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BACKGROUND: We aimed to investigate the predictor role of the plasma levels of lipid param-
eters and atherogenic indices on development of atherosclerosis in subjects with COPD. METHODS:
We retrospectively analyzed 104 male subjects diagnosed with stable COPD in hospital records. We
excluded subjects with exacerbation, with known cardiovascular diseases and other chronic dis-
eases, receiving anti-hyperlipidemic treatment, without sufficient past medical history, and lacking
needed laboratory data. Additionally, 40 age-matched male healthy controls were also enrolled.
C-reactive protein, total cholesterol, triglycerides, low-density lipoprotein cholesterol, and high-
density lipoprotein cholesterol levels of COPD and the control group were analyzed. Atherogenic
indices (atherogenic index of plasma, cardiogenic risk ratio, and atherogenic coefficient) were
calculated. RESULTS: C-reactive protein, triglyceride, atherogenic index of plasma, cardiogenic
risk ratio, and atherogenic coefficient values were significantly higher in subjects with stable COPD
than in control subjects (P < .05 for all). High-density lipoprotein cholesterol level was significantly
lower in subjects with COPD than in the control group (P < .001). C-reactive protein, lipid profiles,
and atherogenic indices were similar in lower-risk (stage A and B) and higher-risk (stage C and D)
subjects with COPD. Cardiogenic risk ratio and atherogenic coefficient were negatively correlated
with FEV1 in all stable subjects with COPD and in higher-risk subjects with COPD (r � �0.27,
P � .01 and r � �0.35, P � .01, respectively). CONCLUSIONS: We concluded that atherogenic
indices (atherogenic index of plasma, cardiogenic risk ratio, atherogenic coefficient) could be con-
sidered as a useful predictor for atherosclerosis and cardiovascular diseases in stable COPD pa-
tients. Nevertheless, further prospective investigations on this issue are warranted. Key words:
atherogenic indices; atherosclerosis; cardiovascular diseases; COPD; comorbidity; lipid profile. [Respir
Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

COPD is a common preventable and treatable chronic
respiratory disease that is characterized by exertional dys-

pnea, wheeze, chronic cough, and expectoration resulting
from progressive and partially reversible air-flow limita-
tion associated with abnormal chronic inflammatory re-
sponse of the lungs to noxious particles or gases. COPD is
one of the leading causes of death and morbidity world-
wide.1 During the course of the disease, systemic conse-
quences and some concomitant diseases (such as cardio-
vascular diseases, skeletal muscle dysfunction, bronchial
malignities, metabolic syndrome, diabetes mellitus, bron-
chiectasis, infections, impaired cognitive function, and de-
pression) coexist. The relationships between cardiovascu-
lar diseases (including atherosclerosis, coronary artery
diseases, and hypertension) and COPD were investigated
in the previous studies.2-5 The main explanation for why
patients with COPD more frequently suffer from cardio-
vascular diseases is the common systemic inflammatory
pathway in the pathogenesis of both diseases.4,6 Furthermore,
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systemic low-grade chronic inflammatory processes and
oxidative stress promote the development of both athero-
sclerosis and COPD.3,4 Atherosclerosis is the major con-
tributor to cardiovascular diseases and the leading cause of
global morbidity and mortality. Several algorithms have
been established for early prediction of the presence of
cardiovascular risk factors or atherosclerosis in the litera-
ture.7-12 For these prediction algorithms, several lipoprotein
ratios or atherogenic indices (atherogenic index of plasma,
cardiogenic risk ratio, and atherogenic coefficient) have been
defined and investigated in several diseases.7,9,13,14 To the
best of our knowledge, there is no study investigating the
association between atherogenic indices in subjects with
COPD in the current literature. For this reason, in the present
study, we aimed to investigate the plasma levels of lipid
parameters and calculated atherogenic indices in subjects with
COPD as a predictor of atherosclerosis.

Methods

Subjects With COPD and Control Subjects

After obtaining local ethical committee approval and
permission from our hospital administration, this study
was conducted in the Chest Diseases Clinic, Afyon State
Hospital, between September 2014 and August 2015.

COPD was diagnosed according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) definition.1

We retrospectively searched the hospital records for all
patients who were admitted to the in-patient and out-pa-
tient chest disease clinic and diagnosed with COPD
(n � 838). Hospital records were analyzed according to
International Classification of Diseases, Tenth Revision
(ICD-10) codes of COPD: J44, J44.0, J44.1, J44.8, and
J44.9. Finally, we enrolled only 104 (12.41%) male sub-
jects with stable COPD (J44.8 and J44.9) for whom com-
plete clinical data, including past medical history, exacer-
bation status for 1 y, dyspnea perceptions evaluated with
Modified Medical Research Council and laboratory re-
cords (C-reactive protein and lipid profile, including the
total cholesterol, triglyceride, high density lipoprotein cho-
lesterol, and low density lipoprotein cholesterol), and pul-
monary function tests, could be accessed. We searched all
subjects’ recordings, including previous drug use (such as
anti-hyperlipidemic agents) on the online website of social
insurance system for doctors of Turkey (https://medec-
zane.sgk.gov.tr/doktor/) by entering the identification num-
bers of subjects. Thus, we included stable COPD subjects
who were not receiving treatment for hyperlipidemia. Ad-
ditionally, we defined stable COPD according to the def-
inition of Celli et al15 as stable symptoms with no further
need for additional medications or doses of routine inhaler
treatment for the last 3 months. Additionally, all subjects
with COPD were categorized in groups A–D according to

combined COPD risk assessment categories defined by
GOLD (by using exacerbation risk [airway obstruction
level according to FEV1, exacerbation, and hospitalization
status within the previous 1 y] and dyspnea score [Modi-
fied Medical Research Council dyspnea score]).1

Our exclusion criteria were as follows: female sex, in-
sufficient data in past medical history and laboratory data
in hospital records, and the presence of exacerbation of
COPD (defined according to Celli et al15) (ICD-10 codes
J44.0 and J44.1), use of antihyperlipidemic agents, history of
cardiovascular disease, systemic hypertension, renal failure,
chronic liver disease, cerebrovascular events, diabetes melli-
tus, obstructive sleep apnea, and inflammatory bowel disease.
Forty age-matched control subjects without any past medical
history of chronic diseases or any other risk factors or who
were referred to our out-patient chest disease clinics for their
routine check-up were included.

Pulmonary Function Test and Body Mass Index

Pulmonary function tests were conducted �3 times us-
ing the portable Spirolab III spirometer (Medical Interna-
tional Research, Waukesha, Wisconsin) in the pulmonary
function test laboratory for all control subjects and all
stable COPD subjects. The ratios of measured value to
percent-of-predicted FEV1, percent-of-predicted FVC, and
FEV1/FVC were noted. Weight (kg) and height (cm) of the
subjects written in the pulmonary function test report was
noted. Body mass index (kg/m2) was calculated as fol-
lows: body mass index � weight (kg)/(height [m])2.

QUICK LOOK

Current knowledge

During the course of COPD, systemic consequences
and some comorbid diseases, including atherogenic car-
diovascular diseases, coexist. Atherosclerosis is the ma-
jor leading cause of morbidity and mortality world-
wide. Additionally, systemic low-grade chronic
inflammation and oxidative stress are common path-
ways that promote development of both COPD and
atherosclerosis. Several algorithms have been estab-
lished for early prediction of the presence of cardiovas-
cular risk factors or atherosclerosis in the literature.

What this paper contributes to our knowledge

Our findings suggest that several lipoprotein ratios or
atherogenic indices (atherogenic index of plasma, car-
diogenic risk ratio, and atherogenic coefficient) could
be considered as an easy and useful predictor for the
development of atherosclerosis and cardiovascular dis-
eases in stable COPD patients.
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Laboratory Analysis

Laboratory data of serum C-reactive protein level and
lipid profile (total cholesterol, high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol, and triglycer-
ide) were obtained from hospital records of subjects with
stable COPD and control subjects. Atherogenic indices
were calculated by using the value of lipid profile param-
eters according to the following formulas: atherogenic in-
dex for plasma � log(triglyceride/high-density lipoprotein
cholesterol), where the concentrations of triglyceride and
high-density lipoprotein cholesterol are in mmol/L, and
calculation of the atherogenic index of plasma was per-
formed using an online calculator16; cardiogenic risk
ratio � total cholesterol/high-density lipoprotein choles-
terol; and atherogenic coefficient � (total cholesterol �
high-density lipoprotein cholesterol)/high-density lipopro-
tein cholesterol.

Statistical Analysis

SPSS 20.0 for Windows (SPSS, Chicago, Illinois) was
used to perform all statistical analysis. The distribution

status of categorical variables was analyzed by the Kolm-
ogorov-Smirnov test. Categorical variables were specified
as n (%). All continuous variables were specified as mean �
SD when normally distributed or median (interquartile
range) when not normally distributed. Proportions in the
different groups were compared by using the chi-square
test. The Student t test or Mann-Whitney U test was used
to compare 2 independent groups according to distribution
state. The Spearman’s correlation test was used to analyze
the correlation coefficients and their significance. A mul-
tiple linear regression model was used to determine inde-
pendent predictors of all atherogenic indices. P values
�.05 were set to show a statistically significant result.

Results

The characteristics, pulmonary function test results of
participants in both groups (stable COPD, n � 104; healthy
controls, n � 40), and annual exacerbation status for the
last 1 y and COPD stages of the COPD group are outlined
in Table 1. Although smoking status were statistically sim-
ilar in both groups (P � .34), cigarette consumption was
higher in subjects with stable COPD than in control subjects

Table 1. Demographic Data of All Subjects in Both COPD and Control Groups

Parameters COPD (n � 104) Control (n � 40) P

Age, mean � SD y 64.0 � 8.7 62.8 � 8.9 .43*
BMI, mean � SD kg/m2 24.72 � 3.91 25.08 � 2.66 .59*
Smoking status, n (%)

Current smoker 50 (48.1) 19 (47.5) .34†
Ex-smoker 50 (48.1) 17 (42.5)
Non-smoker 4 (3.8) 4 (10.0)

Smoking, mean � SD pack-years 44.27 � 11.38 35.76 � 12.88 �.001‡
Pulmonary function test, median (IQR)

FVC, % predicted 66.00 (29.50) 80.00 (16.50) �.001‡
FEV1, % predicted 47.5 (25.75) 82.00 (23.50) �.001‡
FEV1/FVC, % predicted 61.00 (8.00) 84.50 (11.75) �.001‡

MMRC score 2.00 (2.00) 1.00 (1.00) �.001‡
Exacerbations during previous year, median (range) 1 (0–6) NA NA
COPD stages, n (%)

Stage A 25 (24) NA NA
Stage B 19 (18.3) NA NA
Stage C 19 (18.3) NA NA
Stage D 41 (39.4) NA NA

Risk category, n (%) NA
Higher risk (groups A and B) 44 (42.3) NA NA
Lower risk (groups C and D) 60 (57.7) NA NA

* Student t test.
† Chi-square test.
‡ Mann-Whitney U test.
BMI � body mass index
IQR � interquartile range
MMRC score � Modified Medical Research Council dyspnea score
NA � not applicable
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(44.27 � 11.38 and 35.76 � 12.88, respectively, P � .001).
Modified Medical Research Council dyspnea status and stages
of stable COPD subjects are also shown in Table 1.

Serum C-reactive protein levels were significantly dif-
ferent in subjects with COPD and control subjects. Serum
C-reactive protein levels and lipid profile of the 2 groups
are outlined in Table 2. Serum high-density lipoprotein
cholesterol level was significantly lower in subjects with
stable COPD (P � .001). Serum triglyceride level was sig-
nificantly higher in subjects with stable COPD than in control
subjects (P � .002). Atherogenic indices (atherogenic index
of plasma, atherogenic coefficient, and cardiogenic risk ratio)
were significantly higher in subjects with COPD than in con-
trol subjects (P � .001, P � .002, and P � .002, respec-
tively) (see Table 2).

The serum C-reactive protein levels, serum lipid profile,
and atherogenic indices in subjects with lower risk (stage
A and B COPD) and higher risk (stage C and D COPD)
are outlined in Table 3. All parameters (C-reactive protein
and lipid profile) measured in the serum of these 2 groups and
all parameters calculated (atherogenic index of plasma, car-
diogenic risk ratio, and atherogenic coefficient) were statis-
tically similar in both groups (lower and higher risk COPD).

Correlation analysis showed that cardiogenic risk ratio
and atherogenic coefficient were negatively correlated with
FEV1 values in stable COPD subjects (r � �0.27, P � .01)
(Table 4). Additionally, FEV1 value was correlated with
cardiogenic risk ratio and atherogenic coefficient values in
subjects with higher risk COPD (r � �0.35, P � .01)
(Table 5).

Table 2. Lipid Profile and Atherogenic Indices of COPD and Control Subjects

Parameters COPD (n � 104) Control (n � 40) P

C-reactive protein, median (IQR) mg/dL 0.95 (0.63) 0.40 (0.46) �.001*
Total cholesterol, mean � SD mg/dL 176.90 � 42.09 177.59 � 42.66 .93†
HDL cholesterol, mean � SD mg/dL 40.19 � 6.92 45.82 � 7.42 �.001†
LDL cholesterol, mean � SD mg/dL 103.73 � 34.88 107.33 � 34.79 .58†
Triglycerides, mean � SD mg/dL 163.43 � 46.56 137.29 � 34.69 .002†
AIP, mean � SD 0.23 � 0.13 0.11 � 0.11 �.001†
CRR, mean � SD 4.44 � 0.94 3.91 � 0.92 .002†
AC, mean � SD 3.44 � 0.94 2.91 � 0.92 .002†

* Mann-Whitney U test.
† Student t test.
IQR � interquartile range
HDL � high-density lipoprotein
LDL � low-density lipoprotein
AIP � atherogenic indices in plasma
CRR � cardiogenic risk ratio
AC � atherogenic coefficient

Table 3. Lipid Profile and Atherogenic Indices of Subjects in Higher- and Lower-Risk COPD Groups

Parameters Lower Risk (n � 44) Higher Risk (n � 60) P

C-reactive protein, median (IQR) mg/dL 0.90 (0.50) 1.01 (0.80) .15*
Total cholesterol, mean � SD mg/dL 178.58 � 42.31 175.68 � 43.24 .73†
HDL cholesterol, mean � SD mg/dL 41.69 � 6.50 39.09 � 7.07 .058†
LDL cholesterol, mean � SD mg/dL 103.27 � 36.12 104.06 � 34.25 .91†
Triglycerides, mean � SD mg/dL 165.86 � 43.95 161.67 � 48.68 .65†
AIP 0.22 � 0.13 0.24 � 0.12 .63†
CRR 4.35 � 1.09 4.51 � 0.82 .37†
AC 3.35 � 1.09 3.51 � 0.82 .37†

Stages A and B are in the lower-risk group, and stages C and D are in the higher-risk group.
* Mann-Whitney U test.
† Student t test.
IQR � interquartile range
HDL � high-density lipoprotein
LDL � low-density lipoprotein
AIP � atherogenic indices in plasma
CRR � cardiogenic risk ratio
AC � atherogenic coefficient
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Linear regression model for atherogenic index of
plasma, cardiogenic risk ratio, and atherogenic coefficient
were calculated as follows: atherogenic index of
plasma � 0.15 � (0.15 � COPD diagnosis*) � (�0.002 �
smoking consumption [pack-years]); cardiogenic risk
ratio � 4.56 � (0.32 � COPD diagnosis*) � (�0.02 � FEV1

[% predicted]); atherogenic coefficient � 3.56 � (0.32 �
COPD diagnosis*) � (�0.01 � FEV1 [% predicted])
(*, COPD diagnosis value of 1 [if subject was diagnosed with
COPD] or 0 [control subject, not diagnosed with COPD]).

Discussion

The first main outcome of the present study is that athero-
genic lipid profiles and atherogenic indices (atherogenic
index of plasma, atherogenic coefficient, and cardiogenic
risk ratio), which were calculated from some ratios of
serum cholesterol levels, were increased more in subjects
with COPD than in healthy subjects. The other outcome is
the correlation of these atherogenic indices with air-flow
obstruction level (eg, FEV1) of subjects with higher-risk
COPD.

COPD is a known major leading cause of morbidity and
mortality worldwide.1 COPD frequently coexists with other
diseases that may have an important role in disease prog-
nosis. Cardiovascular diseases including heart failure, sys-
temic hypertension, atrial fibrillation, and ischemic and
atherosclerotic heart disease are a known major comorbid-
ity in patients with COPD.1 In the literature, a strong as-
sociation between airway obstruction in COPD and car-
diovascular disease (especially ischemic heart disease) has
been described. This association between COPD and car-
diovascular disease suggests that patients with COPD might
have a higher risk for cardiovascular disease, and patients
with cardiovascular disease might have a higher risk for
COPD.3-6,12,17 Systemic inflammatory response and its
chronicity are the recommended common pathological
pathway responsible for the development of these chronic
diseases.4 Increased level of C-reactive protein, fibrino-
gen, and other inflammatory cytokines has been investi-
gated in the development of both COPD and cardiovascu-
lar disease. Moreover, the relationship between reduced
pulmonary function and carotid intima-media thickness is
associated with atherosclerotic changes in subjects with
COPD4,18 Thus, these pathways might explain the devel-
opment of concomitant chronic diseases in the same sub-
ject.4,6,18 Although it varies in some studies, the prevalence
of ischemic heart diseases (including myocardial infarc-
tion, coronary stenosis, and angina pectoris) in subjects
with COPD was reported to be between 4.7 and 60%.3,19

Furthermore, in a population-based study, Eriksson et al20

also showed a strong relationship between COPD and isch-
emic heart diseases. They reported that COPD was asso-
ciated with ischemic heart disease (odds ratio 2.61) and
ischemic heart disease with COPD (odds ratio 2.40).

Serum levels of C-reactive protein were reported as an
inflammatory marker and indicator of disease activity in
subjects with COPD. Additionally, higher C-reactive pro-
tein levels have also been found related to higher cardio-
vascular disease risk and atherogenesis.1,3,21-23 In this study,
we also found a higher serum C-reactive protein level in
subjects with COPD than in control subjects. Additionally,
inflammation itself is associated with decreased serum high-
density lipoprotein cholesterol and increased triglyceride
level.24 Hence, ongoing low grade inflammation in stable
COPD may explain the common pathway with cardiovas-
cular disease.

In the past decade, in addition to classical atherogenic
risk factors, it was described that increases in some lipid
ratios called atherogenic indices yield advantages in iden-
tifying some individuals with chronic diseases at higher
risk of developing cardiovascular disease.7-15,25 To our
knowledge, although atherogenic indices were studied to
predict cardiovascular disease in some diseases, including
diabetes mellitus, metabolic syndrome, systemic hyperten-
sion, familial Mediterranean fever, pregnancy-induced hy-

Table 4. Correlation Analysis of Atherogenic Indices and
Obstruction Level in Dynamic Pulmonary Function Test
FEV1 Results in Subjects With COPD and Control
Subjects

Atherogenic
Indices

COPD Control

r P r P

AIP �0.04 .70 �0.08 .64
CRR �0.27 .01 �0.01 .94
AC �0.27 .01 �0.01 .94

Spearman’s correlation test results are shown.
AIP � atherogenic indices in plasma
CRR � cardiogenic risk ratio
AC � atherogenic coefficient

Table 5. Correlation Analysis of Atherogenic Indices and
Obstruction Level in Dynamic Pulmonary Function Test
FEV1 Results in Higher- and Lower-Risk Subjects With
COPD

Atherogenic
Indices

Lower Risk Higher Risk

r P r P

AIP 0.03 .86 0.01 .93
CRR �0.16 .31 �0.35 .01
AC �0.16 .31 �0.35 .01

Spearman’s correlation test results are shown. Stages A and B are in the lower-risk group, and
stages C and D are in the higher-risk group.
AIP � atherogenic indices in plasma
CRR � cardiogenic risk ratio
AC � atherogenic coefficient
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pertension, psychiatric diseases, and others, its role in
COPD had not been studied.7-13,26,27 In the present study,
we evaluated and compared atherogenic indices (athero-
genic index of plasma, cardiogenic risk ratio, and athero-
genic coefficient) in addition to the serum lipid parameters
in subjects with COPD and in control subjects. We found
that serum level of triglyceride and all atherogenic indices
were significantly higher and serum high-density lipopro-
tein levels were significantly lower in subjects with stable
COPD than in control subjects. These findings were par-
allel with the results of the previous studies.7-13,26,27 We
additionally found that these lipid levels and atherogenic
indices did not differ in lower- or higher-risk groups for
exacerbation.

Additionally, epidemiological data showed a strong re-
lationship between air-flow limitation and cardiovascular
disease.3,17 In this study, we also found a negative corre-
lation between air-flow limitation levels (FEV1) of COPD
and both cardiogenic risk ratio and atherogenic coefficient.

In the literature, Arumalla et al28 studied the effect of
the smoking status of subjects on cardiogenic risk ratio
and atherogenic index of plasma. They reported a signif-
icant relationship between smoking status (smoker or non-
smoker) and atherogenic indices. In our study, smoking
status was similar in COPD and control subjects. We found
that the amount of cigarette consumption was significantly
higher in the COPD group than in control subjects. Addi-
tionally, a multiple linear regression model for all athero-
genic indices showed that smoking consumption amount is
one of the independent predictors for the atherogenic in-
dex of plasma.

There are several limitations in the present study that
should be specified. One is its retrospective design. An-
other important limitation is its cross-sectional design,
which is not the best way to evaluate any causal relation-
ship. Another limitation is the inclusion of only male par-
ticipants. In this study, we excluded female patients because
of the effect of menopause on estrogen levels and its effect
on lipid profile of female subjects.29 Due to the retrospec-
tive design of the study, we excluded all female patients
due to unknown menopausal status. We assumed that fur-
ther prospective designed studies could overcome all of
these limitations.

Conclusions

Novel atherogenic indices are warranted to predict
atherogenic cardiovascular disease earlier in subjects with
COPD. To the best of our knowledge, this is the first pilot
study demonstrating the increased levels of atherogenic
indices in subjects with COPD. Hence, we believe that
atherogenic indices, including atherogenic index of
plasma, cardiogenic risk ratio, and atherogenic coeffi-
cient, could be considered as a novel and useful tool to

predict susceptibility to cardiovascular disease in sub-
jects with COPD. However, further prospective studies
with larger sample sizes are required to confirm and
explore these results.
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