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Atherogenic index of Plasma and LDL/HDL ratio in Patients
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ABSTRACT

Background: Atherogenic index of plasma (AIP) and LDL/HDL ratio was considered as a strong predictor in the
development of cardiovascular diseases (CVDs) particularly in patients with chronic obstructive pulmonary
disease (COPD). The present study aimed to determine the AIP and LDL/HDL ratio in patient with COPD and to
find out the risk of CVDs in these patients.

Materials and Methods: This single centered cross-sectional study was conducted in the department of
pulmonology, Khyber Teaching Hospital Peshawar. 150 COPD patients were enrolled in the study according to
the GOLD guidelines. Fasting blood sample was withdrawn for biochemical analysis. Body mass index (BMI),
atherogenic index of plasma (AIP) and LDL/HDL ratio were calculated as per protocols previously described. All
the data was entered in SPSS version 22.0. Independent sample t-test and Pearson correlation was applied to
establish was applied to determine any correlation between study variables.

Results: Mean age was 57.34 + 9.6 years. Out of 150 COPD patients, 62 (41.3%) were females while 88 (58.7%)
were males. Strong association between dyslipidemia and AIP and LD/HDL ratio with p-value <0.001 was
observed. Strong positive correlation was observed between BMI and total cholesterol (TC) (r=0.31), triglycerides
(TGs) (r=0.52), low density lipoprotein (LDL) (r=0.26), very low density lipoprotein (VLDL) (r=0.52), AIP (r=0.4)
and LDL/HDL ratio (r=0.27) where as strong negative correlation with disease duration (r=-0.24) and weak
correlation with high density lipoprotein (HDL) level (r=0.04). There was a strong positive correlation observed in
AIP and BMI (r=0.4), TGs (r=0.81), VLDL (r=0.81) and HDL (r=0.60). LDL/HDL ratio was also strongly positive
correlated with BMI (r=0.27), TC (r=0.58), TGs (r=0.27), LDL (r=0.77), VLDL (r=0.27) and AIP (r=0.48) while
strongly negative correlated with age (r=-0.2) and HDL (r= -0.46).

Conclusion: In our study, COPD patients are at higher risk of developing CVDs.
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Introduction leading cause of death worldwide 4. COPD and CVD
are associated as both share common risk factors and
pathophysiological processes >. COPD progression
leads to pulmonary hypertension, ventricular
dysfunction, coronary disease and dysrhythmia. Thus
patients with COPD are more prone to develop
cardiovascular disease as compared to patient without
COPD.? Different studies reported variable prevalence
of CVD in patient with COPD ranges from 14% to 33%
67, Coronary artery disease (CAD), stroke and sudden
cardiac death is associated with reduce force

Chronic obstructive pulmonary disease (COPD) is
characterized by chronic airflow limitation and a
range of pathological changes in the lungs 1. Chronic
airflow limitation is associated with an abnormal
inflammatory response of the lungs to noxious
particles or gases, particularly cigarette smoke 2. The
main causes of morbidity and mortality among COPD
patients are cardiovascular disease (CVD) and lung
cancer 3.

expiratory volume in 1 second (FEV1). For every 10%
decrease in FEV1, the chances of CVD related
mortality is increases by 28%. Furthermore, patients
with COPD are also associated with increase aortic
pulse wave velocity (arterial stiffness) 8.
Administration of corticosteroids in the treatment of
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COPD is one of the major health problems in patients

X . COPD also affects lipid values in such patients °.
with age 40 years and above and considered as the 4th

Dyslipidemia related to increase plasma levels of total
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cholesterol (TC) or low density lipoprotein (LDL) and
triglycerides (TGs) and low concentrations of high
density lipoprotein (HDL) 0. Various studies reported
that dyslipidemia is prevalent in COPD 8 10 and is one
the major risk factors for the development of CVDs 11,
The positive association between increase levels of TC,
LDL and low levels of HDL are strongly associated
with CVDs. Therefore, the ratio of LDL/HDL is often
calculated to estimate CVDs risk. Furthermore, the
Atherogenic index of plasma (AIP) is also considered
as a strong marker to predict atherosclerosis and
CVDs risk 12.

Our population has not been evaluated for the
determination of AIP, LDL/HDL ratio and lipid
profile especially in COPD patients. The present study
aim to determine the lipoprotein levels in patients
with COPD and to calculate AIP, LDL/HDL ratio and
to find the CVD risk in these patients.

Material and Methods

This single centered cross-sectional study was
conducted in the department of pulmonology, Khyber
Teaching Hospital Peshawar. After ethical approval
and patients consent, COPD patients were enrolled in
the study. The COPD confirmed patients according to
the global initiative of chronic obstructive pulmonary
disease (GOLD) guidelines of either gender were
included in the study 4. Samples of 150 COPD patients
were included in the study. The sample size was
calculated using WHO sample size calculator with 80
powers of study and 95% confidence interval. The
demographics were recorded on purposefully
designed proforma. After detailed history, 5cc Fasting
blood sample was withdrawn from each patient,
properly labeled and stored for biochemical analysis.
Patients not willing to participate in the study, known
cardiovascular diseases, history of other chronic
disorders and patients receiving lipid lowering drugs
were excluded from the study.

The BMI was calculated using the formula previously
described and BMI was categorized as normal BMI
(18-24.9), overweight (25-29.9) and obese (>30) 2. The
atherogenic index of plasma (AIP) was also calculated
as previously described as logarithmic transformation
of TG to HDL ratio 3. Where AIP value -0.3-0.1 is
considered lower risk, 0.-0.24 intermediate risk and
>0.24 as high cardiovascular risk 12 The lipid profile
was analyzed using cobas 6000 analyzer c501 series
Roche diagnostics. Patients were classified as
dyslipidemia positive and dyslipidemia negative
according to the criteria previously described ™.
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All the data were entered in SPSS 22.0. Numerical
variables were expressed as mean = standard
deviation (SD) while frequency and percentages were
used for categorical variables. Independent sample t
test was used to find the possible association between
dyslipidemia and AIP values and LDL/HDL ratio.
Pearson correlation was applied to determine any
correlation between the study parameters. All the
results were recorded as 2 tail method and p-values
<0.05 were considered significant.

Results

This study enrolls total 150 COPD patients. The mean
age was 57.34 £ 9.6 years where the minimum and
maximum age was recorded as 40 years and 70 years
respectively. The mean BMI, CHO, TGs, HDL, LDL,
VLDL was 2549 + 3.0, 166.57 *+ 36.7, 129.93 + 51.1,
43.85 £ 11.5, 106.93 + 35.3 and 25.99 = 10.2 mg/dl
respectively. Similarly, the mean duration of disease in
years was 7.61 + 4.2 years. The mean AIP was
recorded as 0.45 £ 0.21 while the mean LDL/HD ratio
was 2.55 + 0.94. Further details of each variable are
summarized in table 1 below.

Table 1: Demographics of study population

Variable Minimum | Maximum Mean * SD
value value

Age (years) 40 70 57.34£9.6
BMI 20 40 2549 +3.0
TC(mg/dl) 87 291 166.57 £ 36.7
TGs (mg/dl) 46 376 129.93 +51.1
HDL (mg/dl) 17 104 43.85+11.5
LDL (mg/dl) 39 204 106.93 £35.3
VLDL (mg/dl) 9 75 25.99 £10.2
Disease
duration 2 18 7.61+42
(years)
AIP -0.19 1.05 0.45+0.21
LD.L/HDL 0.65 5.63 2.55+0.94
ratio

In total 150 COPD patients, 62 (41.3%) were females
while 88 (58.7%) were males. Furthermore, 63 (42%)
patients were overweight followed by 17 (11.3%)
patients which were obese. Higher levels of TC were
recorded in 22 (14.7%) patients while 45 (30%) of the
patients have higher TGs levels. HDL levels were low
in 143 (95%) patients and LDL and VLDL were high in
35 (23.3%) and 45 (30%) respectively. The AIP was
high in 134 (89.3%) COPD patients. According to the
LDL/HDL ratio, 45 (30%) of the total patients have
moderate cardiovascular risk while 2 (1.3%) have high
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risk. Dyslipidemia was positive in 44 (29.3%) of the
total patients. All the details are shown in table 2.

Table 2: demographics presentation of categorical variables

Variables Frequency Y%age

Gender Female 62 413
Male 88 58.7

Normal BMI 70 46.7

BMI Overweight 63 42.0
Obese 17 11.3

TC No?mal 128 85.3
High 22 14.7

Normal 105 70.0

1Gs High 45 30.0
Normal 7 4.7

HDL Low 143 95.3
Normal 115 76.7

DL High 35 23.3
Normal 105 70.0

VIHDIL High 45 30.0
Lower risk 9 6.0

AIP categories Intermediate risk 7 4.7
Increase risk 134 89.3

Low risk 103 68.7

LDL/HDL ratio Moderate risk 45 30.0
High risk 2 1.3

.. . No 104 70.7
Dyslipidemia Yos a1 293

Independent sample t test reveals that there is a strong
association between dyslipidemia and AIP with p-
value <0.001. Similarly, strong association was
observed between dyslipidemia and LD/HDL ratio
with p-value <0.001. Further details are shown in table
3

Table 3: Association between dyslipidemia and LD/HDL

] . - Mea | P 95%
Variable | Dyslipidemia | N - value | CI
41060 1 500 | (0.8
AIP /|
Yes/No 9 | 037 1 -
: 0.16)
LDL/HD 54 3.2/ | <0.00 (1_3
L ratio Yes/No 9/6 21 ! o
0.85)
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Correlation analysis reveals that age is significantly
negative correlated with the BMI (r=-0.2) and LDL (r=
-0.16) but positively correlated with disease duration
(r=0.73). Similarly, BMI is strongly positive correlated
with TC (r=0.31), TGs (r=0.52), LDL (r=0.26), VLDL
(r=0.52), AIP (r=0.4) and LDL/HDL ratio (r=0.27)
where as strong negatively correlated with disease
duration (r=-0.24) and weakly correlated with HDL
level (r=0.04). Furthermore, TC is strongly positive
correlated with TGs (r=0.32), HDL (r=0.35), LDL
(r=0.91), VLDL (r=0.32) and LDL/HDL ratio (r=0.58).
There is a strong positive correlation observed in AIP
and BMI (r=0.4), TGs (r=0.81), VLDL (r=0.81) and HDL
(r=0.60). The LDL/HDL ratio is also strongly positive
correlated with BMI (r=0.27), TC (r=0.58), TGs (r=0.27),
LDL (r=0.77), VLDL (r=0.27) and AIP (r=0.48) while
strongly negative correlated with age (r= -0.2) and
HDL (r= -0.46). All the details of each variable are
summarized in table 4.
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Table 4: Correlation of different study variables

Variables | BMI TC TGs HDL LDL vipL | Disease A || LY
duration L ratio
Age 0.2% 0.15 0.14 0.10 0.16* 0.14 0.73%* 0.15 -0.20*
BMI 1 0.31% 0.52% 20.04 0.26% 0.52% 0.24% 0.4%* 0.27%
TC 1 0.32% 0.35% 0.91% 0.32% 20.15 0.08 0.58%*
TGs 1 0.11 0.20% 1.0%% 0.08 0.81% 0.27%
HDL 1 0.11 011 20.02 0.60%* 0.46*
LDL 1 0.20% 20.17* 0.10 0.77%
VLDL 1 0.08 0.81% 0.27%
Disease 1 -0.03 0.13
duration
AIP 1 0.48%*
LDL,/HDL ]
ratio

Legends: *** correlation significance at 0.001, ** level of significance at 0.01, * level of significance at 0.05. BMI-
body mass index, TC- total cholesterol, TGs- triglycerides, HDL- high density lipoprotein, LDL-low density
lipoprotein, VLDL- very low density lipoprotein, AIP-atherogenic indices

Discussion
This study evaluates the lipid profile and
atherogenic index of plasma (AIP) in patients with
COPD. Increase AIP, dyslipidemia and LDL/HDL
ratio is considered as strong risk factors for the
development of CVDs. The results of this study
clearly show an imbalance between lipid profile,
AIP and LDL/HDL ratio. In our study, the mean age
recorded was 57.34 + 9.6 years. In total 150 COPD
patients, 58.7% were males while 41.3% were
females. Various studies have been published,
reported variable prevalence of men and women.
Many studies reported no gender disparity in COPD
while there are many studies reported conflicting
results among men and women 4. According to our
results, levels of HDL were low in 95.3% of COPD
patients. Similarly, TC, TGs, LDL and VLDL were
high in 14.7%, 30%, 23% and 30% respectively.
Similar studies were also done in the past reported
elevated levels of TC, TGs, LDL and VLDL and low
levels of HDL in COPD patients 1> 6. Dyslipidemia
was prevalent in 29.3% of COPD patients and was
strongly positive associated with LDL/HDL ratio
and AIP (p-value <0.001). Dyslipidemia is prevalent
in patients with COPD as published by many
researchers in the past 8 101718, High levels of LDL
may be deposited with the artery wall and is
involved in atherogenic process leading to increase
CVD risk 1 while reducing LDL levels are
associated with decrease CVD risk 2. Although the
association of high TGs levels also increases CVD
risk and are involved in elevated levels of LDL and
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low levels of HDL 2. Low levels of HDL also
increases CVD risk by altering cholesterol efflux
from the cells?!. All these reports strongly associate
abnormal lipid profile with CVD risk. Thus, these
reports are consistent with the results of our
findings. In our study, based on LDL/HDL ratio,
30% of the patients having moderate CVD risk while
1.3% patients have high CVD risk. LDL/HDL ratio
is a useful marker to indicate CVD risk as reported
by many studies 2> 2 as it combinedly evaluates both
LDL and HDL levels. According to a recent study
published in 2019, reported a positive correlation of
LDL/HDL ratio and CVDs 2% Another report
published in 2022 found LDL/HDL ratio as a
positive predictor of coronary atherosclerotic heart
disease 2. AIP is a novel marker to determine CVD
risk and is composed of TGs and HDL. AIP is an
optimal indicator of dyslipidemia and related of
CVDs 3. In our study, based on AIP, 89.3% of COPD
patients have increase CVD risk. According to a
recent study published in 2021 reported that AIP
were high in patient COPD with CVDs 0. Our
results reveals that AIP is strongly positive
correlated with increase BMI (r=0.4**) which is in
consistent with the findings published previously 3.
Furthermore, AIP is also positive correlated with
TGs (r=0.81**), HDL (r=0.60**), VLDL (r=0.81**) and
LDL/HDL ratio (r=0.48**). Similar positive results
were also reported by other researchers in the past
where the AIP is significantly correlated with LDL
and VLDL and was considered as a strong predictor
of atherosclerosis 2> . Thus both AIP and
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LDL/HDL ratio is independently associated with
increased risk of developing CVDs in patient with
COPD.

Conclusion

COPD patients with higher levels of AIP and

LDL/HDL ratios are

at high risk of developing

CVDs. Thus minimizing these risk factors will result
in reducing the risk of such diseases and will
improve quality of life of the patients.

Conflict of Interest: Authors declare no conflict of
interest.
Funding: No funding was received for this project

10.

References

Hawkins NMJEJoHF. Chronic obstructive pulmonary
disease and heart failure in Europe-further evidence
of the need for integrated care. 2017;20(1):111-3.

Belchi F, Pirashvili M, Conway ], Bennett M,
Djukanovic R, Brodzki JJSr. Lung topology
characteristics in patients with chronic obstructive
pulmonary disease. 2018;8(1):1-12.

Fisk M, McEniery CM, Gale N, Maki-Petdja K,
Forman JR, Munnery M, et al. Surrogate markers of
cardiovascular  risk and chronic obstructive
pulmonary disease: a large case-controlled study.
2018;71(3):499-506.

Patel AR, Patel AR, Singh S, Singh S, Khawaja IJC.
Global initiative for chronic obstructive lung disease:
the changes made. 2019;11(6).

André S, Conde B, Fragoso E, Boléo-Tomé ], Areias V,
Cardoso JJP. COPD and -cardiovascular disease.
2019;25(3):168-76.

Mapel DW, Dedrick D, Davis KJCJoCOPD. Trends
and cardiovascular co-morbidities of COPD patients
in the Veterans Administration Medical System, 1991-
1999. 2005;2(1):35-41.

Mesquita R, Franssen FM, Houben-Wilke S, Uszko-
Lencer NHK, Vanfleteren LEW, Goértz YM, et al.
What is the impact of impaired left ventricular
ejection fraction in COPD after adjusting for
confounders? 2016; 225:365-70.

Ternushchak ™, Tovt-Korshynska MIJWL.
Dyslipidemia as risk factor of atherosclerosis in
patients with chronic obstructive pulmonary disease.
2019;72(4):617-21.

Ettinger WH, Klinefelter HF, Kwiterovitch POJA.
Effect of short-term, low-dose corticosteroids on
plasma lipoprotein lipids. 1987;63(2-3):167-72.
Markeli¢ I, Hlapci¢ I, Rogi¢ D, Rako I, Samarzija M,
Popovié¢-Grle S, et al. Lipid profile and atherogenic
indices in patients with stable chronic obstructive
pulmonary disease. 2021;31(1):153-61.

37

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pappan N, Rehman A. Dyslipidemia. StatPearls
[Internet]: StatPearls Publishing; 2021.

Niroumand S, Khajedaluee M, Khadem-Rezaiyan M,
Abrishami M, Juya M, Khodaee G, et al. Atherogenic
Index of Plasma (AIP): A marker of cardiovascular
disease. 2015; 29:240. PMID: 26793631, PMCID:
PMC4715400.

Zhu X, Yu L, Zhou H, Ma Q, Zhou X, Lei T, et al.
Atherogenic index of plasma is a novel and better
biomarker associated with obesity: a population-
based cross-sectional study in China. 2018;17(1):1-6.
Lisspers K, Larsson K, Janson C, Stillberg B,
Tsiligianni I, Gutzwiller FS, et al. Gender differences
among Swedish COPD patients: results from the
ARCTIC, a real-world retrospective cohort study.
2019;29(1):45.  https://doi.org/10.1038/s41533-019-
0157-3

Begum K, Begum M, Sarker Z, Dewan M, Siddique
M]JBJoMB. Lipid profile status of chronic obstructive
pulmonary disease in hospitalized patients.
2010;3(2):42-5.

Rao MV, Raghu S, Rao CHJJoEoM, Sciences D. A
study of lipid profile in chronic obstructive
pulmonary disease. 2015;4(42):7287-97.

Caram LMdO, Ferrari R, Naves CR, Coelho LS, Vale
SAd, Tanni SE, et al. Risk factors for cardiovascular
disease in patients with COPD: mild-to-moderate
COPD versus severe-to-very severe COPD. 2016;
42:179-84.

Sarkar S, Gayen BK, Biswas U, Dhua A, Swaika BC,
Bairagya TDJAJoMS. A study on dyslipidemia and its
association with body mass index and smoking with
or without chronic obstructive pulmonary disease
among tribal population attending a teaching hospital
in West Bengal state of India. 2022;13(11):115-21.
Hedayatnia M, Asadi Z, Zare-Feyzabadi R, Yaghooti-
Khorasani M, Ghazizadeh H, Ghaffarian-Zirak R, et
al. Dyslipidemia and cardiovascular disease risk
among the MASHAD study population. 2020;19:1-11.
Reiner ZJNRC. Hypertriglyceridaemia and risk of
coronary artery disease. 2017;14(7):401-11.

van den Berg M]J, van der Graaf Y, de Borst GJ,
Kappelle L], Nathoe HM, Visseren FL, et al. Low-
density lipoprotein cholesterol, non-high-density
lipoprotein cholesterol, triglycerides, and
Apolipoprotein B and cardiovascular risk in patients
with manifest arterial disease. 2016;118(6):804-10.
Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M,
Grundy SM, et al. HDL cholesterol, very low levels of
LDL cholesterol, and cardiovascular events.
2007;357(13):1301-10.

Kurebayashi N, Yoshikawa D, Ishii H, Sato B, Ando
H, Okada T, et al. Impact of the low-to high-density
lipoprotein cholesterol ratio on composition of
angiographically ambiguous left main coronary artery
plaque. 2011;75(8):1960-7.



Int.j.pathol.2023;21(1): 33 -38

24. Zhong Z, Hou ], Zhang Q, Zhong W, Li B, Li C, et al.
Assessment of the LDL-C/HDL-C ratio as a predictor
of one year clinical outcomes in patients with acute
coronary syndromes after percutaneous coronary
intervention and drug-eluting stent implantation.

2019;18(1):1-8.

25. Sun T, Chen M, Shen H, Fan L, Chen X, Wu ], et al.
Predictive value of LDL/HDL ratio in coronary

atherosclerotic heart disease. 2022;22(1):1-11.

HISTORY
Date received: 28-01-2023
Date sent for review: 29-01-2023
Date received reviewers comments: 30-01-2023
Date received revised manuscript: 03-02-2023
Date accepted: 28-03-2023

KEY FOR CONTRIBUTION OF AUTHORS:
A. Conception/Study/Designing/Planning

B. Active Participation in Active Methodology

C. Interpretation/ Analysis and Discussion

38

26.

Kucera M, Oravec S, Hirnerova E, Huckova N,
Celecova Z, Gaspar L, et al. Effect of atorvastatin on
low-density ~ lipoprotein ~ subpopulations  and
comparison  between indicators of plasma
atherogenicity: a pilot study. 2014;65(9):794-9.

27. Sharma H, Kapur P, Jalali RK, Dubey KJT,

management cr. Atherosclerosis risk assessment in
patients with chronic obstructive pulmonary disease:
a case-control study. 2019:1061-71.

CONTRIBUTION OF AUTHORS

AUTHOR CONTRIBUTION
Tooba Khan AB
Henna Salman B
Mir Alam Khan A
Madiha Khattak B,C
Asma Inam C
Irum Mehmood C




