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sterols (all P > 0.05).  Summing up, circulating PCSK9 is 
increased by cholesterol synthesis and absorption inhibitors. 
Increased PCSK9 expression may partly explain the strong 
reductions of LDL-cholesterol achieved with PCSK9-anti-
bodies after such pretreatment. On the other hand, treat-
ment with PCSK9-antibodies does not significantly change 
the balance between cholesterol synthesis and absorption.—
Silbernagel, G., L. K. Steiner, T. Hollstein, G. Fauler, H. 
Scharnagl, T. Stojakovic, F. Schumann, B. Bölükbasi, W. 
März, E. Steinhagen-Thiessen, U. Laufs, and U. Kassner. The 
interrelations between PCSK9 metabolism and cholesterol 
synthesis and absorption. J. Lipid Res. 2019. 60: 161–167.
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Proprotein convertase subtilisin/kexin type 9 (PCSK9)-
antibodies are increasingly used in patients with hypercho-
lesterolemia who do not reach LDL-cholesterol treatment 
targets  with  the  maximally  tolerated  doses  of  statins  and 
ezetimibe (1, 2). Recent outcome trials have provided evi-
dence that the two approved PCSK9-antibodies, alirocumab 
and evolocumab, not only reduce LDL-cholesterol but also 
the risk of cardiovascular events (3, 4).

There  is broad evidence  that PCSK9-antibodies  inhibit 
the degradation of the LDL-receptor in hepatocytes, thereby 
leading to  increased LDL-receptor-mediated uptake of 
LDL by the liver (5). However, only a few small studies have 
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investigated the interrelations between PCSK9 metabolism, 
cholesterol synthesis, and cholesterol absorption.

The  present  study  was  therefore  performed  to  investi-
gate the impact of treatment with cholesterol synthesis and 
absorption inhibitors on circulating PCSK9. Moreover, we 
aimed to thoroughly analyze the effects of treatment with 
PCSK9-antibodies (alirocumab or evolocumab) on choles-
terol synthesis and absorption. Circulating lathosterol (cho-
lesterol  precursor)  was  measured  to  estimate  cholesterol 
synthesis,  and  campesterol  and  sitosterol  (plant  sterols) 
were measured to estimate cholesterol absorption (6–8).

MATERIALS AND METHODS

Patients
This  is  an  observational  trial  of  patients  receiving  PCSK9-

antibodies (alirocumab 75 or 150 mg sc once every 2 weeks or 
evolocumab 140 mg  sc once every 2 weeks)  in  clinical  routine. 
The patients were recruited in 2016 and 2017 at the Outpatient 
Lipid Clinics of the Charité Berlin (Berlin, Germany) and the De-
partment of Cardiology of the University Clinics Homburg Saar 
(Homburg, Germany). Inclusion criteria were age 18 years, pre-
scription  of  PCSK9-antibodies,  and  ability  to  understand  the 
purpose of  the  study. According  to current guidelines, patients 
receiving alirocumab or evolocumab were eligible  for  inclusion 
into the study (1, 2). Patients not able to participate in the follow-
up visit were excluded. There were two study visits, the first before 
the start of the treatment with PCSK9-antibodies and the second 
4–8  weeks  after  initiation  of  treatment  with  PCSK9-antibodies.  
At the first visit, the patients filled out a standard questionnaire 
aimed at documenting medical history. In addition, they under-
went routine clinical investigation. Before initiation of treatment 
with PCSK9-antibodies and after 4–8 weeks of treatment with PCSK9-
antibodies, the patients underwent routine blood withdrawal.

Diabetes  mellitus,  hypertension,  and  cardiovascular  disease 
(coronary artery disease, cerebral artery disease, and/or periph-
eral artery disease) were diagnosed based on medical records.

Written informed consent was obtained from each patient in-
cluded in the study, the study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki, and the study pro-
tocol has been approved by the Institutions’ ethics committees on 
research on humans (EA4/178/15 and 162/15).

Laboratory analyses
Laboratory analyses were performed in fasting blood samples. 

Circulating  PCSK9  was  measured  using  the  Quantikine  human 
PCSK9 sandwich immunoassay (R&D Systems, Minneapolis, MN) 
(9). Lipoproteins were separated using a combined ultracentrifu-
gation precipitation method (-quantification). Cholesterol and 
triglycerides were measured with enzymatic reagents from DiaSys 
(Holzheim, Germany) on an Olympus AU640 automated analyzer.

Noncholesterol  sterols were measured  in plasma kept  frozen  
at 80°C from the date of blood withdrawal until the day of analysis 
applying electron ionization gas chromatography and mass spec-
trometry (single ion monitoring mode), as previously described 
in detail (7). In short, a Thermo Trace 1300 gas chromatograph 
coupled to a ISQlt quadrupole mass spectrometer was used with 
helium as carrier gas. Sample pretreatment included the addition 
of epicoprostanol  (internal  standard), butylated hydroxytoluene 
(antioxidant), and 50 l of distilled water to 50 l of plasma. 
Then the samples were hydrolyzed in ethanolic KOH-solution at 
75°C followed by liquid-phase extraction, solid-phase purification, 

and derivatization to trimethylsilylethers and finally subjected to gas 
chromatography and mass spectrometry analysis. The significant 
ions were m/z 382.4 for campesterol, m/z 357.3 for sitosterol, m/z 
458.5 for lathosterol, and m/z 370.4 for epicoprostanol (7).

Statistical analysis
We calculated the ratios of the noncholesterol sterols to cho-

lesterol. Moreover, the ratios of campesterol and sitosterol to 
lathosterol  were  calculated.  Baseline  clinical  and  biochemical 
characteristics were presented for the entire cohort using means 
and standard errors of the means for continuous variables and 
numbers  and  percentages  for  categorical  data.  Correlations  of 
noncholesterol sterols with cholesterol and among noncholesterol 
sterol ratios were shown as Pearson correlations. Data  for major 
lipids and noncholesterol sterols were also presented stratified for 
lipid-lowering pretreatment. Comparisons among the groups were 
made with ANOVA. Moreover, post hoc analyses for specific com-
parisons were made with  the  t-test. Changes of major  lipids and 
noncholesterol sterols in response to PCSK9-antibodies were shown 
as absolute changes and percent changes. The paired samples 
t-test was used to compare pretreatment and posttreatment values. 
The changes of major lipids and noncholesterol sterols in response 
to PCSK9-antibodies were also shown stratified for pretreatment. 
ANOVA was used to compare percent changes according to pre-
treatment. Crude noncholesterol sterols, noncholesterol sterol to 
cholesterol ratios, and triglycerides were transformed logarithmi-
cally before being used in parametric statistical procedures. The 
SPSS 23 (IBM, Armonk, NY) statistical package was used.

RESULTS

Baseline characteristics
The patients were middle-aged and, on average, moder-

ately overweight (Table 1). There was a high prevalence of 

TABLE  1.  Baseline characteristics of the study participants

Number 245
Age, years 61.3 (0.7)
Body mass index, kg/m2 28.2 (0.3)
Hypertension 153 (64.6)
Diabetes mellitus 56 (23.1)
Cardiovascular disease 198 (81.8)
Smoking 60 (25.3)
Statin intolerance
 No 55 (25.6)
 Partial 58 (27.0)
  Complete 102 (47.4)
Lipid lowering therapy 161 (65.7)
 Statin 135 (55.1)
 Ezetimibe 123 (50.2)
PCSK9, ng/ml 356 (17)
Lipids
 Total cholesterol, mmol/l 6.31 (0.11)
  LDL-cholesterol, mmol/l 3.87 (0.10)
  HDL-cholesterol, mmol/l 1.19 (0.03)
 Total triglycerides, mmol/l 1.98 (0.09)
 Lathosterol, mol/l 13.02 (0.79)
  Campesterol, mol/l 13.89 (0.69)
 Sitosterol, mol/l 16.64 (0.67)
 Lathosterol:cholesterol, mol/mmol 2.00 (0.11)
  Campesterol:cholesterol, mol/mmol 2.21 (0.11)
 Sitosterol:cholesterol, mol/mmol 2.74 (0.12)
  Campesterol:lathosterol 2.32 (0.22)
 Sitosterol:lathosterol 3.01 (0.27)

Values are means with standard error in cases of continuous data or 
numbers and percentages in cases of categorical data; for hypertension, 
diabetes mellitus, cardiovascular disease, smoking, statin intolerance, and 
PCSK9, data were available in 237, 242, 242, 237, 215, and 47 patients.
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arterial hypertension. Diabetes mellitus and smoking were 
less  prevalent  (Table  1).  Most  of  the  patients  had  docu-
mented coronary, cerebral and/or peripheral artery dis-
ease (Table 1). About two-thirds of the patients had partial 
or  complete  statin  intolerance  (Table  1).  They  had  in-
creased total cholesterol and LDL-cholesterol, noncho-
lesterol sterols, and, on average, moderately elevated 
triglycerides (Table 1).

Correlations of noncholesterol sterols with total 
cholesterol and among noncholesterol sterol to 
cholesterol ratios

Campesterol (r = 0.37, P < 0.001), sitosterol (r = 0.23, P < 
0.001), and lathosterol (r = 0.45, P < 0.001) were positively 
related to total cholesterol. The campesterol and sitosterol 
to cholesterol ratios were strongly and positively correlated 
(r = 0.80, P < 0.001). Both, the campesterol (r = 0.14, P = 
0.024) and sitosterol (r = 0.20, P < 0.001) cholesterol ra-
tios were inversely related to the lathosterol to cholesterol 
ratio.

PCSK9, major lipids, and noncholesterol sterols according 
to lipid-lowering pretreatment

Circulating  PCSK9  increased  in  parallel  with  the  
potency  of  lipid-lowering  treatment,  with  circulating 
PCSK9  being  highest  in  the  ezetimibe  +  statin  group 
(Table 2). Total cholesterol, LDL-cholesterol, and total 
triglycerides were highest in the group without pretreat-
ment and lowest in the ezetimibe + statin group. No sig-
nificant differences were observed for HDL-cholesterol 
(Table 2).

Compared  with  the  group  without  lipid-lowering  pre-
treatment,  the  statin  and  ezetimibe  +  statin  groups  had 
lower lathosterol and lathosterol to cholesterol ratio (all 
P < 0.001) (Table 2). Compared with  the group without 
lipid-lowering pretreatment, the ezetimibe group had de-
creased campesterol and sitosterol and campesterol and 
sitosterol  to  cholesterol  ratios  (all  P  <  0.001)  (Table  2). 
Compared with the group without lipid-lowering pretreat-
ment, the statin and the ezetmibe + statin groups had in-
creased campesterol and sitosterol to lathosterol ratios (all 
P < 0.001) (Table 2).

Effects of therapy with PCSK9-antibodies on PCSK9, 
major lipids, and noncholesterol sterols

Circulating  PCSK9  strongly  increased  in  response  to 
treatment with PCSK9-antibodies (Table 3). Total choles-
terol and LDL-cholesterol strongly decreased in response 
to treatment with PCSK9-antibodies (Table 3). A moderate 
increase was seen for HDL-cholesterol and a moderate de-
crease for total triglycerides (Table 3). Campesterol, sitos-
terol, and lathosterol also strongly decreased in response to 
PCSK9-antibodies  (Table 3). No consistent changes were 
seen for the noncholesterol sterol to cholesterol ratios and 
the campesterol and sitosterol to lathosterol ratios (Table 3).

Effects of lipid-lowering pretreatment on changes of 
PCSK9, major lipids, and noncholesterol sterols in 
response to PCSK9-antibodies

Circulating PCSK9 similarly increased in response to 
PCSK9-antibodies in the group without lipid lowering pre-
treatment and in the ezetimibe, statin, and statin + ezeti-
mibe groups (Table 4). Total cholesterol, LDL-cholesterol, 
and triglycerides similarly decreased and HDL-cholesterol 
similarly  increased  in  all  four  groups  (Table  4).  Lathos-
terol, campesterol, and sitosterol similarly decreased in all 
four groups (Table 4). There were also no significant dif-
ferences among the four pretreatment groups in the re-
sponses of the lathosterol, campesterol, and sitosterol to 
cholesterol ratios and the campesterol and sitosterol to  
lathosterol ratios to PCSK9-antibodies (Table 4).

DISCUSSION

An interesting finding of the present study is that circu-
lating PCSK9 increased in a stepwise manner with increas-
ing potency of lipid-lowering pretreatment with statins 
and/or  ezetimibe.  An  increase  in  circulating  PCSK9  has 
previously been seen in response to statin treatment (9, 10). 
Higher PCSK9 expression induced by sterol regulatory ele-
ment-binding protein 2 (11) may represent a form of coun-
ter-regulation against the therapeutic effects of statins. 
This would be compatible with the observation that mice 
lacking PCSK9 are hypersensitive to statins (12). Moreover, 

TABLE  2.  PCSK9, major lipids, and noncholesterol sterols according to pretreatment

No Pretreatment Ezetimibe Statin Ezetimibe + Statin Pa

Number 84 26 38 97
PCSK9, ng/mlb 279 (22) 296 (43) 327 (36) 442 (23) <0.001
Total cholesterol, mmol/l 7.27 (0.19) 6.62 (0.39) 6.18 (0.23) 5.46 (0.15) <0.001
LDL-cholesterol, mmol/l 4.57 (0.17) 4.17 (0.38) 3.88 (0.19) 3.37 (0.12) <0.001
HDL-cholesterol, mmol/l 1.17 (0.04) 1.21 (0.07) 1.34 (0.07) 1.16 (0.04) 0.101
Total triglycerides, mmol/l 2.45 (0.18) 2.02 (0.21) 1.67 (0.20) 1.69 (0.11) <0.001
Lathosterol, mol/l 18.9 (1.2) 24.8 (3.2) 6.3 (0.8) 7.4 (1.0) <0.001
Campesterol, mol/l 16.3 (1.2) 6.8 (0.8) 19.2 (1.6) 11.6 (1.1) <0.001
Sitosterol, mol/l 17.2 (1.0) 10.4 (1.3) 21.5 (1.7) 15.9 (1.2) <0.001
Lathosterol:cholesterol, mol/mmol 2.6 (0.2) 3.8 (0.4) 1.0 (0.1) 1.3 (0.2) <0.001
Campesterol:cholesterol, mol/mmol 2.2 (0.1) 1.1 (0.1) 3.1 (0.2) 2.2 (0.2) <0.001
Sitosterol:cholesterol, mol/mmol 2.4 (0.1) 1.6 (0.2) 3.6 (0.3) 3.0 (0.2) <0.001
Campesterol:lathosterol 1.3 (0.2) 0.6 (0.2) 5.4 (1.0) 2.5 (0.3) <0.001
Sitosterol:lathosterol 1.4 (0.2) 0.9 (0.3) 5.9 (0.9) 3.8 (0.5) <0.001

Values are means with standard error.
a Calculated with ANOVA.
b Numbers: 14/4/10/19.
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this counter-regulation may partly explain why PCSK9-anti-
bodies are highly effective in reducing LDL-cholesterol on 
top of statins and ezetimibe. Consistent with our observa-
tions, Davignon and Dubuc (13) also observed an increase 

of circulating PCSK9 in patients receiving statins and ezeti-
mibe. However, an increase in circulating PCSK9 was not 
seen in another previous study with ezetimibe (14). These 
inconsistent results may be due to less potency of ezetimibe 

TABLE  3.  Effects of PCSK9-antibodies on PCSK9, major lipids, and noncholesterol sterols

Lipids Absolute Change Percent Change Pa

PCSK9, ng/mlb 2,459 (115) 760 (45) <0.001
Total cholesterol, mmol/l 2.44 (0.08) 38.8 (0.9) <0.001
LDL-cholesterol, mmol/l 2.02 (0.06) 52.1 (1.7) <0.001
HDL-cholesterol, mmol/l 0.14 (0.01) 13.8 (1.5) <0.001
Total triglycerides, mmol/l 0.48 (0.05) 17.1 (1.8) <0.001
Lathosterol, mol/l 5.57 (0.55) 30.4 (3.5) <0.001
Campesterol mol/l 4.78 (0.54) 30.8 (3.1) <0.001
Sitosterol, mol/l 5.22 (0.59) 26.5 (3.0) <0.001
Lathosterol:cholesterol, mol/mmol 0.14 (0.08) 12.7 (5.0) 0.744
Campesterol:cholesterol, mol/mmol 0.08 (0.11) 12.6 (4.8) 0.819
Sitosterol:cholesterol, mol/mmol 0.28 (0.13) 20.1 (4.4) 0.009
Campesterol:lathosterol 0.16 (0.11) 18.2 (7.0) 0.597
Sitosterol:lathosterol 0.09 (0.15) 27.8 (7.9) 0.010

Values are means with standard error.
a Calculated with paired samples t-test.
b Number: 46.

TABLE  4.  Changes of PCSK9, major lipids, and noncholesterol sterols in response to PCSK9-antibodies 
according to pretreatment

No Pretreatment Ezetimibe Statin Ezetimibe + Statin Pa

Number 84 26 38 97
PCSK9b 0.263
  Absolute, ng/ml 2120 (163) 2592 (354) 2315 (145) 2772 (224)
 Percent 814 (80) 971 (236) 770 (78) 667 (69)
Total cholesterol 0.265
  Absolute, mmol/l 2.73 (0.13) 2.44 (0.17) 2.24 (0.22) 2.27 (0.12)
 Percent 37.4 (1.4) 37.5 (2.1) 36.8 (3.4) 41.1 (1.5)
LDL-cholesterol 0.305
  Absolute, mmol/l 2.18 (0.10) 2.07 (0.15) 1.90 (0.21) 1.90 (0.09)
 Percent 48.6 (1.9) 51.9 (3.0) 50.5 (5.4) 55.9 (3.2)
HDL-cholesterol 0.118
  Absolute, mmol/l 0.14 (0.02) 0.22 (0.06) 0.13 (0.04) 0.11 (0.02)
 Percent 14.0 (1.9) 23.8 (8.7) 10.4 (2.7) 12.1 (2.3)
Total triglycerides 0.990
  Absolute, mmol/l 0.63 (0.11) 0.47 (0.18) 0.41 (0.14) 0.37 (0.07)
 Percent 18.0 (3.0) 16.3 (6.4) 16.6 (4.9) 16.9 (2.8)
Lathosterol 0.428
  Absolute, mol/l 7.96 (0.91) 9.96 (1.88) 2.00 (0.71) 3.72 (0.91)
 Percent 26.5 (8.4) 31.2 (6.2) 21.8 (8.7) 37.0 (3.3)
Campesterol 0.655
  Absolute, mol/l 4.42 (1.04) 2.30 (0.63) 6.40 (1.19) 5.12 (0.91)
 Percent 26.3 (5.2) 30.8 (7.0) 28.8 (7.9) 35.4 (5.5)
Sitosterol 0.158
  Absolute, mol/l 3.79 (1.00) 3.45 (1.13) 6.64 (1.68) 6.39 (0.94)
 Percent 21.7 (5.1) 18.3 (12.2) 21.5 (9.2) 34.8 (3.6)
Lathosterol:cholesterol 0.912
  Absolute, mol/mmol 0.15 (0.11) 0.24 (0.23) 0.05 (0.12) 0.17 (0.15)
 Percent 13.9 (11.5) 8.6 (7.8) 20.0 (9.2) 9.9 (6.8)
Campesterol:cholesterol 0.946
  Absolute, mol/mmol 0.30 (0.19) 0.02 (0.09) 0.21 (0.25) 0.15 (0.19)
 Percent 16.4 (7.4) 8.0 (8.4) 10.0 (8.6) 11.5 (9.6)
Sitosterol:cholesterol 0.658
  Absolute, mol/mmol 0.58 (0.25) 0.09 (0.16) 0.42 (0.36) 0.01 (0.20)
 Percent 24.7 (7.9) 27.8 (16.5) 21.8 (11.6) 13.4 (6.3)
Campesterol:lathosterol 0.719
  Absolute 0.01 (0.18) 0.09 (0.07) 0.95 (0.54) 0.01 (0.18)
 Percent 24.5 (8.3) 5.4 (8.0) 29.2 (36.3) 11.8 (7.6)
Sitosterol:lathosterol 0.562
  Absolute 0.22 (0.33) 0.12 (0.11) 0.25 (0.43) 0.17 (0.18)
 Percent 37.2 (10.7) 23.7 (14.0) 42.5 (41.7) 15.1 (6.0)

Values are means with standard error.
a Calculated with ANOVA of percent changes.
b Numbers: 14/4/10/19.
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to  reduce  LDL-cholesterol  (15)  and  intracellular  choles-
terol resulting in decreased activity of sterol regulatory ele-
ment-binding protein 2.

Another main finding of the present study is that all cir-
culating noncholesterol sterols decreased in response to 
PCSK9-antibodies. This observation may be accounted for 
by the fact that there is an increase in the uptake from the 
bloodstream into the liver not only of cholesterol but also 
of all other sterols. This uptake may be of a similar degree 
for noncholesterol sterols and cholesterol resulting in few 
alterations of the noncholesterol sterol to cholesterol 
ratios. Hence, PCSK9-antibodies did not significantly affect 
the balance between cholesterol synthesis and absorption 
(Fig. 1).

The effects of PCSK9-anitibodies on noncholesterol ste-
rols have been addressed by three previous studies. Peach 
et al. (16) reported on a post hoc analysis in about 135 hy-
percholesterolemic participants from the randomized con-
trolled MENDEL trial testing the effects of evolocumab on 
noncholesterol sterols. They reported that evolocumab 
reduced  all  circulating  noncholesterol  sterols.  However, 
their  ratios  to  cholesterol  remained  unchanged  except 
for  the  sitosterol  to  cholesterol  ratio, which modestly  in-
creased. In this respect, it was a noticeable observation that 
only the sitosterol to cholesterol ratio modestly increased 
in the present analysis. Watts et al. (17) performed a ran-
domized placebo-controlled study with 89 healthy normo-
lipidemic participants testing the effects of atorvastatin, 
evolocumab, or both on noncholesterol sterols. They 
reported that evolocumab reduced circulating campes-
terol and lathosterol, but not their ratios to cholesterol. 
Kawashiri et al. (18) investigated the impact of evolocumab on 
noncholesterol sterols in 10 heterozygous familial hyper-
cholesterolemic patients withdrawing from regular hemo-
dialysis. They reported that the noncholesterol sterol to 
cholesterol ratios did not significantly change in response 
to evolocumab treatment, although the sample size may 
not have been large enough to detect potential effects.

In contrast to the previous studies, we were also able to 
address the effects of pretreatment with ezetimibe or statins 
or both on changes of noncholesterol sterols. The absence 
of any difference of these changes according to pretreat-
ment also  supports  that PCSK9-antibodies act via neither 
the synthesis pathway nor the absorption pathway.

We were able to confirm strong reductions of total and 
LDL-cholesterol in patients receiving PCSK9-antibodies in 
clinical routine (19, 20). Triglycerides were only modestly 
reduced and HDL-cholesterol was modestly increased. As 
expected,  circulating  PCSK9  increased  in  response  to 
PCSK9-antibodies, because the assay detects PCSK9 bound 
to evolocumab or alirocumab (Fig. 1) (18). Moreover, cir-
culating PCSK9 increased in response to PCSK9-antibodies 
because binding to the LDL-receptor is the major route of 
PCSK9 clearance (21, 22) and this is blocked by the anti-
body treatment.

The mean concentrations of noncholesterol sterols were 
higher  in the present study than in other cohorts (6, 23, 
24). This is likely to be explained by the markedly increased 
total  and  LDL-cholesterol  concentrations  in  the  present 
cohort  because  all  noncholesterol  sterols  are  known  to 
positively correlate with total cholesterol. In confirmation 
of this hypothesis, relatively high circulating noncholes-
terol  sterols have been  reported  in patients with  familial 
hypercholesterolemia  (25).  In  agreement  with  previous 
studies, the lathosterol to cholesterol ratio was inversely re-
lated to the campesterol and sitosterol to cholesterol ratios, 
reflecting the counter-regulation between cholesterol syn-
thesis and absorption. The campesterol and sitosterol to 
cholesterol ratios were positively correlated (5). Moreover, 
stratification of the cohort according to pretreatment con-
firmed the effects of ezetimibe and statins on cholesterol 
absorption and synthesis (26, 27).

The present study on the relationships between PCSK9 
metabolism and noncholesterol sterols is very large and 
comprehensive. All included patients had an indication for 
treatment with PCSK9-antibodies according  to current 

Fig. 1.  Receptor-mediated uptake of LDL from the blood stream into the liver without (A) and with (B) PCSK9-antibody treatment. (This 
figure was composed using free medical images obtained from https://smart.servier.com.)
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reimbursement  guidelines  in  Germany.  Hence,  we  were 
able to present real-life evidence on the use of these drugs. 
Moreover, the study provides information on the effects of 
PCSK9-antibodies on noncholesterol  sterols  according  to 
different cholesterol-lowering pretreatments and the find-
ings therefore extend previous work.

It may be a limitation that the design was observational 
and  therefore  no  placebo  control  group  was  available. 
However, a placebo-controlled  trial would have been un-
ethical as all of the patients in fact had an indication for 
treatment  with  PCSK9-antibodies.  Moreover,  the  dietary 
habits  of  the  patients  were  not  evaluated  systematically. 
However, given the strong effect size of PCSK9-antibodies 
on noncholesterol sterols it is unlikely that differences in 
dietary intake may have substantially changed the results. 
Another limitation is that the present analysis, like previous 
studies  (16,  17),  only  addressed  short-term  effects  (4–8 
weeks) of PCSK9-antibodies on markers of cholesterol syn-
thesis and absorption. Therefore, studies addressing po-
tential chronic effects of longer term treatments are 
encouraged. In theory, increased LDL-cholesterol uptake 
induced  by  PCSK9-antibodies  may  lower  cholesterol  syn-
thesis rates due to less activity of sterol regulatory element-
binding protein 2 (28).

Summing up, the increase of circulating PCSK9 in re-
sponse to ezetimibe and statins may partly explain why 
PCSK9-antibodies are highly effective in reducing LDL-
cholesterol  as  an  add-on  therapy.  In  addition,  PCSK9- 
antibodies strongly reduce noncholesterol sterols, but they 
do not significantly affect the balance between cholesterol 
synthesis and absorption independently of cholesterol- 
lowering pretreatment.
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