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A B S T R A C T

Background: Atherogenic lipoproteins are the major determinant of atherosclerotic cardiovascular
diseases (ASCVD). Lipid derived ASCVD risk is traditionally been calculated by LDLc level. There are
growing evidences that only LDLc value may not be comprehensive while assessing CV risk. There is
considerable discordance among different Lipid parameters particularly in statin treated patients.
Objective : We aimed to look at relationship between apolipoprotein B/ non HDlc and LDLc in statin
treated patients.
Materials and Methods: We enrolled patients who were at high risk for ASCVDs & were on stable
statin therapy. After detail explanation of study procedure, informed consent was taken from each eligible
patient. Then 12 hours fasting blood samples were taken for estimation of lipid profile, apolipoprotein-B.
Appropriate statistical tests were done to see concordance & discordance pattern among different lipid
parameters.
Results: Among 65 enrolled patients, mean age was 53±9.60 years. Among ASCVD major risk factors
hypertension was present in 63% patients, diabetes was present in 49.2 % patients. Although 75.4 %
patients were at LDLc goal but 52.3 % patients were not achieved their ethnicity specific apolipoprotein-
B goal with statin therapy. The correlation between apolipoprotein B and LDL cholesterol was found to
be moderate and positive (r=0.460, p<0.001).On further analysis 30.8% patients had discordantly high
apolipoprotien-B in comparison to their low LDLc.
Conclusion: We need to identify those subset of statin treated patients who remain at high risk for ASCVD
events despite attaining optimal LDLc goal due to presence of discordantly high appolipoprotien-B/non
HDLc level.
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1. Introduction

The prevalences of Atherosclerotic cardiovascular diseases
(ASCVD) are rising worldwide. Atherosclerosis is
the major pathophysiological process in ASCVDs.
Atherosclerosis is a smoldering immunoinflammatory
process where lipoproteins are acting as a fuel.1 Thus
lipoproteins are the major contributor in atheromatous
plaque formation. Among atherogenic lipoproteins LDLc
has long been considered as major lipoprotein & thus
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it became major therapeutic target in all lipid lowering
therapies. ASCVD risk is linearly associated with LDLc
level. It has been demonstrated that with each mmol/lit
decrease in LDLc level is associated with 20%-25%
reduction in the risk of major ASCVD events.2,3 We
have been assessing lipid derived ASCVD risk by
looking at traditional lipid parameters for the last few
decades. But traditional lipid parameters do not reflect the
entire atherogenic lipoproteins in the plasma like Lp(a),
apolipoprotien-B.4 It has been found in several recent
studies demonstrated that a subset of patients, even with
optimal LDLc levels they continue to get ASCVD events
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& atherosclerosis process progression. This phenomenon
has been termed as “residual lipid risk” which can’t be
identified by measuring LDLc level alone. Residual lipid
risk is the difference between the estimated LDLc value and
the actual quantity of circulating atherogenic lipoprotein
particles.5 Non HDLc comprises of cholesterol carried by
all potentially atherogenis lipoproteins including LDLc,
VLDL, Lp(a) , remnant lipoproteins. Apolipoprotien-B
represents the total number of atherogenic lipoproteins in
the plasma as each atherogenic lipoprotein particle contains
one molecule of apolipoprotein-B.6 LDLc represents
the total cholesterol concentration of LDL, IDL, Lp(a).
However LDL cholesterol level does not reflect the
LDL particle number & size.7 For example, at the same
level of LDL cholesterol people with small sized LDL
particle will have more number of LDLc particles than
people with large sized LDL particle. As it takes more
small sized LDL to traffic a given mass of cholesterol
molecules per litre/deciliter.7 We know small dense LDL
is more atherogenic than large buoyant LDL particle.8,9

In most circumstances Apolipoprotien-B, Non HDLc are
highly correlated with each other but not identical as
apolipoprotien-B & non HDLc in addition to LDLc they
also include triglyceride rich lipoproteins.10 Lipoprotein-a
is included in all three measurements. Among statin treated
patients more pronounced discordance exist between these
parameters as statin lower LDLc more effectively than
other two parameters.11 So it is important to identify this
concordance & discordance pattern particularly in statin
treated patients, otherwise they might have discordantly
high appolipoprotien –B levels and they remain at higher
risk for ASCVD events despite attainment of optimal
LDLc. If we are able to identify those subset of patients,
we can take appropriate steps like statin intensification,
addition of non-statin therapy or more aggressive procedure
like lipid apheresis. To date very small number of studies
have been conducted to examine this relationship between
these lipid parameters in statin treated patients. So the
present study was done to identify how many percentage of
statin treated patients apolipoprotein –B & non HDLc were
discordantly high that would help in identifying residual
lipid risk among them.

2. Objectives

1. To find out % of study population who have achieved
target LDLc goal after receiving statin therapy.

2. To find out % of study population in whom apo B
level/ non HDLc level was not under desired target
despite attaining target LDLc level.

3. To find out % of study population in whom LDLc
levels were discordant with non HDLc and with
apolipoprotein B.

3. Materials and Methods

This was an observational cross sectional single centre
based study done in the department of General Medicine
of Malda Medical College & Hospital, Malda,W.B. from
April,2022 to May,2023.We included those patients who
were at high risk for atherosclerotic cardiovascular diseases
(ASCVD) and were on statin therapy for primary prevention
.As per Lipid Association of India (LAI) recommendation,
high risk for ASCVDs was considered in whom three or
more major ASCVD risk factors were present or diabetes
with one other major risk factor were present.12,13 We didn’t
include those having history of CV events or features of
target organ damage as they had more stringent lipid goal
and supposed to get more intense statin therapy or non-statin
therapy. We included only those patients who were on stable
statin therapy for at least last three months. Those patients
who had renal and hepatic impairments and in whom
secondary causes of dyslipidemia like hypothyroidism,
nephrotic syndrome, obstructive liver disease were present,
they were not included in the study.After detail explanation
of study procedure, informed consent was taken from each
eligible participant and Institutional Ethical Clearance was
obtained for the study. Detailed history, anthropometric
measurements & clinical examination were carried out in
all patients. Then 12 hour fasting blood samples were
taken for estimation of lipid profile & apolipoprotein-B
from all participants. Fully automated analyzer COBAS
6000 was used for lipid profile estimation & apolipoprotein
–B level was measured by Immunonephelometry method.
As per L.A.I. recommendation lipid goals for high risk
patient that we consider in our study were LDL level
less than 70mg/dl, non HDLc level less than 100mg/dl
& apolipoprotein –B level less than 80mg/dl14. If plasma
triglyceride level was more than 150mg/dl,we considered as
high & low HDLc means less than 40mg/dl & 50mg/dl in
male and female respectively .Non HDLc was calculated as
difference between total cholesterol & HDLc.

3.1. Statistical analysis

Categorical variables were presented as frequency and
percentage whereas continuous variables were presented
as mean ± standard deviation or percentiles. Independent
t-test was used to compare mean (±standard deviation)
of continuous variable between two groups. Pearson
correlation test was used to assess correlation between
two continuous variables. P value < 0.05 was considered
statistically significant. As there was no standard cut-off
point for discordance, this study selected the recommended
target values as the cut-off

points. For high risk patients lipid goals are LDL-C:
<70mg/dl, non-HDL-C:<100

mg/dl, apoB:<80mg/dl. To define discordance, which
was defined as LDL-C ≥ the cut-off point and non-HDL-
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C or apoB < the cut-off point or vice versa.
Thus, participants were divided into four groups:

1. Low/low (LDLC < the cut-off point and non-HDL-C
or apoB <the cutoff point),

2. Low/high (LDL-C < the cut-off point and non- HDL-C
or apoB ≥ the cut-off point),

3. High/low (LDL-C ≥ the cut-off point and non-HDL-C
or apoB < the cut-off point),

4. High/high (LDL-C ≥ the cut-off point and non-HDL-
C or apoB ≥the cut-off point).

4. Results

A total of 65 patients were enrolled in this study. The
mean age of the study population was 53.48 ± 9.60 years.
Among them 43.17% patients were between 50 to 60 years
of age. Majority of enrolled patients were males (75.4%).
A total 39 patients (60%) were overweight or obese as
per Indian cut offs. Among the enrolled participants 32
patients (49.2%) had history of type 2 diabetes mellitus &
41 patients (63%) were hypertensive. A total 23 patients
(35.3%) were smokers & family history of premature CVDs
was present in 67.9 % cases. [Table 1] We observed over
all 75.4%of study participants had achieved recommended
LDLc goal with statin therapy & remaining 24.6% patients
had not reached their LDLc goal despite statin therapy. We
found 49.2% patients attended non HDLc goal & 53.8%
patients attended triglyceride goal with statin therapy. We
observed more than half of the study population 52.3%
did not achieve their target apolipoprotien B level with
the ongoing statin therapy. The plasma HDLc levels were
low in 60% of study population that is below 40mg/dl for
males & below 50 mg/dl for females.[Figure 1] The mean
values of all lipid parameters including Apolipoprotien-
B among study participants are given in Table 2. There
was statistically insignificant differences in all lipid profile
parameters between males & females.[Table 2] The mean
value of LDLc with statin therapy was 63.08 ± 22.08 mg/dl
& mean value of apolipoprotien B was 79.69 ± 21.05
mg/dl.The correlation between LDLc & apolipoprotien-B
was found to be moderate and positive (r= 0.460, p>0.001).
[Figure 2] That means with the increasing LDLc values,
our participants had higher apolipoprotien –B values.On
concordance & discordance analysis, when we compared
LDLc versus apolipoprotien-B based on specific target
values of these variables, we found 30.8% patients were
categorized into low/high discordance group that means
their plasma LDLc values were below target level that is
below 70mg/dl but their plasma apolipoprotien –B values
were out of target that is below 80mg/dl. The 44.8%
patients fall into low/low concordance group that means
they had attended recommended lipid goals both for LDLc
& apolipoprotien-B with the statin therapy. The 21.5%
patients were categorized into high/high concordance group

means both the levels were beyond the target. [Figure 2a]
Similarly when we compared them based on their median
values 15.4 % patients were categorized into low/high
discordance group, 32.3% patients were categorized into
low/low concordance group, 35.4% patients had fallen into
high/high concordance group and 16.9% patients were
categorized into high/low discordance group. [Figure-2b]

Figure 1: Proportion of study participants achieved recommended
lipid goals with statin therapy.

The correlation between LDLc & non HDLc was found
to be high & positive & attained statistical significance.
(r=0.07, p<0.001) When we compared LDLc versus Non
HDLc based on their specific target values, we found 49.2%
of study population had fallen into low/low concordance
group, in whom both LDLc & non HDLc values were below
the specific target after statin therapy. We observed 24.6%
patients were categorized into high/high concordance group
means their LDLc & non HDLc values were above the
recommended goal despite statin therapy. We found 26.2%
patients were categorized into low/high discordance group
that means they attained LDLc goal but their non HDLc
goal had not been met with statin therapy. We did not find
any patients in high /low discordance group. [Figure 3a]
Similarly when we compared them based on their median
values of LDLc & non HDLc, we got 36.9% patients
were categorized into low/low concordance group, 40%
patients had fallen into high/high concordance group, 12.3%
patients were categorized into high/low discordance group
and 10.8% patients were into low/high discordance group.
[Figure 3b]

5. Discussion

We observed maximum number of patients who were on
statin therapy & had high ASCVD risk, were between
50to 60 years of age .This finding is consistent with
our South-Asian ethnicity as we are developing cardio
metabolic diseases one to two decades earlier than our
western counterparts.15 We found despite statin therapy
24.6% of study population were not achieved recommended
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Figure 2: a: Scatter plot of concordance and discordance between apolipoprotein B & LDL cholesterol by respective target values; b:
Scatter plot of concordance and discordance between apolipoprotein B & LDL cholesterol by median values.(Median of LDL cholesterol
= 63mg/dl; Median of Apolipoprotein B = 84mg/dl.)

Figure 3: a: Scatter plot of concordance and discordance between non HDLc & LDLcholesterol by respective target values; b: Scatter
plot of concordanceand discordance between non HDLc & LDL cholesterol by median values. Median of LDLcholesterol = 63mg/dl;
Median of Non-HDL cholesterol = 100mg/dl)

Table 1: Clinical profile of the study population (N=65)

Variables Frequency (%)

Age Group
<50 years 22 (33.8%)

50 to 60 years 28 (43.1%)
>60 years 15 (23.1%)

Gender Male 49 (75.4%)
Female 16 (24.6%)

BMI Normal 39 (60%)
High 26(40%)

Type 2 DM Yes 32 (49.2%)
No 33 (50.8%)

Hypertension Yes 41 (63%)
No 24 (36.9%)

Smoking Yes 23 (35.3%)
No 42 (64.9%)

Family H/O premature CAD Yes 44 (67.9%)
No 21 (32.3%)
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Table 2: Mean ± SD study variables in the overall study population, males and females.

Variables Overall (N=65) Male (n=49) Female (n=16) P-value
Total cholesterol (mg/dl) 139.51±28.5 138.1±30.12 143.81±23.14 0.491
HDL cholesterol (mg/dl) 39.65±8.58 38.86±7.71 42.06±10.74 0.197
Triglyceride (mg/dl) 157.85±71.57 153.16±72 172.19±70.54 0.360
Apolipoprotein B (mg/dl) 79.69±21.05 79.51±21.06 80.25±21.68 0.904
Non-HDL cholesterol (mg/dl) 99.25±27.94 98.43±29.11 101.75±24.69 0.683
LDL cholesterol (mg/dl) 63.08±22.08 63.14±23.33 62.88±18.4 0.967

LDLc goal. Although we didn’t look into whether they
were put an optimal doses of statin & compliance was
not calculated. Among our study participants prevalence of
obesity, Hypertension, diabetes mellitus were 60%, 63%
& 42.9% respectively. When we consider our national
prevalence of these diseases, our study findings were much
higher as we recruited selectively high risk patients .We
observed more than half of study population (52.3%) didn’t
met their recommended apolipoprotein –B goal that is as per
LAI recommendation below 80 mg/dl. So they may need
statin dosage intensification. Among statin treated patients,
apolipoprotein –B discordantly high in respect to LDLc
level in 30.8% cases & non- HDLc was discordantly high
in 26.2% cases. This finding is consistent with the study
done by Qu et al.,16 they observed LDLc to be discordant
with apolipoprotein-B in 31% cases & with non HDLc
in 20.1% cases in their study cohort. They also reported
the brachial artery pulse wave velocity (baPWV) which
is considered as a marker of subclinical atherosclerosis,17

was greater in those with higher apolipoprotein-B or non
HDLc levels. In the adjusted logistic regression model,
low LDLc and high apolipoprotein-B or non HDLc
discordance were associated with risk of arterial stiffness
(OR:13.41).16 So these discordant group of patients need
to be identified in order to take necessary steps to
reduce the residual risk of CV events. The LDLc has
long been considered as major therapeutic target of lipid
lowering therapies while non HDLc & apolipoprotein
–B are still controversial targets. Nevertheless many
studies have demonstrated non HDLc and apolipoprotein-
B are much superior predictors of arterial stiffness. In
several studies conducted in China,non HDLc was found
to be more stranger predictor of baPWV than other
lipid parameters.18,19 Jhanmesen et al.20 did concordance
discordance analysis and they concluded that statin treated
patients, elevated apolipoprotein –B and non HDLc ,but
not LDLc , are associated with residual risk of all cause
mortality & myocardial infarction. It has been observed
that the amount of cholesterol within lipoprotein particles
very substantially. The analysis of INTERHEART study
demonstrated that when apolipoprotein in B level is higher
than non HDLc level that is when cholesterol depleted
apolipoprotein –B particles are present, cardiovascular risk

is increased, where as when non HDLc level is higher than
apolipoprotein –B level that is when cholesterol enriched
apolipoprotein –B particles are present ,cardiovascular risk
is less than the reference concordant group.21 When the
mass of cholesterol per apolipoprotein –B particle is normal
,all three measures are concordant. But when mass of
cholesterol within apolipoprotein –B particles is either
greater or lesser, LDLc & non HDLc are discordant. In both
the circumstances the number of apolipoprotein B particles
is not accurately represented by measures of mass of
cholesterol within them.21 So, probably lipoprotein particle
number, size are more critical determinant of cardiovascular
risk than the mass of cholesterol within them.

An important observation of our study was majority of
apolipoprotein –B discordantly high group of patients also
had higher triglyceride level, so probably it supports the
notion that in presence of high triglycerides, LDLc gets
oxidized & becomes small dense form & that is considered
more atherogenic than large buoyant LDL particle.22 So
elevated triglyceride level in statin treated patients may
indicate higher CVD risk. So triglyceride can be the co-
primary target in high risk patients while deciding optimal
lipid lowering therapy. Another observation of the present
study was, a significant number of statin treated patients
(60%)had low HDLc levels that is below 40mg/dl. in males
& below 50mg/dl in females. Whether statin has a causal
role in this or it is due to presence of metabolic syndrome,
we couldn’t conclusively comment upon this as we didn’t
have baseline HDLc values in study cohort. Future studies
only can ascertain this.

6. Conclusion

We need to identify that subset of statin treated patients
who remain at high risk for cardiovascular events despite
attaining LDLc goal due to presence of discordantly high
apolipoprotein B/non HDLc.

7. Source of Funding
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8. Conflict of Interest

None.



Saha / Panacea Journal of Medical Sciences 2024;14(3):824–829 829

References
1. Borén J, Williams KJ. The central role of arterial retention

of cholesterol-rich apolipoprotein-B-containing lipoproteins in the
pathogenesis of atherosclerosis: a triumph of simplicity. Curr Opin
Lipidol. 2016;27(5):473–83.

2. Cholesterol Treatment Trialists’ (CTT) Collaborators,Efficacy and
safety of cholesterol-lowering treatment: prospective meta-analysis
of data from 90 056 participants in 14 randomised trials of statins.
Lancet. 2005;366(9493):1267–78.

3. Taylor F, Huffman MD, Macedo AF, Moore THM, Burke M, Smith
GD, et al. Statins for the primary prevention of cardiovascular
disease. Cochrane Database Syst Rev. 2013;(1):CD004816.
doi:10.1002/14651858.CD004816.pub5.

4. Lawler PR, Akinkuolie AO, Chu AY, Shah SH, Kraus WE, Craig
D, et al. Atherogenic lipoprotein determinants of cardiovascular
disease and residual risk among individuals with low low-density
lipoprotein cholesterol. J Am Heart Assoc. 2017;6(7):5549.
doi:10.1161/JAHA.117.005549.

5. Mora S, Buring JE, Ridker PM. Discordance of low-density
lipoprotein (LDL) cholesterol with alternative LDL-related measures
and future coronary events. Circulation. 2014;129(5):553–61.

6. Pencina MJ, D’Agostino RB, Zdrojewski T, Williams K, Thanassoulis
G, Furberg CD, et al. Apolipoprotein B improves risk assessment of
future coronary heart disease in the Framingham Heart Study beyond
LDL-C and non-HDL-C. Eur J Prev Cardiol. 2015;22(10):1321–7.

7. Hulthe J, Wiklund O, Bondjers G, Wikstrand J. LDL particle size in
relation to intima-media thickness and plaque occurrence in the carotid
and femoral arteries in patients with hypercholesterolaemia. J Intern
Med. 2000;248(1):42–52.

8. Blake GJ, Otvos JD, Rifai N, Ridker PM. Low-density lipoprotein
particle concentration and size as determined by nuclear magnetic
resonance spectroscopy as predictors of cardiovascular disease in
women. Circulation. 2002;106(15):1930–7.

9. Vakkilainen J, Steiner G, Ansquer JC, Aubin F, Rattier S, Foucher
C. Relationships between low-density lipoprotein particle size,
plasma lipoproteins, and progression of coronary artery disease: the
Diabetes Atherosclerosis Intervention Study (DAIS). Circulation.
2003;107(13):1733–7.

10. Otvos JD, Mora S, Shalaurova I, Greenland P, Mackey RH, Jr
DG, et al. Clinical implications of discordance between low-
density lipoprotein cholesterol and particle number. J Clin Lipidol.
2011;5(2):105–13.

11. Boekholdt SM, Arsenault BJ, Mora S, Pedersen TR, LaRosa JC,
Nestel PJ, et al. Association of LDL cholesterol, non-HDL cholesterol,
and apolipoprotein B levels with risk of cardiovascular events among
patients treated with statins. JAMA. 2012;307(12):1302–9.

12. Wilson PWF, Polonsky TS, Miedema MD, Khera A, Kosinski AS,
Kuvin JT, et al. Guideline on the management of blood cholesterol:
A Report of them American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. Circulation.
2019;139(25):1144–61.

13. Mach F, Baigent C, Catapano AL, Koskina KC, Casula M, Badimon
L, et al. 2019 ESC/EAS Guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular risk: The
Task Force for the management of dyslipidaemias of the European
Society of Cardiology (ESC) and European Atherosclerosis Society
(EAS). Eur Heart J. 2020;41(1):111–8.

14. Enas EA, Dharmarajan TS, Varkey B. Consensus statement on
the management of dyslipidemia in Indian subjects: A different
perspective. Indian Heart J. 2015;67(2):95–102.

15. Gupta M, Brister S. Is South Asian ethnicity an independent
cardiovascular risk factor? Can J Cardiol. 2006;22(3):193–7.

16. Qu G, Zhang Z, Zhu H. Discordance between apolipoprotein B
or non-HDL-cholesterol and LDL-cholesterol in middle-aged and
elderly Chinese patients predicts arterial stiffness. Lipids Health Dis.
2021;20(1):80. doi:10.1186/s12944-021-01509-6.

17. Ohkuma T, Ninomiya T, Tomiyama H, Kario K, Hoshide S, Kita Y,
et al. Brachial-ankle pulse wave velocity and the risk prediction of
cardiovascular disease: an individual participant data meta-analysis.
Hypertension. 2017;69(6):1045–52.

18. Zhan B, Huang X, Wang J, Qin X, Zhang J, Cao J, et al. Association
between lipid profiles and arterial stiffness in Chinese patients with
hypertension: insights from the CSPPT. Angiology. 2019;70(6):515–
22.

19. Chi C, Teliewubai J, Lu YY, Fan XM, Yu SK, Xiong J, et al.
Comparison of various lipid parameters in association of target
organ damage: a cohort study. Lipids Health Dis. 2018;17(1):199.
doi:10.1186/s12944-018-0800-y.

20. Johannesen CDL, Mortensen MB, Langsted A, Nordestgaard BG.
Apolipoprotein B and Non-HDL Cholesterol Better Reflect Residual
Risk Than LDL Cholesterol in Statin-Treated Patients. J Am Coll
Cardiol. 2021;77(11):1439–50.

21. Sniderman AD, Islam S, Yusuf S, Mcqueen MJ. Discordance analysis
of apolipoprotein B and non high density lipoprotein cholesterol
as markers of cardiovascular risk in the INTERHEART study.
Atherosclerosis. 2012;225(2):444–9.

22. Chen Y, Du M, Xu J, Chen D. The small dense LDL
particle/large buoyant LDL particle ratio is associated with glucose
metabolic status in pregnancy. Lipids Health Dis. 2017;16(1):224.
doi:10.1186/s12944-017-0627-y.

Author’s biography

Avijit Saha, Associate Professor
 

 

https://orcid.org/0000-0002-8956-
0834

Cite this article: Saha A. Concordance & discordance analysis between
LDLc and apolipoprotein B/Non HDLc among statin treated patients.
Panacea J Med Sci 2024;14(3):824-829.

http://dx.doi.org/10.1002/14651858.CD004816.pub5
http://dx.doi.org/10.1161/JAHA.117.005549
http://dx.doi.org/10.1186/s12944-021-01509-6
http://dx.doi.org/10.1186/s12944-018-0800-y
http://dx.doi.org/10.1186/s12944-017-0627-y
https://orcid.org/0000-0002-8956-0834
https://orcid.org/0000-0002-8956-0834
https://orcid.org/0000-0002-8956-0834

	Introduction
	Objectives
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

