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Abstract
BACKGROUND 
Many studies have investigated the progression of nonalcoholic fatty liver disease 
(NAFLD) and its predisposing risk factors, but the conclusions from these studies 
have been conflicting. More challenging is the fact that no effective treatment is 
currently available for NAFLD.

AIM 
To determine the effects of proprotein convertase subtilisin/kexin type-9 (PCSK9) 
inhibitors on fatty infiltration of the liver.

METHODS 
This retrospective, chart review-based study was conducted on patients, 18-year-
old and above, who were currently on PCSK9 inhibitor drug therapy. Patients 
were excluded from the study according to missing pre- or post-treatment 
imaging or laboratory values, presence of cirrhosis or rhabdomyolysis, or 
development of acute liver injury during the PCSK9 inhibitor treatment period; 
the latter being due to false elevation of liver function markers, alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST). Radiographic 
improvement was assessed by a single radiologist, who read both the pre- and 
post-treatment images to minimize reading bias. Fatty infiltration of the liver was 
also assessed by changes in ALT and AST, with pre- and post-treatment levels 
compared by paired t-test (alpha criterion: 0.05).
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RESULTS 
Of the 29 patients included in the study, 8 were male (27.6%) and 21 were female 
(72.4%). Essential hypertension was present in 25 (86.2%) of the patients, diabetes 
mellitus in 18 (62.1%) and obesity in 15 (51.7%). In all, patients were on PCSK9 
inhibitors for a mean duration of 23.69 ± 11.18 mo until the most recent ALT and 
AST measures were obtained. Of the 11 patients who received the radiologic 
diagnosis of hepatic steatosis, 8 (72.73%) achieved complete radiologic resolution 
upon use of PCSK9 inhibitors (mean duration of 17.6 mo). On average, the ALT 
level (IU/L) decreased from 21.83 ± 11.89 at pretreatment to 17.69 ± 8.00 at post-
treatment (2-tailed P = 0.042) and AST level (IU/L) decreased from 22.48 ± 9.00 
pretreatment to 20.59 ± 5.47 post-treatment (2-tailed P = 0.201).

CONCLUSION 
PCSK9 inhibitors can slow down or even completely resolve NAFLD.

Key Words: Proprotein convertase subtilisin/kexin type-9 inhibitor; Fatty liver; 
Nonalcoholic fatty liver disease; Alanine aminotransferase; Aspartate aminotransferase; 
Imaging
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Core Tip: This retrospective study evaluated the effects of proprotein convertase 
subtilisin/kexin type-9 (PCSK9) inhibitors on fatty infiltration of the liver. Among the 
29 selected patients, 11 were found to have radiologic diagnosis of hepatic steatosis 
and 8 of those (72.73%) achieved complete radiologic resolution of the condition upon 
use of PCSK9 inhibitors for mean duration of 17.6 mo. Both alanine aminotransferase 
and aspartate aminotransferase levels showed a downward trend after PCSK9 
inhibitors for mean duration of 23.69 ± 11.18 mo. These results highlight the potential 
benefit of PCSK9 inhibitors use for patients with nonalcoholic fatty liver disease.

Citation: Shafiq M, Walmann T, Nutalapati V, Gibson C, Zafar Y. Effects of proprotein 
convertase subtilisin/kexin type-9 inhibitors on fatty liver. World J Hepatol 2020; 12(12): 1258-
1167
URL: https://www.wjgnet.com/1948-5182/full/v12/i12/1258.htm
DOI: https://dx.doi.org/10.4254/wjh.v12.i12.1258

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a spectrum of fatty infiltration of the liver 
and is considered the most common chronic liver disease in the world[1]. Cases range 
from nonalcoholic fatty liver-a relatively benign condition-to nonalcoholic 
steatohepatitis (commonly known as NASH), which can eventually lead to the life-
threatening condition of cirrhosis[1-3]. The continually increasing prevalence of NAFLD 
and numbers of cases progressing to cirrhosis, itself a major co-morbidity and 
emerging public health concern[4], have prompted many researchers to investigate the 
underlying mechanisms of NAFLD progression and the pre-disposing risk factors of 
such[3,5-7]. However, the conclusions from these studies have been conflicting. Even 
more challenging is the fact that there is currently no effective treatment available for 
NAFLD.

As some recent studies have implicated increased proprotein convertase 
subtilisin/kexin type-9 (PCSK9) synthesis and release in the pathogenic process of 
NAFLD[8,9], we hypothesized that PCSK9 inhibition could lead to improvement in fatty 
infiltration of the liver. Thus, the aim of this study was to assess improvement in fatty 
infiltration of the liver among patients on PCSK9 inhibitor drug therapy.

http://creativecommons.org/licenses/by-nc/4.0/
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MATERIALS AND METHODS
Study design
This study was designed as a retrospective, chart-based review. After approval from 
the hospital’s Institutional Review Board, the database of the study site was searched 
for patients who were over 18 years in age and had received PCSK9 inhibitors anytime 
from January of 2015 until July of 2019.

Exclusion criteria
Patient records were excluded from the study according to: Missing pre- or post-
treatment imaging; missing pre- or post-treatment laboratory values; diagnosis of 
cirrhosis, to avoid confounding by the inherently low alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) levels; signs of rhabdomyolysis that had 
developed any time during the PCSK9 inhibitor therapy, to avoid confounding by the 
inherently elevated ALT and AST; or presence of acute liver injury due to known 
cause, not thought to be related to PCSK9 inhibitor. For example, ‘Female B’ was 
started on PCSK9 inhibitors in February of 2018, and at that time showed ALT of 100 
U/L and AST of 90 U/L. She experienced septic shock in May of 2018, due to 
pneumonia, and subsequent ischemic hepatitis (“shock liver”) with ALT of 3000 U/L 
and AST of 1850 U/L. Her case could not be regarded as “no improvement” or even of 
“worsening”, since a separate injury increased the levels of liver function enzymes.

Outcomes
Radiologic resolution of hepatic steatosis was the primary outcome, and improvement 
in liver biomarkers was the secondary outcome.

Radiologic resolution: Liver imaging scans [computed tomography (CT) scan, 
ultrasound (US)] that had been performed before the start of PCSK9 inhibitor therapy 
were compared with the most recent imaging scans, that had been performed at least 3 
mo after the start of the PCSK9 inhibitor therapy. In order to minimize the 
confounding factors, a single radiologist worked independently to read the scans from 
before and after treatment. Where possible, attempts were made to compare CT scan 
with CT scan (or US to US scan), if both had been performed at the pre- and post-
treatment times. Hepatic steatosis was defined by the following[10,11]: (1) ≤ 40 
Hounsfield units (HU) on a non-contrast CT scan or during phase when the liver was 
not contrast-enhanced, such as a chest CT in the very early phase of contrast; (2) < 70 
HU during portal venous phase image; and (3) Increased echogenicity on US of the 
liver parenchyma compared to the kidney, with loss of normal periportal echogenicity.

Liver biomarkers’ improvement: ALT and AST were used as the biomarkers to assess 
improvement of fatty infiltration of the liver, as ALT and AST can be elevated in fatty 
liver. Pretreatment levels of ALT and AST were compared with those measured post-
treatment (at least 3 mo after the start of PCSK9 inhibitor therapy). The most recent 
ALT and AST measures obtained after the initiation of PCSK9 inhibitors were 
considered post-treatment values. For example, “Male A” had been started on PCSK9 
inhibitors in January of 2015. Liver function tests were conducted during the treatment 
period (no interruptions in drug therapy), first in June of 2015 and then in January of 
2016. For the study, the ALT and AST levels measured in January of 2016 were taken 
as the post-treatment levels since they were the most recent.

Data analysis
PCSK9 inhibitor use is currently low, due to its few indications as well as its cost. On 
top of that, selecting patients based on the strict selection criteria (in an attempt to 
minimize the influence of confounding factors) led to an anticipated small sample size. 
Radiologic improvement was reported in the form of descriptive data. Improvement in 
ALT and AST was assessed through paired t-test, with alpha criterion of 0.05.

RESULTS
Based on the strict selection criteria (in order to minimize confounders), 29 patients 
were included in this study.
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Patient characteristics
The patient characteristics of the overall study population are summarized in Table 1. 
The majority of patients (n = 20; 68.96%) were started on PCSK9 inhibitors due to statin 
intolerance and need for lipid control, in particular lowering low-density lipoprotein 
(LDL) level. Six patients (20.68%) were able to tolerate their statin treatment but never 
achieved adequate control of their LDL levels, and therefore were started on PCSK9 
inhibitors. No specific reason could be found for the initiation of PCSK9 inhibitors for 
the remaining 3 patients (10.36%).

Table 2 provides a summary of the types of PCSK9 inhibitor used by the study 
population and the age at which the treatments were initiated.

Primary endpoint
Pretreatment CT scan was compared with post-treatment CT scan for 26 (89.7%) of the 
patients. Pretreatment US was compared with post-treatment US for 2 patients, and 
only 1 patient required comparison of pretreatment CT scan with post-treatment US 
scan. As shown in Figure 1, 11 patients (37.9%) of the total study population had 
radiologic diagnosis of hepatic steatosis. Among these 11 patients, 8 (72.73%) achieved 
complete radiologic resolution of the hepatic steatosis after use of PCSK9 inhibitors for 
a mean duration of 17.6 mo. Figure 2A and B provide a comparison of CT images of 
liver, before and after treatment with PCSK9 inhibitor, from a patient who experienced 
complete resolution of hepatic steatosis.

Secondary endpoint
Only 2 patients (6.9%) of the total study population had abnormally elevated 
pretreatment AST levels. One patient had a pretreatment AST level of 41 IU/L, and the 
other patient had 44 IU/L; the upper limit of normal for AST at the study site is 40 
IU/L. Post-treatment, AST level normalized for both patients (27 IU/L and 21 IU/L 
respectively). Although all other patients in the study had normal pretreatment ALT 
and AST levels, both markers showed a downward trend after PCSK9 use—showing a 
statistically significant reduction for ALT, as summarized in Table 3.

DISCUSSION
Though the study population was small, our study showed not only a downward 
trend in the ALT and AST levels among patients who used PCSK9 inhibitors but also 
that 8 out of the 11 patients with hepatic steatosis achieved complete radiologic 
resolution. In general, it appeared that the patient needed to be on PCSK9 inhibitors 
for approximately 1.5 years to see reasonable radiologic improvement and for about 2 
years to see a downward trend in ALT and AST levels.

PCSK9 is an enzyme synthesized mainly by the liver[12]. It binds to the LDL receptor 
(LDL-R) on the surface of hepatocytes, leading to the degradation of the LDL-R 
itself[13]. When LDL-R receptors are degraded, the result is an increase in plasma LDL-
cholesterol levels. Evolocumab and alirocumab, both approved by the United States’ 
Federal Drug Administration (commonly referred to as FDA) in 2015, are fully 
humanized monoclonal antibodies that bind free plasma PCSK9, promoting 
degradation of this enzyme. Hence, the result is decreased degradation of LDL-R and 
increased up-take of the plasma LDL-cholesterol to liver; consequently, the levels of 
LDL in blood decrease. These PCSK9 inhibitors were initially approved by the FDA 
only for the treatment of familial hypercholesterolemia[14-16]. Subsequent approval 
provided for primary and secondary prevention of cardiovascular events in patients 
whose LDL-cholesterol was not at target level, despite being on optimal statin therapy, 
or who were intolerant to statins[17]. However, the long-term effects and mortality 
benefits are still unclear[17,18]. Some recent studies have shown that increased PCSK9 
synthesis and release might be involved in NAFLD pathogenesis as well[8,9], which 
suggests that inhibition of PCSK9 may actually stop development or progression of 
NAFLD. Indeed, Theocharidou et al[9] demonstrated such, which prompted our interest 
in this research project. Despite the small sample size, our results, too, are promising.

Patients with NAFLD are four to five times more likely to develop cirrhosis and 
three to four times more likely to develop hepatocellular carcinoma, when compared 
to patients without NAFLD[19]. However, as of this writing, there is no effective 
treatment available for NAFLD. Weight loss is considered as the first step in the 
disease management[20]. While some pharmacologic therapy options are available, they 
have shown limited benefit. Vitamin E is recommended for NAFLD patients but only 
those without diabetes[21]. For NAFLD patients with type 2 diabetes, in particular, 
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Table 1 Baseline characteristics of the study population

Characteristic Males Females Total

Sex 8 21 29

Race

Caucasian 7 16 23

African American 1 4 5

Other/unknown 0 1 1

Presence of

Diabetes 3 15 18

Hypertension 8 17 25

Obesity 5 10 15

Reason for PCSK-9 inhibitor initiation

Statin intolerance 4 16 20

Inadequate lipid control 2 4 6

Not known 2 1 3

PCSK9: Proprotein convertase subtilisin/kexin type-9.

Table 2 Types of proprotein convertase subtilisin/kexin type-9 inhibitor used by the study population

Males Females Total

Type of PCSK9 inhibitor

Evolocumab 5 17 22

Alirocumab 3 4 7

Age in year at PCSK9 inhibitor initiation, mean ± SD 67.7 ± 7.6 63.6 ± 9.6 64.8 ± 9.1

Concomitant statin therapy during PCSK-9 therapy 1 5 6

PCSK9: Proprotein convertase subtilisin/kexin type-9; SD: Standard deviation.

pioglitazone is recommended as an second line anti-diabetic medication, after 
metformin, due to the slight biochemical and histologic improvements seen with its 
use[22]. Since high-dose vitamin E is associated with an increase in all-cause mortality[23] 
and pioglitazone can cause both fluid retention and worsening of congestive heart 
failure[24], a benefit and risk assessment is necessary before initiation of either of these 
pharmacologic therapies. Atorvastatin and omega-3 fatty acids have also been studied 
among patients with NAFLD but remain of uncertain benefit to date.

Since 2010, several new therapies and clinical trials have come forward but their 
impact has been either limited by a weak degree of improvement or a less favorable 
side effect profile[25]. Most notable of all the new agents is obeticholic acid. In a 
multicenter, randomized, placebo-controlled phase-3 clinical trial of obeticholic acid 
which lasted from December 9, 2015 until October 26, 2018, the group treated with 25 
mg obeticholic acid demonstrated improvement in the liver fibrosis endpoint but the 
NASH resolution endpoint was not met[26]. Moreover, more than half of the patients in 
the 25 mg treatment group experienced pruritis and 14% of patients experienced 
serious adverse events[26]. A recently published retrospective study by Zafar et al[27] 
showed increase in ALT and AST levels with the use of PCSK9 inhibitors, but of only 
6.2 mg/dL and 5.8 mg/dL respectively. These are small increases and appear to be 
clinically insignificant. It is important to note as well that the follow-up time (since 
start of PCSK9 inhibitors) in that study was only 6 mo. A meta-analysis by Zhang 
et al[28] evaluated 25 randomized control trials, comprising a total sample of 12200 
patients, and found that the PCSK9 inhibitors overall adverse effects profile was not 
significantly different than placebo. Rather, evolocumab was noted to reduce the rate 
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Table 3 Effects of proprotein convertase subtilisin/kexin type-9 inhibitor on secondary outcome (alanine aminotransferase and 
aspartate aminotransferase) and lipid panel

Parameter Males Females Combined

Time elapsed in month from PCSK9 inhibitor initiation until most recent ALT 
and AST measurements

18.4 ± 11.2 25.71 ± 10.74 23.69 ± 11.18

Pre-treatment Post-treatment Sig (2-tailed)1

ALT in IU/L 21.83 ± 11.89 17.69 ± 8.00 0.042

AST in IU/L 22.48 ± 9.00 20.59 ± 5.47 0.201

LDL in mg/dL 150.43 ± 44.69 90.89 ± 35.67 0.000

Triglycerides in mg/dL 220.07 ± 143.36 196.34 ± 140.73 0.447

HDL in mg/dL 48.59 ± 12.97 48.90 ± 16.27 0.884

Data are presented as mean ± standard deviation.
12-tailed P value for paired t-test. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HDL: High-density lipoprotein; LDL: Low-density 
lipoprotein; PCSK9: Proprotein convertase subtilisin/kexin type-9.

Figure 1  Flow diagram for primary outcome (resolution of hepatic steatosis). PCSK9: Proprotein convertase subtilisin/kexin type-9.

of abnormal liver function, as was noted in our study. Hence, it can be concluded 
based on the available data that PCSK9 inhibitors are safe to use.

Important limitations of our study include the absence of a control population, a 
small sample size, the retrospective design, and single-center study design. Each of 
these limitations may impact the external validity. However, despite these limitations, 
the potential of PCSK9 inhibitors for NAFLD was supported by our findings of 
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Figure 2  Pre- vs post-treatment computed tomography scans of the liver. A: Liver computed tomography (CT) scan before treatment with proprotein 
convertase subtilisin/kexin type-9 (PCSK9) inhibitor, showing the liver to be homogeneously hypodense (< 40 HU) and the portal and hepatic veins to have unclear 
delineation from the surrounding parenchyma; B: Liver CT scan after treatment with PCSK9 inhibitor, showing the liver to have increased density and the portal and 
hepatic veins to be clear (i.e., linear hypodense structures, in contrast to the more hyperdense liver parenchyma).

radiologic resolution of hepatic steatosis among 8 of 11 patients and of the downward 
trend of ALT and AST among the entire study population, despite having been within 
normal range pretreatment. This study, in conjunction with similar studies[9], can serve 
as the basis for prospective research to further delineate the potential of PCSK9 
inhibitors for NAFLD and NASH.

CONCLUSION
PCSK9 inhibitors can slow down or even result in complete resolution of NAFLD. 
However, considering the limitations of this study, prospective studies are needed to 
validate these findings.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD) is considered the most common chronic liver 
disease in the world and can be life-threatening, with some cases progressing to end-
stage liver disease. Yet, there is no effective treatment available for it.

Research motivation
Proprotein convertase subtilisin/kexin type-9 (PCSK9) inhibitors have produced 
favorable effects on liver function in some studies. This prompted our interest in 
determining whether PCSK9 inhibitors can elicit a therapeutic effect on hepatic 
steatosis.

Research objectives
Radiologic resolution of hepatic steatosis was the primary outcome, and improvement 
in liver function biomarkers was the secondary outcome.

Research methods
This study was designed as a retrospective chart review and included the medical 
records of 29 adult patients (18 years and above in age) who had received PCSK9 
inhibitors anytime from January 2015 to July 2019.

Research results
Among the total 29 patients, 11 were found to have radiologic diagnosis of hepatic 
steatosis. Eight of these eleven patients (72.73%) achieved complete radiologic 
resolution of hepatic steatosis after using PCSK9 inhibitors for a mean duration of 17.6 
mo. Levels of both alanine aminotransferase and aspartate aminotransferase levels also 
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showed a downward trend after use of PCSK9 inhibitors for about 2 years.

Research conclusions
PCSK9 inhibitors can slow down or even result in complete resolution of NAFLD.

Research perspectives
The findings from this study, in conjunction with those from similar studies, can serve 
as the basis for future prospective research to further explore the effects of PCSK9 
inhibitors on hepatic steatosis. PCSK9 inhibitors may represent a significant 
breakthrough treatment for NAFLD, if prospective studies corroborate the current 
findings.
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