.069

0.004

0.012

<0.001

10-Year cardiovascular risk†
<10%

77.3 (0.9)

68.9 (3.9)

73.2 (2.3)

68.9 (2.7)

10-20%

14.6 (1.0)

16.4 (2.8)

15.4 (2.2)

14.4 (2.6)

>20%

8.1 (0.5)

14.7 (2.3)

11.4 (1.2)

16.7 (2.0)

OI obstructive impairment.
*Fasting subsample. Sample sizes are 2537, 220, 270, and 180, respectively.
†Fasting subsample. Sample sizes are 2581, 227, 272, and 183, respectively.
‡P-values are for comparison with participants with no respiratory impairment.
§Relative standard error >30%.
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Figure 1 Age-adjusted percentages (standard error) of selected cardiovascular factors among 7249 U.S. adults aged 20-79 years, by
categories of respiratory impairment based on prebronchodilator data, National Health and Nutrition Examination Survey 2007-2010.
OI = obstructive impairment.

Table 2 Adjusted* prevalence ratios (95% confidence interval) for cardiovascular risk factors among 7249 U.S. adults
aged 20–79 years, by categories of respiratory impairment based on prebronchodilator data, National Health and
Nutrition Examination Survey 2007-2010
Respiratory impairment
Obstructive impairment
None

Restrictive

Mild

Moderate/severe/ very severe

P†

Current smoking

1.00

1.23 (1.01, 1.51)

1.68 (1.40, 2.00)

2.26 (1.90, 2.70)

<0.001

Cotinine >10 ng/ml

1.00

1.23 (1.04, 1.46)

1.62 (1.37, 1.90)

2.00 (1.69, 2.36)

<0.001

Hypertension

1.00

0.99 (0.86, 1.15)

1.00 (0.88, 1.15)

1.03 (0.88, 1.21)

0.974

Total cholesterol ≥5.17 mmol/L

1.00

0.91 (0.78, 1.06)

0.90 (0.80, 1.02)

0.85 (0.73, 0.99)

0.068

High-density lipoprotein cholesterol
<40 mg in men, <1.29 mmol/L in women

1.00

1.18 (1.04, 1.34)

0.95 (0.78, 1.16)

1.04 (0.85, 1.26)

0.188

Non-high-density lipoprotein cholesterol ≥130 mg/dl

1.00

0.92 (0.83, 1.01)

0.93 (0.84, 1.02)

0.86 (0.78, 0.95)

0.017

Low-density lipoprotein cholesterol ≥2.59 mmol/L‡

1.00

0.95 (0.84, 1.08)

1.00 (0.89, 1.13)

0.91 (0.80, 1.04)

0.514

C-reactive protein >3 mg/l

1.00

1.21 (1.05, 1.40)

1.02 (0.89, 1.18)

1.17 (1.03, 1.33)

0.014

Diagnosed diabetes

1.00

1.84 (1.40, 2.41)

0.70 (0.50, 0.99)

1.01 (0.68, 1.51)

<0.001

Diagnosed diabetes of fasting plasma glucose
≥7.0 mmol/L§

1.00

1.65 (1.19, 2.30)

0.45 (0.30, 0.68)

0.83 (0.54, 1.27)

<0.001

Body mass index ≥30 kg/m2

1.00

1.16 (1.03, 1.30)

0.60 (0.50, 0.72)

0.83 (0.68, 1.01)

<0.001

Abdominal obesity

1.00

1.07 (0.99, 1.16)

0.75 (0.69, 0.83)

0.96 (0.86, 1.07)

<0.001

Leisure-time physical activity <150 min/week

1.00

1.05 (0.97, 1.14)

0.99 (0.89, 1.10)

1.05 (0.97, 1.13)

0.479

*Adjusted for age, gender, race or ethnicity, educational status, smoking status (except for cotinine concentration), cotinine concentration (except smoking status),
systolic blood pressure (except hypertension), high-density lipoprotein cholesterol concentration (except non-high-density lipoprotein cholesterol concentration),
non-high-density lipoprotein cholesterol concentration (except high-density lipoprotein cholesterol), C-reactive protein concentration, diagnosed diabetes, body
mass index (except waist circumference), waist circumference (except body mass index), leisure-time physical activity, and history of congestive heart failure.
Hypercholesterolemia was adjusted for all above factors except non-high-density lipoprotein cholesterol. Low-density lipoprotein cholesterol was adjusted for all
factors except non-high-density lipoprotein cholesterol.
†P-value for Satterthwaite adjusted F-test.
‡Sample size is 3207.
§Sample size is 3263.
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Table 3 Adjusted prevalence ratios (95% confidence interval) for 10-year cardiovascular risk >20% among U.S. adults,
by categories of respiratory impairment based on prebronchodilator data, National Health and Nutrition Examination
Survey 2007-2009
Respiratory impairment
Obstructive impairment (OI)
None

Restrictive

Mild

Moderate/severe/very severe

224 / 902

53 / 123

61 / 169

53 / 117

57

60

60

60

Age 50–74 years
No. risk >20% / no. at risk*
Median age (years)
Unadjusted prevalence (standard error) (%)

16.5 (1.2)

34.4 (5.6)

24.3 (4.1)

38.5 (4.5)

Unadjusted prevalence ratio

1.00

2.08 (1.54, 2.80)

1.47 (1.04, 2.09)

2.33 (1.72, 3.15)

Adjusted prevalence ratio†

1.00

1.64 (1.16, 2.31)

1.56 (1.13, 2.15)

2.19 (1.62, 2.97)

199 / 640

49 / 99

56 / 143

46 / 95

61

62

61

63

Age 55–74 years
No. risk >20% / no. at risk*
Median age (years)
Unadjusted prevalence (standard error) (%)

23.1 (1.7)

41.5 (6.7)

26.7 (4.8)

43.8 (5.4)

Unadjusted prevalence ratio

1.00

1.79 (1.34, 2.41)

1.16 (0.82, 1.63)

1.90 (1.36, 2.63)

Adjusted prevalence ratio†

1.00

1.40 (0.98, 1.99)

1.22 (0.90, 1.64)

1.84 (1.36, 2.50)

*Unweighted numbers.
†Adjusted for race or ethnicity, education, body mass index, C-reactive protein, and leisure-time physical activity.

administrative databases were more likely to have diabetes, hypertension, and hyperlipidemia and to be obese
than patients without COPD [6]. In the Copenhagen
City Heart Study, the GOLD classification system was
used to establish the respiratory status of participants
[20]. The unadjusted percentages of elevated concentrations of HbA1c and C-reactive protein as well as the
mean concentration of total cholesterol, mean systolic
blood pressure, mean body mass index, and current
smoking were higher in 1036 participants with COPD
than in 4854 without COPD. However, many of the differences were likely attributable to the much higher
mean age in participants with COPD. An analysis of
patients with COPD from the United Kingdom identified
from the General Practice Research Database reported
that patients with COPD were more likely to be underweight, less likely to be obese, and less likely to have
hypertension than patients without COPD [10]. In another study that used spirometric testing to establish the
COPD status, hypertensive patients with COPD
(N=1622) were more likely to smoke and have a higher
mean systolic blood pressure than hypertensive patients
without COPD (N=1184), but the prevalence of diabetes
in the two groups did not differ significantly [9]. In a Korean study of 4001 participants aged ≥18 years, those
with obstructive lung function had a higher unadjusted
mean waist circumference, systolic blood pressure,
diastolic blood pressure, and higher concentrations of
glucose and triglycerides but lower concentration of
high-density lipoprotein cholesterol [21]. Thus, the available data do not paint a consistent picture about risk

factors for cardiovascular disease among people with
COPD. Some of the inconsistency may be attributable to
differences in methods used to identify participants with
COPD (identification from administrative data bases,
use of pulmonary function test to categorize COPD status), sample size of the studies, definition of risk factors
(self-reported data, administrative data bases, measured
data), or other characteristics of study populations. Our
results confirm that advanced age and a high prevalence
of smoking are the two factors that contribute substantially to the risk for cardiovascular disease among U.S.
adults with COPD.
Little information about predicted cardiovascular risk
in function of pulmonary function status is available. In
an Italian study of 12933 participants aged ≥35 years,
the CUORE risk score was not significantly associated
with the ratio of FEV1/FVC [22].
People with an obstructive impairment continued to
smoke at high rates. Consequently, smoking cessation
efforts are critical to reducing the risk for cardiovascular
disease among these people. A large body of research
has examined the effectiveness of numerous approaches
to smoking cessation such as clinical interventions (including behavioral approaches and medications), system
interventions, and quitlines [23]. Despite this large body
of research concerning the best approaches to initiate
and sustain smoking cessation, the report “Treating
Tobacco Use and Dependence: 2008 Update” acknowledged the need for additional research concerning the
effectiveness of counseling among people with COPD. In
view of the strong link between smoking and COPD and
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the high rates of smoking among people with COPD,
such research is urgently needed. A meta-analysis of randomized controlled trials found that the combination of
smoking cessation counseling plus the use of nicotine
replacement therapy yielded the best rate of smoking
cessation, followed by the combination of smoking cessation counseling plus the use of antidepressant medications, and smoking cessation counseling alone [24].
Among patients with COPD, both intensive counseling
and pharmacotherapy yielded superior cost-effectiveness
compared to minimal counseling [25].
Previous studies have shown that COPD is associated
with increased concentrations of C-reactive protein [2628]. Our analysis found that concentrations of C-reactive
protein were elevated in adults with moderate or severe
COPD but not in those with a mild obstructive impairment. Because C-reactive protein is considered to be a
risk factor for cardiovascular disease [29], the presence
of a systemic inflammatory component as evidenced by
elevated concentrations of C-reactive protein in people
with COPD may help to explain the increased risk for
cardiovascular disease in this population.
In addition to excess levels of smoking and elevated
concentrations of C-reactive protein, several additional
physiological disruptions may contribute to the
increased risk for cardiovascular disease in people with
COPD including increased circulating platelet-monocyte
aggregates [30], impaired coronary blood flow [31],
endothelial dysfunction [32,33], coagulation abnormalities [32], oxidative stress [34], and increased arterial
stiffness [35].
The impact of medications used to treat COPD provides another possible explanation for the increased risk
for cardiovascular disease [36]. Evidence has been presented that the use of short-acting anticholinergic agents
may increase mortality from cardiovascular disease [37].
The data concerning the effect of long-acting anticholinergic agents on adverse cardiovascular events has generated intense discussion [38-43]. Furthermore, a metaanalysis of randomized controlled trials concluded that
the use of beta-2-agonists increased cardiovascular
events [44]. Studies concerning the possible effect of
inhaled corticosteroids on cardiovascular outcomes have
yielded conflicting data with observational studies showing a possible benefit from the use of these agents and
data from randomized controlled trials showing no
such effect [45]. Because patients with COPD are susceptible to acute exacerbations of their disease in part
from respiratory infections, some classes of antibiotics
used to treat these infections such as macrolides and
quinolones could conceivably result in adverse cardiovascular events [46].
Our results suggest that people with a mild obstructive
impairment do not have a particularly adverse set of
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cardiometabolic risk factors compared to people
with normal respiratory function. Thus, the clinical approach to cardiovascular risk reduction in this population should be similar as that for the general population
[47-52]. Although research concerning management of
cardiovascular risk factors specifically in patients with
COPD is limited, some data suggest that the use of betablockers in patients may reduce cardiovascular morbidity and mortality. In a study of 1205 patients with COPD
undergoing vascular surgery, beta-blocker therapy, particularly high-dose therapy, was associated with reduced
mortality [53]. In addition, the use of angiotensinconverting enzyme inhibitors and angiotensin receptor
blockers have also been shown to reduce cardiovascular
events in cohorts of patients with COPD [54]. Interestingly, some treatments for COPD may provide cardiovascular benefits to patients with COPD. For example,
pulmonary rehabilitation in patients with COPD was
associated with improvements in aortic pulse wave velocity, blood pressure, and concentration of total cholesterol [55].
Our analyses of the prebronchodilator data indicated
that the prevalence of hypercholesterolemia was somewhat lower among participants with at least moderate
obstructive impairment. The explanation for this finding
is unclear, and it could represent a spurious finding. The
age-adjusted self-reported use of cholesterol-lowering
medications and mean intakes of saturated fat and polyunsaturated fat were similar for participants with normal
lung function and those with at least moderate obstructive impairment (data not shown). Results from other
studies yield mixed evidence about a reduced prevalence
of hypercholesterolemia among adults with COPD. In a
large study from Canada, 7.9% of patients with COPD
and 10.9% of patients without COPD had hypercholesterolemia, a difference which was significantly different
[7]. Mean concentrations of low-density lipoprotein
cholesterol were also lower in a population of patients
with COPD evaluated for lung transplantation [56]. In
contrast in a Danish study, unadjusted mean concentrations of total cholesterol were positively associated with
severity of COPD [20]. In an Italian study, unadjusted
mean concentrations of total cholesterol and low-density
lipoprotein cholesterol did not differ between participants with and without COPD [9]. Also, unadjusted
mean concentrations of total cholesterol and low-density
lipoprotein cholesterol did not differ significantly between patients with emphysema and those without this
condition in another study [57].
In recent years, the potential role of treatment
with statins in reducing morbidity and mortality
among people with COPD has drawn substantial interest
[58-60]. The use of statins to manage hypercholesterolemia should yield similar benefits in people with COPD
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as in those without this condition. Because statins have
been shown to have pleiotropic actions including antiinflammatory and antioxidant effects [61] and because
COPD has a powerful inflammatory component [62],
statins could conceivably modulate the inflammation
unleashed by COPD. Whether statins will reduce cardiovascular morbidity and mortality in people with COPD
to the same extent as in people without COPD or
whether there is an added benefit to the use of statins in
people with COPD remains a question to be addressed
by future randomized controlled trials. Of note is that a
recent study showed that the use of statins was associated with interstitial lung disease among smokers [63].
A heterogeneous set of disorders can produce a restrictive pattern on spirometry [64]. These disorders can
be broadly grouped into three categories: decreased lung
compliance (interstitial lung disease, pneumonia, sarcoidosis, acute respiratory distress syndrome), decreased
muscle strength (neuromuscular disease, dysfunction of
diaphragm, injury of the phrenic nerve), and extrapulmonary disease (pleural effusion, pleural thickening,
obesity, metabolic syndrome, kyphoscoliosis). In turn,
some of these conditions such as interstitial lung disease
have a lengthy list of etiologies.
Observational studies have shown that people with a
restrictive impairment have an increased mortality rate
from all-causes as well as diseases of the circulatory system [65]. Yet, the cardiovascular risk profile of people
with restrictive impairment has not been well characterized. In an analysis of 4320 U.S. adults aged 25–74, participants with a restrictive impairment were more likely
to be current smokers, be obese, have hypertension, and
have diabetes than participants without restriction [65].
A study of 121,965 French participants showed that a restrictive ventilator pattern was associated with several
factors (lipids, glucose-blood pressure, and abdominal
obesity) derived from a factor analysis of cardiometabolic variables [66]. Furthermore, adults with a restrictive impairment also show evidence of inflammation [27].
In our analysis, the presence of a number of cardiometabolic abnormalities (increased body mass index, low
high-density lipoprotein cholesterol, increased diabetes,
elevated C-reactive protein) among the adults with a
restrictive impairment is broadly consistent with the
aforementioned studies and suggests that these adults
are at increased risk for cardiovascular disease. Although
our analyses did not specifically examine the association
between metabolic syndrome and restrictive ventilatory
pattern, the significant associations between several of
the cardiovascular risk factors and restrictive impairment is consistent with previous studies that have
reported associations between metabolic syndrome and
restrictive impairment [21,66-69]. The general profile of
these adults suggests that, as a group, they might benefit
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from weight management, improved nutrition, and
increased physical activity in addition to smoking
cessation. Furthermore, pharmacotherapy to address
hyperglycemia or raise concentrations of high-density
lipoprotein cholesterol may help to lessen the cardiovascular risk in these adults.
The major strength of this study is the large nationally
representative study population of U.S. adults with spirometry and cardiovascular measurements. The principal
limitation of our study was the very small number of
adults with a very severe obstructive impairment. Therefore, we were unable to generate results for this specific
group. Even the number of adults with severe obstructive impairment proved to be limited leading us to group
moderate, severe, and very severe obstructive impairment together.
Although the results based on postbronchodilator data
in large measure were similar to the results based on
prebronchodilator data, these postbronchodilator results
should be cautiously interpreted given the substantial
attrition of attendance with 25% of participants aged
20–79 years excluded for safety reasons and another
21% of participants not having the postbronchodilator
examination. The safety exclusions included a number
of reasons that excluded a number of participants at
increased risk for cardiovascular disease: uncontrolled
blood pressure, irregular pulse on examination, taking
medication for major arrhythmia, implanted defibrillator,
and current treatment for cardiac disease.
Addressing the cardiovascular risk factors among persons with restrictive or obstructive pulmonary function
would provide support to the federal interagency Million
Hearts Initiative to prevent 1 million heart attacks and
strokes over the next 5 years [70,71]. The proposed effective clinical services that could reduce cardiovascular
disease risk, morbidity, and mortality in this patient
population include aspirin therapy, blood pressure
control, cholesterol management, and smoking cessation
[71]. This initiative has been expanded to include
community-level policies and programs designed to reduce exposure to tobacco use, policies to reduce sodium
content of food, and policies to eliminate artificial trans
fatty acids from the diet [70].

Conclusion
The high prevalence of smoking among adults with an
obstructive impairment was the principal abnormal cardiovascular risk factor, whereas a broader set of cardiometabolic abnormalities among adults with a restrictive
impairment contributes to the risk for cardiovascular
disease. Although both groups with impaired lung functioning would benefit from smoking cessation, many
adults with a restrictive impairment require management
of other cardiometabolic factors as well. By providing
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insights about the status of cardiovascular risk factors
that may be partially responsible for the excess morbidity and mortality from cardiovascular disease among
adults with obstructive and restrictive lung disease, our
results may help to increase the understanding of how
best to manage cardiovascular risk in these adults.

Page 10 of 12

2.

3.

4.
5.

Additional file
6.
Additional file 1: Table S1. Age-adjusted means and percentages
(standard error) of sociodemographic and cardiovascular factors among
6816 U.S. adults aged 20-79 years, by categories of respiratory
impairment based on postbronchodilator data, National Health and
Nutrition Examination Survey 2007-2010. Table S2. Adjusted* prevalence
ratios (95% confidence interval) for cardiovascular risk factors among
6816 U.S. adults aged 20-79 years, by categories of respiratory
impairment based on postbronchodilator data, National Health and
Nutrition Examination Survey 2007-2010. Table S3. Adjusted prevalence
ratios (95% confidence interval) for 10-year cardiovascular risk >20%
among U.S. adults, by categories of respiratory impairment based on
postbronchodilator data, National Health and Nutrition Examination
Survey 2007-2010.

7.

8.

9.

10.
Abbreviations
COPD: Chronic obstructive pulmonary disease; FEV1: Forced expiratory
volume in one second; FVC: Forced vital capacity; GOLD: Global Initiative for
Chronic Obstructive Lung Disease; NHANES: National Health and Nutrition
Examination Survey.

11.

12.
Competing interests
The authors declare that they have no competing interests.
13.
Authors’ contributions
EF was responsible for the concept and design of the study and took the
lead analyzing the data and in drafting the manuscript. AW, DMM, and CL
provided critical input in data analysis and interpretation and provided
critical revision of the manuscript for important intellectual content. LP-C
provided critical revision of the manuscript for important intellectual content.
JC provided critical input in data analysis and interpretation, provided critical
revision of the manuscript for important intellectual content, and supervised
the study. EF is the guarantor, had full access to the data in the study, and
takes responsibility for the integrity of the data and the accuracy of the data
analysis. All authors read and approved the final manuscript.
Disclaimer
The findings and conclusions in this article are those of the authors and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.
Author details
1
Division of Population Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, GA, USA. 2Department of Preventive Medicine and
Environmental Health, University of Kentucky College of Public Health,
Lexington, KY, USA. 3Division of Behavioral Surveillance, Public Health
Surveillance Program Office, Office of Surveillance, Epidemiology, and
Laboratory Services, Centers for Disease Control and Prevention, Atlanta, GA,
USA. 4Centers for Disease Control and Prevention, 4770 Buford Highway, MS
K67, Atlanta, GA 30341, USA.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Received: 5 October 2012 Accepted: 10 December 2012
Published: 13 December 2012
References
1. Kochanek KD, Xu J, Murphy SL, Miniño AM, Kung HC: Deaths: Preliminary
Data for 2009. Natl Vital Stat Rep 2011, 59:1–51.

23.

Ford ES, Mannino DM, Zhao G, Li C, Croft JB: Changes in mortality among
US adults with COPD in two national cohorts recruited from 1971–1975
and 1988–1994. Chest 2012, 141:101–110.
Hansell AL, Walk JA, Soriano JB: What do chronic obstructive pulmonary
disease patients die from? A multiple cause coding analysis. Eur Respir J
2003, 22:809–814.
Huiart L, Ernst P, Suissa S: Cardiovascular morbidity and mortality in
COPD. Chest 2005, 128:2640–2646.
Mapel DW, Dedrick D, Davis K: Trends and cardiovascular co-morbidities
of COPD patients in the Veterans Administration Medical System,
1991–1999. COPD 2005, 2:35–41.
Sidney S, Sorel M, Quesenberry CP Jr, DeLuise C, Lanes S, Eisner MD: COPD
and incident cardiovascular disease hospitalizations and mortality:
Kaiser Permanente Medical Care Program. Chest 2005,
128:2068–2075.
Curkendall SM, DeLuise C, Jones JK, Lanes S, Stang MR, Goehring E Jr, She
D: Cardiovascular disease in patients with chronic obstructive pulmonary
disease, Saskatchewan Canada cardiovascular disease in COPD patients.
Ann Epidemiol 2006, 16:63–70.
Johnston AK, Mannino DM, Hagan GW, Davis KJ, Kiri VA: Relationship
between lung function impairment and incidence or recurrence of
cardiovascular events in a middle-aged cohort. Thorax 2008, 63:599–605.
Mazza A, Zamboni S, Rubello D, Schiavon L, Zorzan S, Casiglia E: Chronic
obstructive pulmonary disease and cardiovascular mortality in elderly
subjects from general population. Blood Press 2010, 19:67–74.
Schneider C, Bothner U, Jick SS, Meier CR: Chronic obstructive pulmonary
disease and the risk of cardiovascular diseases. Eur J Epidemiol 2010,
25:253–260.
Hole DJ, Watt GC, Davey-Smith G, Hart CL, Gillis CR, Hawthorne VM:
Impaired lung function and mortality risk in men and women: findings
from the Renfrew and Paisley prospective population study. BMJ 1996,
313:711–715.
Sin DD, Wu L, Man SF: The relationship between reduced lung function
and cardiovascular mortality: a population-based study and a systematic
review of the literature. Chest 2005, 127:1952–1959.
Centers for Disease Control and Prevention: Smoking-attributable
mortality, years of potential life lost, and productivity losses-United
States, 2000–2004. MMWR Morb Mortal Wkly Rep 2008, 57:1226–1228.
Centers for Disease Control and Prevention: About the National Health and
Nutrition Examination Survey. http://www.cdc.gov/nchs/nhanes/
about_nhanes.htm.
Centers for Disease Control and Prevention: Spirometry - 1st Test & 2nd Test
Bronchodilator Studies. http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/
SPX_F.htm.
Centers for Disease Control and Prevention: Spirometry - 1st Test & 2nd Test
Bronchodilator Studies. http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/
SPX_E.htm.
Hankinson JL, Odencrantz JR, Fedan KB: Spirometric reference values from
a sample of the general U.S. population. Am J Respir Crit Care Med 1999,
159:179–187.
Global Initiative for Chronic Obstructive Lung Disease: Global Strategy for the
Diagnosis, Management and Prevention of COPD. Revised 2011.
http://www.goldcopd.org/.
D'Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM,
Kannel WB: General cardiovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation 2008, 117:743–753.
Lange P, Mogelvang R, Marott JL, Vestbo J, Jensen JS: Cardiovascular
morbidity in COPD: A study of the general population. COPD 2010,
7:5–10.
Paek YJ, Jung KS, Hwang YI, Lee KS, Lee DR, Lee JU: Association between
low pulmonary function and metabolic risk factors in Korean adults: the
Korean National Health and Nutrition Survey. Metabolism 2010,
59:1300–1306.
Arcari A, Magnacca S, Bracone F, Costanzo S, Persichillo M, Di CA, De CA,
Zito F, Schunemann HJ, Donati MB, et al: Relation between pulmonary
function and 10-year risk for cardiovascular disease among healthy men
and women in Italy: the Moli-sani Project. Eur J Prev Cardiol 2012,
in press. PMID:22609891.
The 2008 PHS Guideline Update Panel, Liaisons, and Staff: Treating Tobacco
use and dependence: 2008 update. Clinical practice guideline.
http://www.ahrq.gov/path/tobacco.htm.

Ford et al. Respiratory Research 2012, 13:115
http://respiratory-research.com/content/13/1/115

24. Strassmann R, Bausch B, Spaar A, Kleijnen J, Braendli O, Puhan MA: Smoking
cessation interventions in COPD: a network meta-analysis of randomised
trials. Eur Respir J 2009, 34:634–640.
25. Hoogendoorn M, Feenstra TL, Hoogenveen RT, Rutten-van Molken MP:
Long-term effectiveness and cost-effectiveness of smoking cessation
interventions in patients with COPD. Thorax 2010,
65:711–718.
26. Sin DD, Man SF: Why are patients with chronic obstructive pulmonary
disease at increased risk of cardiovascular diseases? The potential role of
systemic inflammation in chronic obstructive pulmonary disease.
Circulation 2003, 107:1514–1519.
27. Mannino DM, Ford ES, Redd SC: Obstructive and restrictive lung disease
and markers of inflammation: data from the Third National Health and
Nutrition Examination. Am J Med 2003, 114:758–762.
28. Pinto-Plata VM, Mullerova H, Toso JF, Feudjo-Tepie M, Soriano JB, Vessey RS,
Celli BR: C-reactive protein in patients with COPD, control smokers and
non-smokers. Thorax 2006, 61:23–28.
29. Kaptoge S, Di AE, Lowe G, Pepys MB, Thompson SG, Collins R, Danesh J:
C-reactive protein concentration and risk of coronary heart disease,
stroke, and mortality: an individual participant meta-analysis.
Lancet 2010, 375:132–140.
30. Maclay JD, McAllister DA, Johnston S, Raftis J, McGuinnes C, Deans A,
Newby DE, Mills NL, MacNee W: Increased platelet activation in patients
with stable and acute exacerbation of COPD. Thorax 2011, 66:769–774.
31. Selcuk H, Maden O, Selcuk MT, Celenk MK, Geyik B, Tufekcioglu O:
Documentation of impaired coronary blood flow in chronic obstructive
pulmonary disease patients. Circ J 2010, 74:346–352.
32. Cella G, Sbarai A, Mazzaro G, Vanzo B, Romano S, Hoppensteadt T, Fareed J:
Plasma markers of endothelial dysfunction in chronic obstructive
pulmonary disease. Clin Appl Thromb Hemost 2001, 7:205–208.
33. Moro L, Pedone C, Scarlata S, Malafarina V, Fimognari F, Antonelli-Incalzi R:
Endothelial dysfunction in chronic obstructive pulmonary disease.
Angiology 2008, 59:357–364.
34. Maclay JD, McAllister DA, MacNee W: Cardiovascular risk in chronic
obstructive pulmonary disease. Respirology 2007, 12:634–641.
35. Maclay JD, McAllister DA, Mills NL, Paterson FP, Ludlam CA, Drost EM,
Newby DE, MacNee W: Vascular dysfunction in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2009, 180:513–520.
36. Sin DD, Man SF: Impact of cancers and cardiovascular diseases in chronic
obstructive pulmonary disease. Curr Opin Pulm Med 2008, 14:115–121.
37. Ogale SS, Lee TA, Au DH, Boudreau DM, Sullivan SD: Cardiovascular events
associated with ipratropium bromide in COPD. Chest 2010, 137:13–19.
38. Singh S, Loke YK, Furberg CD: Inhaled anticholinergics and risk of major
adverse cardiovascular events in patients with chronic obstructive
pulmonary disease: a systematic review and meta-analysis. JAMA 2008,
300:1439–1450.
39. Oba Y, Zaza T, Thameem DM: Safety, tolerability and risk benefit analysis
of tiotropium in COPD. Int J Chron Obstruct Pulmon Dis 2008, 3:575–584.
40. Rodrigo GJ, Castro-Rodriguez JA, Nannini LJ, Plaza MV, Schiavi EA:
Tiotropium and risk for fatal and nonfatal cardiovascular events in
patients with chronic obstructive pulmonary disease: systematic review
with meta-analysis. Respir Med 2009, 103:1421–1429.
41. Sindi A, McIvor A: The use of inhaled anticholinergics in chronic
obstructive pulmonary disease: is there cause for concern? A review of
evidence from clinical trials. Pol Arch Med Wewn 2009, 119:74–78.
42. Hilleman DE, Malesker MA, Morrow LE, Schuller D: A systematic review of
the cardiovascular risk of inhaled anticholinergics in patients with COPD.
Int J Chron Obstruct Pulmon Dis 2009, 4:253–263.
43. Celli B, Decramer M, Leimer I, Vogel U, Kesten S, Tashkin DP: Cardiovascular
safety of tiotropium in patients with COPD. Chest 2010, 137:20–30.
44. Salpeter SR, Ormiston TM, Salpeter EE: Cardiovascular effects of
beta-agonists in patients with asthma and COPD: a meta-analysis.
Chest 2004, 125:2309–2321.
45. Loke YK, Kwok CS, Singh S: Risk of myocardial infarction and
cardiovascular death associated with inhaled corticosteroids in COPD.
Eur Respir J 2010, 35:1003–1021.
46. Owens RC Jr, Nolin TD: Antimicrobial-associated QT interval prolongation:
pointes of interest. Clin Infect Dis 2006, 43:1603–1611.
47. National Institutes of Health: Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults-the
evidence report. Obes Res 1998, 6(Suppl 2):51S–209S.

Page 11 of 12

48. U.S.Department of Health and Human Services: National Institutes of
Health, National Heart LaBI. In The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. 2004.
49. Executive Summary of The Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, And
Treatment of High Blood Cholesterol In Adults (Adult Treatment
Panel III). JAMA 2001, 285:2486–2497.
50. Pearson TA, Blair SN, Daniels SR, Eckel RH, Fair JM, Fortmann SP, Franklin BA,
Goldstein LB, Greenland P, Grundy SM, et al: AHA Guidelines for Primary
Prevention of Cardiovascular Disease and Stroke: 2002 Update:
Consensus Panel Guide to Comprehensive Risk Reduction for Adult
Patients Without Coronary or Other Atherosclerotic Vascular Diseases,
American Heart Association Science Advisory and Coordinating
Committee. Circulation 2002, 106:388–391.
51. Becker RC, Meade TW, Berger PB, Ezekowitz M, O'Connor CM, Vorchheimer
DA, Guyatt GH, Mark DB, Harrington RA: The primary and secondary
prevention of coronary artery disease: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition).
Chest 2008, 133:776S–814S.
52. Goldstein LB, Bushnell CD, Adams RJ, Appel LJ, Braun LT, Chaturvedi S,
Creager MA, Culebras A, Eckel RH, Hart RG, et al: Guidelines for the primary
prevention of stroke: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association.
Stroke 2011, 42:517–584.
53. van Gestel YR, Hoeks SE, Sin DD, Welten GM, Schouten O, Witteveen HJ,
Simsek C, Stam H, Mertens FW, Bax JJ, et al: Impact of cardioselective betablockers on mortality in patients with chronic obstructive pulmonary
disease and atherosclerosis. Am J Respir Crit Care Med 2008,
178:695–700.
54. Mancini GB, Etminan M, Zhang B, Levesque LE, FitzGerald JM, Brophy JM:
Reduction of morbidity and mortality by statins, angiotensin-converting
enzyme inhibitors, and angiotensin receptor blockers in patients with
chronic obstructive pulmonary disease. J Am Coll Cardiol 2006,
47:2554–2560.
55. Gale NS, Duckers JM, Enright S, Cockcroft JR, Shale DJ, Bolton CE: Does
pulmonary rehabilitation address cardiovascular risk factors in patients
with COPD? BMC Pulm Med 2011, 11:20.
56. Reed RM, Iacono A, DeFilippis A, Eberlein M, Girgis RE, Jones S: Advanced
chronic obstructive pulmonary disease is associated with high levels of
high-density lipoprotein cholesterol. J Heart Lung Transplant 2011,
30:674–678.
57. Tisi GM, Conrique A, Barrett-Connor E, Grundy SM: Increased high density
lipoprotein cholesterol in obstructive pulmonary disease (predominant
emphysematous type). Metabolism 1981, 30:340–346.
58. Dobler CC, Wong KK, Marks GB: Associations between statins and COPD: a
systematic review. BMC Pulm Med 2009, 9:32.
59. Young RP, Hopkins R, Eaton TE: Potential benefits of statins on morbidity
and mortality in chronic obstructive pulmonary disease: a review of the
evidence. Postgrad Med J 2009, 85:414–421.
60. Janda S, Park K, FitzGerald JM, Etminan M, Swiston J: Statins in COPD: a
systematic review. Chest 2009, 136:734–743.
61. Balk EM, Lau J, Goudas LC, Jordan HS, Kupelnick B, Kim LU, Karas RH: Effects
of statins on nonlipid serum markers associated with cardiovascular
disease: a systematic review. Ann Intern Med 2003, 139:670–682.
62. Sin DD, Man SF: Systemic inflammation and mortality in chronic
obstructive pulmonary disease. Can J Physiol Pharmacol 2007,
85:141–147.
63. Xu JF, Washko GR, Nakahira K, Hatabu H, Patel AS, Fernandez IE, Nishino M,
Okajima Y, Yamashiro T, Ross JC, et al: Statins and pulmonary fibrosis: The
potential role of NLRP3 inflammasome activation. Am J Respir Crit Care
Med 2012, 185:547–556.
64. Hsia CC: Cardiopulmonary limitations to exercise in restrictive lung
disease. Med Sci Sports Exerc 1999, 31:S28–S32.
65. Mannino DM, Holguin F, Pavlin BI, Ferdinands JM: Risk factors for
prevalence of and mortality related to restriction on spirometry: findings
from the First National Health and Nutrition Examination Survey and
follow-up. Int J Tuberc Lung Dis 2005, 9:613–621.
66. Leone N, Courbon D, Thomas F, Bean K, Jego B, Leynaert B, Guize L, Zureik
M: Lung function impairment and metabolic syndrome: the critical role
of abdominal obesity. Am J Respir Crit Care Med 2009, 179:509–516.

Ford et al. Respiratory Research 2012, 13:115
http://respiratory-research.com/content/13/1/115

Page 12 of 12

67. Lin WY, Yao CA, Wang HC, Huang KC: Impaired lung function is associated
with obesity and metabolic syndrome in adults. Obesity (Silver Spring)
2006, 14:1654–1661.
68. Fimognari FL, Pasqualetti P, Moro L, Franco A, Piccirillo G, Pastorelli R,
Rossini PM, Incalzi RA: The association between metabolic syndrome and
restrictive ventilatory dysfunction in older persons. J Gerontol A Biol Sci
Med Sci 2007, 62:760–765.
69. Lim SY, Rhee EJ, Sung KC: Metabolic syndrome, insulin resistance and
systemic inflammation as risk factors for reduced lung function in
Korean nonsmoking males. J Korean Med Sci 2010, 25:1480–1486.
70. Frieden TR, Berwick DM: The "Million Hearts" initiative-preventing heart
attacks and strokes. N Engl J Med 2011, 365:e27.
71. Centers for Disease Control and Prevention: Million hearts: strategies to
reduce the prevalence of leading cardiovascular disease risk
factors-United States, 2011. MMWR Morb Mortal Wkly Rep 2011,
60:1248–1251.
doi:10.1186/1465-9921-13-115
Cite this article as: Ford et al.: Elevated cardiovascular risk among adults
with obstructive and restrictive airway functioning in the United States:
a cross-sectional study of the National Health and Nutrition
Examination Survey from 2007–2010. Respiratory Research 2012 13:115.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

