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Abstract

Cardiovascular disease (CVD) is an important cause of morbidity and mortality after liver 

transplantation (LT). Although LT is associated with dyslipidemia, particularly atherogenic 

lipoprotein subparticles, the impact of these subparticles on CVD-related events is unknown. 

Therefore, the aim of the current study was to evaluate the impact of small dense (sdLDL-C) low-

density lipoprotein (LDL) cholesterol (LDL-C) on CVD events. Prospectively enrolled patients (N 

= 130) had detailed lipid profile consisting of traditional lipid parameters and sdLDL-C and were 

followed for CVD events. The primary endpoint was a CVD composite consisting of myocardial 

infarction (MI), angina, need for coronary revascularization, and cardiac death. Mean age of the 

cohort was 58 ± 11 years, and the most common etiology of liver disease (LD) was hepatitis C 

virus (N = 48) and nonalcoholic steatohepatitis (N = 23). A total of 20 CVD events were noted 

after median follow-up of 45 months. The baseline traditional profile was similar in patients with 

and without CVD events. A serum LDL-C cutoff of 100 mg/dL was unable to identify individuals 

at risk of a CVD event (P = 0.86). In contrast, serum concentration of atherogenic sdLDL-C >25 

mg/dL was predictive of CVD events with a hazard ratio of 6.376 (95% confidence interval, 2.65, 

15.34; P < 0.001). This relationship was independent of diabetes, hypertension, sex, ethnicity, LD, 

obesity, and statin use. Conclusion: sdLDL-C independently predicted CVD events whereas LDL-
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C did not. Thus, sdLDL-C may provide a useful clinical tool in risk stratifying and managing 

patients after LT.

Cardiovascular disease (CVD) is an important cause of mortality in liver transplant 

recipients (LTRs) and is only expected to rise as more-effective therapies for recurrent liver 

disease (LD) are developed such as direct antiviral agonists.(1–3) CVD risk can be stratified 

into either nonmodifiable (age, sex, family history, etc.) or modifiable (lipid prof smoking 

cessation, weight loss, etc.) risk factors.(4,5) In clinical practice, risk of future CVD events is 

modified by positively impacting modifiable risk factors. Traditional lipid profile consisting 

of total cholesterol, low-density lipoprotein (LDL) cholesterol (LDL-C), high-density 

lipoprotein (HDL) cholesterol (HDL-C), and triglycerides are often used to risk stratify 

patients at increased risk for future CVD events and in need of lipid-lowering therapy.(6)

The recommendation to implement lipid-lowering therapy is based on perturbations of the 

traditional lipid profile, and the target levels have evolved over time.(7,8) This is partly 

attributed to the recognition of metabolic comorbidities as key contributors to future CVD 

risk, but also to suboptimal performance of traditional lipid profile to predict future CVD 

outcomes.(9,10) The traditional lipid profile fails to account for complex lipoprotein 

subparticles that have varying degrees of CVD risk, and measuring individual lipoproteins 

linked to atherosclerosis is a better predictor of future CVD events.(11–14) The key 

lipoproteins that are linked to CVD events include small dense LDL-C (sdLDL-C), LDL 

particle size, HDL-2 subtype, and very low-density lipoprotein (VLDL) cholesterol (VLDL-

C).(11,15–17) Liver transplantation (LT) is associated with a propensity for proatherosclerotic 

lipoprotein milieu characterized by increase in sdLDL-C, VLDL size, and concentrations.
(18) These findings are further exaggerated in patients with post-LT hepatic steatosis (HS) 

and by choice of immunosuppression with cyclosporine use favoring more atherogenic 

lipoproteins.(19) Despite the robust literature in the general population linking atherogenic 

sdLDL-C to CVD events, there are currently no such data in LTRs. Therefore, to overcome 

this significant knowledge gap, we conducted this prospective study to evaluate the 

performance of the traditional lipid profile and sdLDL-C to predict CVD events after LT.

Patients and Methods

The present study is an ancillary study of an ongoing study of cardiometabolic risk in LTRs. 

The study was reviewed and approved by the institutional review board of Virginia 

Commonwealth University (Richmond, VA). Data were analyzed in its entirety by the 

investigators who are fully responsible for the data and conclusion. The manuscript was 

reviewed and approved by all investigators before its submission.

PATIENT POPULATION

The study population consisted of LTRs followed at the author’s institution and were 

recruited to participate between January 1, 2012 and January 1, 2014. Informed consent was 

obtained for all patients prior to study enrollment. Patients with acute cellular rejection, graft 

cirrhosis, fibrosing cholestatic hepatitis C virus (HCV), multiorgan abdominal transplant, 

end-stage renal disease (ESRD) after LT on hemodialysis, and active malignancy were 
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excluded. Impact of HCV therapy on lipoprotein subparticles is unknown. Also, HCV 

confers increased atherosclerotic risk, and therefore patients who were enrolled on active 

therapy may have a different atherogenic risk profile after sustained virological response.
(20,21) Thus, in this proof-of-concept study, patients on active HCV therapy were excluded, 

but allowed to participate after they completed therapy. After an overnight fast, protocol-

driven anthropometric measures and blood tests were collected.

Dyslipidemia was managed according to societal guidelines according to serum lipid levels 

and presence of cardiometabolic risk factors. The first choice of medication for management 

of dyslipidemia was β-hydroxy β-methylglutaryl-CoA reductase inhibitors or statin, which 

were titrated to desired lipid goal or patient tolerance. Patients intolerant to statin therapy 

were treated with alternative regiments, including fibrates, fish oil, and ezetimibe. All 

patients were followed regularly in the clinic at least every 6 months until either last follow-

up or development of a cardiovascular event (CVE).

LIPOPROTEIN PROFILE

The tradition lipid profile, consisting of HDL-C, total cholesterol, LDL-C, and triglycerides, 

was collected for all patients. Additional lipoprotein subparticles, as outlined below, were 

collected. LDLs: LDL-C, LDL particle concentration (LDL-P) and size, sdLDL-C, sdLDL 

particle concentration, and % sdLDL-C.(11,15,22,23); HDLs: HDL-C, HDL particle 

concentration (HDL-P), HDL-C subclass 2 (HDL2-C), and apolipoprotein A-1 (apoA-1). 

HDL2 refers to medium-sized HDL particles(17,24); and VLDLs: serum apolipoprotein B 

(apoB), triglycerides, VLDL particle size, and VLDL particle concentration (VLDL-P).(25)

Lipoprotein cholesterol concentration (sdLDL-C, HDL-C, and LDL-C) was measured by 

qualitative assay kits as described.(26) Percent sdLDL was calculated from sdLDL-C and 

LDL-C. VLDL, LDL, and HDL particle number and size were measured by proton nuclear 

magnetic resonance spectroscopy at LipoScience (Raleigh, NC).

STATISTICAL ANALYSIS

The primary outcome of the current study was a composite endpoint consisting of angina, 

myocardial infraction (MI), need for revascularization, or cardiac death.(27–29) Patients with 

angina who subsequently had CVD on either abnormal cardiac stress test or cardiac 

catherization were included, whereas patients with chest pain and negative cardiac chest pain 

were excluded from the analysis. Patients were considered to be high risk if sdLDL-C >25 

mg/dL or LDL-C >100 mg/dL.(11,12,30) Kaplan-Meier curves were constructed, and 

differences between curves were evaluated using the log-rank test. Impact of sdLDL-C, 

biochemical, and clinical parameters on risk of CVD event was evaluated by Cox regression 

analysis. Cox regression models were constructed with LD, ethnicity, sex, hypertension, 

diabetes, obesity (body mass index [BMI] >30 kg/m2), statin use, and sdLDL-C (>25 

mg/dL) as covariates. Continuous variables are presented as a mean ± SD for normally 

distributed variables and as a median with interquartile range (IQR) for skewed data. 

Categorical variables are reported as numbers and percent. Comparisons between groups for 

continuous variables were made using the Student t test, whereas categorical variables were 

compared using the κ2 test. Baseline and follow-up measurements were compared using a 
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paired t test. A nominal P value of <0.05 was considered statistically significant. Linear 

regression models were constructed with sdLDL-C as the outcome measure. Covariates 

included: immunosuppression use (tacrolimus vs. cyclosporine), age, sex, ethnicity, BMI, 

LD, comorbid conditions (diabetes, hypertension, or obesity), VLDL-related lipoproteins 

(VLDL size, concentration), LDL size, and HDL-related parameters. Those variables noted 

to have a P value ≤0.1 were subsequently included in multivariate models at baseline. Data 

analysis was performed using SPSS software (version 24.0; IBM, Chicago, IL).

Results

PATIENT CHARACTERISTICS

A total of 173 patients were screened, and, of these, 130 met entry criteria and were enrolled 

into the study and included in the final analysis (Table 1). The most common exclusion 

criterion was active HCV therapy (N = 41); however, 10 of these patients were subsequently 

enrolled after completing therapy. Other common exclusion criteria included dual solid 

organ transplants (N = 6 simultaneous liver kidney and N = 1 combined liver-heart 

transplants), graft cirrhosis (N = 3), and ESRD (N = 2). Leading etiologies of chronic LD 

(CLD) leading to cirrhosis requiring LT were HCV (N = 48), nonalcoholic steatohepatitis 

(NASH; N = 23), and alcohol-related cirrhosis (N = 15). At enrollment, the study cohort 

consisted largely of males (N = 81) and non-Hispanic whites (N = 99). Mean age of the 

cohort was 58 ± 11 years, and mean BMI was 29.2 ± 5.7 kg/m2. Prevalence of 

cardiometabolic conditions, including diabetes, hypertension, and dyslipidemia, was 45 

(35%), 106 (82%), and 52 (40%), respectively, at baseline on enrollment.

BASELINE LIPID PROFILE

Mean values of the detailed lipid profile are reported in Table 2. At baseline, serum LDL-C, 

HDL-C, total cholesterol, and triglycerides levels were 97 ± 35, 54 ± 18, 177 ± 47, and 182 

± 31 mg/dL, respectively. Elevated serum LDL-C, as defined by LDL-C >100 mg/dL, was 

present in 55 patients (42%). Lipoprotein subparticles are also detailed in Table 2. 

Specifically, the concentration of major atherogenic liproprotein subparticles were as 

follows: sdLDL 27.0 ± 14.0 mg/dL, VLDL-P 5.65 ± 5.84 umol/L, apoB 84 ± 33 mg/dL, and 

LDL size of 20.9 ± 0.78 nm. Concentration of HDL-2, the major antiatherogenic HDL 

subparticle, was 19.6 ± 11.1 mg/dL.

Serum sdLDL-C was strongly associated with VLDL-related parameters, but not HDL-C, in 

regression analysis. Serum sdLDL-C was positively associated with serum triglycerides 

(standardized β-coefficient, 0.631; P < 0.001), apoB (standardized β-coefficient, 0.795; P < 

0.001), and VLDL-P (standardized β-coefficient, 0.624; P < 0.001). A positive trend 

between sdLDL-C and VLDL particle size was also noted. In contrast, an inverse 

relationship between sdLDL-C and LDL size (standardized β-coefficient, −0.392; P < 0.001) 

and tacrolimus, rather than cyclosporine, use (standardized β-coefficient, −0.201; P = 0.038) 

was demonstrated. sdLDL-C was also associated with BMI (standardized β-coefficient, 

0.232; P = 0.008) and hypertension (standardized β-coefficient, 0.226; P = 0.01) at baseline. 

In the multivariate regression model, the association between sdLDL-C and apoB (β-
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coefficient, 0.691 ± 0.031; P < 0.001), VLDL-P (β-coefficient, 0.234 ± 0.142; P = 0.001), 

and LDL-size (β-coefficient, −0.170 ± 1.048; P = 0.006) was maintained.

CVEs

The primary composite CVD outcome occurred in 20 patients after median follow-up of 45 

months (IQR, interquartile range, 35, 48).

Distribution of CVD outcomes included MI (N = 9), need for coronary revascularization (N 

= 8), and angina (N = 3). No CVD-associated death was noted within the study cohort. 

Using Cox proportional hazard analysis, only BMI was associated with risk of CVD event 

BMI (hazard ratio [HR], 1.103; 95% confidence interval [CI], 1.031; 1.179; P = 0.004). The 

traditional lipid profile, consisting of HDL-C, LDL-C, and total cholesterol, was not 

significantly different between patients that developed CVD events and those that did not 

(Fig. 1A–C; Tables 2 and 3). Serum triglycerides level was significantly higher at baseline in 

patients who had a CVD event (Fig. 1D). Of the lipoprotein subparticles evaluated, only 

baseline serum levels of sdLDL-C were significantly different in patients who had primary 

CVD-related outcomes (Fig. 2A–F). Presence of LDL-C >100 mg/dL was not predictive of 

CVD events (Fig. 3A). In contrast, baseline serum sdLDL-C was predictive of CVD events 

(Fig. 3B). At baseline, patients with sdLDL-C >25.0 mg/dL were more likely to have 

cardiometabolic diseases (Supporting Table S1). There were 17 CVD events observed in 

patients with sdLDL-C >25.0 mg/dL, whereas three CVD events occurred in those with 

sdLDL-C <25.0 mg/dL. A sdLDL-C level >25.0 mg/dL had an HR of 6.376 (95% CI, 2.65, 

15.34; P < 0.001) for predicting CVEs. Although accounting for LD, ethnicity, sex, 

hypertension, obesity, and statin use, sdLDL-C remained significantly associated with the 

risk of a CVD event with an HR of 4.657 (95% CI, 1.335, 16.239; P = 0.016).

Discussion

Dysregulated lipid metabolism is at the core of CVD risk; however, the traditional lipid 

profile may fail to accurately risk stratify patients at high risk for CVD events.(11,15,22–24,31) 

This is in part attributed to the complex nature of lipoproteins which consist of several 

subparticles, not all of which have atherogenic potential.(16,26) Thus, it is the ratio of 

atherogenic to nonatherogenic lipoprotein subparticles that predict future risk of CVD 

events.(11,23,24) Previously, in cross-sectional cohorts of patients without diabetes or HS, we 

demonstrated that LT favors the shift toward proatherogenic lipoprotein subparticles that is 

independent of traditional cardiometabolic risk factors such as diabetes, obesity, age, and 

sex.(18,19) In the current study, we reaffirm these findings with an expanded cohort and build 

on these findings by demonstrating that sdLDL-C was a predictor of CVD events, whereas 

the traditional lipid profile was not. Normally, triglycerides are produced within the liver and 

packaged with apoB and secreted in the form of VLDL.(32) In circulation, VLDL is hydro-

lyzed by lipoprotein lipase, resulting in production of large buoyant LDL particles, which 

have a high affinity of LDL receptor and are readily taken out from circulation.(33) However, 

as patients develop CLD, VLDL metabolism within the liver is perturbed, leading to 

increased production of large, triglyceride-laden VLDL particles, which are secreted from 

the liver.(34) These large VLDL particles are slowly metabolized intravascularly (5-day 
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residence time), which are subject to exchange processes that remove cholesteryl ester from 

the particle core and replace it with triacylglycerol.(35,36) These abnormally altered LDL 

particles serve as substrate for hepatic lipase, and if the activity of the enzyme is high 

enough, lipolysis results in small denser LDL particles or small dense LDL (sdLDL).(37) 

These sdLDL particles have lower affinity for LDL receptor, thus spending extended time in 

circulation. Furthermore, sdLDL particles can more readily migrate through the arterial 

endothelium and into the intima of the arterial wall, leading to greater propensity for 

intravascular plaque formation.(38,39) Within the intima, sdLDL undergoes oxidative 

modification and promotes inflammatory cascade, leading to migration and differentiation of 

monocytes into macrophages, which take up lipoprotein particles by scavenger receptors, 

leading to formation of lipid-laden foam cells.(40,41) These lipid-laden macrophages 

transition to a maladaptive proinflammatory state, which leads to unstable plaque and 

eventually plaque rupture and CVD-related event.(42) In the present study, we demonstrate a 

strong and independent association between sdLDL and serum triglycerides, VLDL-P, and 

LDL size, reaffirming the role of hypertriglyceridemia and large VLDL as key precursors for 

formation of sdLDL-C.

Calcineurin inhibitors are the backbone of the vast majority of immunosuppressive 

regiments in LTRs, but can promote dyslipidemia.(43,44) Previous studies have shown that 

cyclosporine has a higher propensity of dyslipidemia through a number of mechanisms, 

including increased triglyceride secretion, reduction in bile acid synthesis, and reduced 

lipolysis in circulation.(45) Additionally, cyclosporine is associated with more atherogenic 

lipoprotein subparticles, and these findings were confirmed in the current study.(18,19) The 

putative pathogenic mechanism necessary for production of sdLDL-C is likely exacerbated 

by cyclosporine use.

The present study utilized detailed lipoprotein subparticles to link specific proteins with 

CVD outcomes using a prospective cohort and provides valuable information that can be 

readily incorporated into clinical practice to hopefully improve clinical outcomes. However, 

the study should be evaluated in the context of its limitations. First, because of a lack of 

published data evaluating sdLDL-C and CVD events in LTRs, we could not adequately 

determine the power and sample size a priori. As such, in the present exploratory study, we 

provide robust data with sdLDL-C and CVD events to help adequately power future studies. 

Second, the current study was not designed to compare the diagnostic performance of 

sdLDL-C and the traditional lipid profile, and adequately powered prospective studies are 

necessary to evaluate this further. Third, the study did not evaluate the impact of lipid-

lowering therapy on lipoprotein subparticles, which may vary with the choice and strength 

of lipid-lowering therapy. Thus, to truly evaluate the impact of lipid-lowering therapy on 

lipoprotein would require a well-designed study with a large sample size treated with a 

single agent. The etiology of CLD may also impact the lipoprotein profile, and the present 

study did not account for these differences. Whereas this is true, a large number of patients 

matched for etiology and severity of Ld would be required and can only be conducted in 

large, multicenter, collaborative efforts. Within these limitations, the current study provides 

proof of concept showing the limited utility of the traditional lipid profile for risk stratifying 

patients.
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In conclusion, in the current study, sdLDL-C was an independent predictor of CVD 

outcomes in LTRs. Generation of atherogenic sdLDL-C likely results from insulin 

resistance, exposure to chronic immunosuppression, and fatty liver after LT. Future studies 

aimed at lowering serum sdLDL-C and linking to improvement in clinical outcomes are 

necessary to improve CVD risk management in LTRs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

apoA-1 apolipoprotein A-1

apoB apolipoprotein B

BMI body mass index

CI confidence interval

CLD chronic LD

CVD cardiovascular disease

CVE cardiovascular event

HCV hepatitis C virus

HDL high-density lipoprotein

HDL2-C HDL-C subclass 2

HDL-C high-density lipoprotein cholesterol

HR hazard ratio

LD liver disease

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

LT liver transplantation

LTRs liver transplant recipients

MI myocardial infarction

NASH nonalcoholic steatohepatitis

sdLDL small dense LDL

sdLDL-C small dense LDL-C

VLDL very low-density lipoprotein
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VLDL-C very low-density lipoprotein cholesterol

VLDL-P VLDL particle concentration
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FIG. 1. 
(A) Total serum cholesterol. (B) LDL-C. (C) HDL-C. (D) Serum triglycerides.
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FIG. 2. 
(A) apoA-1. (B) HDL-2. (C) sdLDL-C. (D) LDL particle size. (E) VLDL-P. (F) VLDL 

particle size.
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FIG. 3. 
Kaplan-Meier plot showing cumulative probability of remaining free CVEs according to (A) 

LDL-C and (B) sdLDL-C.

Siddiqui et al. Page 13

Hepatology. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 14

TA
B

L
E

 1
.

B
as

el
in

e 
C

lin
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 th
e 

St
ud

y 
C

oh
or

t

N
o 

C
V

D
 E

ve
nt

C
V

D
 E

ve
nt

P
 V

al
ue

C
lin

ic
al

 c
ha

ra
ct

er
is

tic
s

N
13

0
11

0
20

 
A

ge
 (

ye
ar

s)
58

 ±
 1

1
58

 ±
 1

1
58

 ±
 1

1
0.

86

 
Se

x,
 m

al
e 

(%
)

81
 (

62
)

66
 (

60
)

15
 (

75
)

0.
21

 
E

th
ni

ci
ty

0.
85

 
W

hi
te

 (
%

)
99

 (
76

)

 
B

la
ck

 (
%

)
25

 (
19

)
21

 (
19

)
4 

(2
0)

E
tio

lo
gy

 o
f 

L
D

0.
02

 
H

C
V

 (
%

)
48

 (
37

)
45

 (
41

)
3 

(1
5)

 
A

lc
oh

ol
 (

%
)

15
 (

12
)

13
 (

12
)

2 
(1

0)

 
N

A
SH

 (
%

)
23

 (
18

)
16

 (
15

)
7 

(3
5)

 
Fo

llo
w

-u
p 

tim
e 

fr
om

 L
T

 (
m

on
th

s)
66

 ±
 5

6
63

 ±
 5

4
87

 ±
 6

9
0.

23

C
ar

di
om

et
ab

ol
ic

 c
on

di
tio

ns

 
B

M
I 

(k
g/

m
2 )

29
.2

 ±
 5

.7
28

.4
 ±

 5
.2

33
.5

 ±
 6

.3
0.

00
2

 
D

ia
be

te
s 

(%
)

45
 (

35
)

34
 (

31
)

11
 (

55
)

0.
04

 
D

ys
lip

id
em

ia
 (

%
)

52
 (

40
)

39
 (

35
)

13
 (

65
)

0.
02

 
H

yp
er

te
ns

io
n 

(%
)

10
6 

(8
2)

88
 (

75
)

18
 (

90
)

0.
37

 
O

be
si

ty
 (

%
)

52
 (

40
)

39
 (

35
)

13
 (

65
)

0.
02

L
ab

or
at

or
y 

pa
ra

m
at

er
s

 
A

LT
 (

IU
/L

)
48

 ±
 3

8
50

 ±
 4

0
37

 ±
 2

1
0.

04

 
A

ST
 (

IU
/L

)
47

 ±
 3

0
49

 ±
 3

1
37

 ±
 1

7
0.

02

 
A

lk
al

in
e 

ph
os

ph
at

as
e 

(I
U

/L
)

13
6 

±
 9

8
13

9±
10

3
11

4 
±

 6
5

0.
17

 
B

ili
ru

bi
n,

 to
ta

l (
m

g/
dL

)
0.

78
 ±

 0
.7

7
0.

82
 ±

 0
.8

3
0.

54
 ±

 0
.1

6
0.

00
1

 
B

ili
ru

bi
n,

 d
ir

ec
t (

m
g/

dL
)

0.
33

 ±
 0

.3
3

0.
35

 ±
 0

.3
6

0.
20

 ±
 0

.0
7

<
0.

00
1

Im
m

un
os

up
pr

es
sa

nt
s

 
C

yc
lo

sp
or

in
e 

(%
)

41
 (

32
)

36
 (

33
)

5 
(2

5)
0.

61

 
R

ap
am

un
e 

(%
)

27
 (

21
)

20
 (

18
)

7 
(3

5)
0.

13

 
Ta

cr
ol

im
us

 (
%

)
78

 (
60

)
68

 (
62

)
10

 (
50

)
0.

33

Hepatology. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 15
A

bb
re

vi
at

io
ns

: A
LT

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
.

Hepatology. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 16

TA
B

L
E

 2
.

B
as

el
in

e 
L

ip
id

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
E

nt
ir

e 
C

oh
or

t

E
nt

ir
e 

C
oh

or
t 

(N
 =

 1
30

)
N

o 
C

V
D

 E
ve

nt
 (

N
 =

 1
10

)
C

V
D

 E
ve

nt
 (

N
 =

 2
0)

P
 V

al
ue

H
D

L

ap
oA

-1
 (

m
g/

dL
)

13
6 

±
 2

7
13

7 
±

 2
8

13
1 

±
 2

3
0.

41

H
D

L
-C

 (
m

d/
dL

)
54

 ±
 1

8
55

 ±
 1

7
49

 ±
 1

6
0.

14

H
D

L
-P

 (
um

ol
/L

)
29

.5
 ±

 8
.0

30
 ±

 8
29

 ±
 5

0.
49

H
D

L
2-

C
 (

m
g/

dL
)

19
.6

 ±
 1

1.
1

20
 ±

 1
1

16
 ±

 9
0.

13

L
D

L

L
D

L
-C

 (
m

g/
dL

)
97

 ±
 3

5
97

 ±
 3

4
96

 ±
 4

2
0.

87

L
D

L
-P

 (
um

ol
/L

)
1,

37
2 

±
 5

56
1,

35
2 

±
 5

37
1,

48
7 

±
 6

57
0.

41

L
D

L
 p

ar
tic

le
 s

iz
e 

(n
m

)
20

.9
 ±

 0
.7

8
20

.9
 ±

 0
.7

8
20

.4
 ±

0.
67

0.
06

sd
L

D
L

-C
 (

m
g/

dL
)

27
.0

 ±
 1

4.
0

25
.4

 ±
 1

3.
5

36
.0

 ±
 1

3.
8

0.
00

2

%
 s

dL
D

L
-C

26
.9

 ±
 9

.8
25

.4
 ±

 9
.3

35
 ±

 8
.3

<
0.

00
1

V
L

D
L

ap
oB

 (
m

g/
dL

)
84

 ±
 3

3
82

 ±
 2

7
89

 ±
 3

7
0.

38

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

18
2 

±
 1

31
16

1 
±

 8
9

22
9 

±
 9

8
0.

00
8

V
L

D
L

 p
ar

tic
le

 s
iz

e 
(n

m
)

49
.6

 ±
 6

.4
49

.4
 ±

 6
.7

50
.9

 ±
 4

.1
0.

35

V
L

D
L

-P
 (

um
ol

/L
)

5.
65

 ±
 5

.8
4

5.
42

 ±
 6

.1
5

7.
19

 ±
 2

.7
7

0.
49

Hepatology. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siddiqui et al. Page 17

TA
B

L
E

 3
.

T
ra

di
tio

na
l L

ip
id

 P
ro

fi
le

 in
 P

at
ie

nt
s 

St
ra

tif
ie

d 
B

as
ed

 o
n 

C
V

D
 E

ve
nt

s

N
o 

C
V

D
 E

ve
nt

s
C

V
D

 E
ve

nt
s

B
as

el
in

e
F

ol
lo

w
-u

p
P

 V
al

ue
B

as
el

in
e

F
ol

lo
w

-u
p

P
 V

al
ue

L
D

L
-C

 (
m

g/
dL

)
97

 ±
 3

4
96

 ±
 2

9
0.

88
96

 ±
 4

2
86

 ±
 4

0
0.

88

H
D

L
-C

 (
m

g/
dL

)
55

 ±
 1

7
48

 ±
 2

0
0.

15
49

 ±
 1

5
41

 ±
 1

5
0.

11

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

16
1 

±
 8

9
16

9±
22

8
0.

00
2

22
9 

±
 9

8
22

6±
13

5
0.

00
8

C
ho

le
st

er
ol

 (
m

g/
dL

)
17

6 
±

 4
5

18
6±

12
2

0.
74

18
0 

±
 5

8
16

7 
±

 4
5

0.
50

Hepatology. Author manuscript; available in PMC 2020 July 01.


	Abstract
	Patients and Methods
	PATIENT POPULATION
	LIPOPROTEIN PROFILE
	STATISTICAL ANALYSIS

	Results
	PATIENT CHARACTERISTICS
	BASELINE LIPID PROFILE
	CVEs

	Discussion
	References
	FIG. 1.
	FIG. 2.
	FIG. 3.
	TABLE 1.
	TABLE 2.
	TABLE 3.

