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A b s t r a c t

Introduction: Proprotein convertase subtilisin/kexin type 9 (PCSK9) is asso-
ciated with low-density lipoprotein (LDL) catabolism, but its serum concen-
tration is not uniformly associated with cardiovascular disease in clinical 
studies. Obesity is linked with increased cardiovascular risk, but the effect 
of increased body weight and short-term weight loss on serum PCSK9 levels 
is not well studied.
Material and methods: The aim of this prospective pilot study was to assess 
differences in serum PCSK9 levels (determined with a quantitative sandwich 
enzyme immunoassay) between otherwise healthy drug-naïve obese sub-
jects and healthy individuals with normal body weight. Additionally, PCSK9 
levels were determined at baseline and after a  3-month weight-loss pro-
gram with a  low-fat diet in a  randomly assigned subgroup of the obese 
subjects (n = 15).
Results: Obese subjects (n = 35) were older (age: 43 ±11 years) and had 
significantly higher body mass index, total cholesterol, triglycerides, LDL 
cholesterol (LDL-C), apolipoprotein B and homeostasis model assessment 
of insulin resistance (HOMA) index levels, as well as significantly lower 
high-density lipoprotein cholesterol (HDL-C) concentration, compared with 
normal-weight subjects (n = 20, age: 35 ±6 years). Serum PCSK9 levels were 
significantly higher in obese subjects compared with normal-weight individ-
uals, even after adjustment for age, LDL-C, triglycerides, HDL-C, apolipopro-
tein A1, apolipoprotein B, apolipoprotein E, glucose, insulin and HOMA index 
levels (p = 0.018). Obese subjects experienced significant weight loss (from 
109 ±22 to 104 ±23 kg, p < 0.01), but serum PCSK9 levels did not significant-
ly change after the 3-month weight-loss program. 
Conclusions: Serum PCSK9 levels are higher in obese subjects than in nor-
mal-weight individuals. Short-term weight loss with a low-fat diet does not 
significantly affect PCSK9 levels.

Key words: proprotein convertase subtilisin/kexin type 9, obesity, weight 
loss, triglycerides, apolipoprotein.

Introduction

Obesity has reached epidemic proportions linked with deleterious 
health and socio-economic consequences [1]. More than one-third of the 
US adults is obese (body mass index (BMI) ≥ 30 kg/m2) having signifi-
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cantly higher annual medical costs compared with 
normal-weight individuals [2]. The ATTICA study 
cohort has also showed increasing prevalence 
rates of overweight and obesity in Greece [3, 4]. 
In parallel to these obesity trends, cardiovascular 
disease (CVD) incidence remains high, constitut-
ing a major public health problem with a serious 
economic impact [5]. Dyslipidemia constitutes 
one of the key CVD risk factors; thus, it is import-
ant to assess factors affecting lipid levels in obese 
patients as possible therapeutic targets. 

Proprotein convertase subtilisin/kexin type 9 
(PCSK9) is a  key protein in lipid and lipoprotein 
metabolism that plays a principal role in the he-
patic low-density lipoprotein (LDL) receptors’ deg-
radation and consequently affects LDL particles’ 
catabolism and serum LDL cholesterol (LDL-C) lev-
els [6]. PCSK9 also appears to interact with recep-
tors other than the LDL receptor [7]. Gain-of-func-
tion mutations of the PCSK9 gene are identified as 
a cause of familial hypercholesterolemia, whereas 
loss-of-function mutations are associated with 
significantly reduced levels of LDL-C and a  lower 
lifetime CVD risk [7, 8]. However, clinical studies 
regarding the role of circulating PCSK9 level on 
predicting CVD risk are not always consistent. 
A  prospective cohort study showed that serum 
PCSK9 concentration is associated with future 
CVD risk even after adjustments for established 
CVD risk factors [9]. In contrast, a study in patients 
with acute coronary syndrome showed that high 
baseline PCSK9 plasma levels did not predict mor-
tality at 1 year [9, 10]. Generally, more research 
is needed to determine the factors that affect cir-
culating PCSK9 concentration and its association 
with CVD risk. In this context, the available data 
regarding the effects of adiposity and weight loss 
on circulating PCSK9 levels are limited.

We herein present the preliminary results of 
a prospective pilot study that assessed: i) possi-
ble differences in serum PCSK9 levels between 
otherwise healthy drug-naïve obese subjects and 
healthy individuals with normal body weight, and 
ii) the effects of a 3-month weight-loss program 
on serum PCSK9 levels.

Material and methods

Participants

Individuals attending the Outpatient Obesity 
and Lipid Clinic of the University Hospital of Io-
annina, Greece were recruited for the study. The 
study group included consecutive subjects with 
BMI > 30 kg/m2, whereas the control group includ-
ed consecutive subjects with BMI < 25 kg/m2 (in 
Greece, people have the option to attend hospital 
clinics without external referral in order to assess 
their lipid profile and other cardiovascular risk fac-

tors). Exclusion criteria were: (i) abnormal hepatic 
function (aminotransferase activity > 3 times the 
upper limit of normal, and/or history of chronic 
liver disease, such as cirrhosis or alcoholic liver 
disease), (ii) chronic kidney disease (estimated 
glomerular filtration rate < 60 ml/min/1.73 m2),  
(iii) diabetes (fasting blood glucose > 7.0 mmol/l; 
126 mg/dl, (iv) raised thyroid-stimulating hor-
mone (TSH) levels (> 5.0 μU/ml) or other endocr-
inopathy, and (v) any medication. 

All participants gave their informed consent 
and the study protocol was approved by the insti-
tutional ethics committee. 

Dietary habits and intervention 

Adherence to the Mediterranean diet was eval-
uated with the MedDietScore (range: 0–55; higher 
values indicate greater adherence) [11]. 

A randomly assigned subgroup of patients with 
obesity (n = 15) received dietary intervention. 
At baseline a  dietician, based on each patient’s 
basal energy requirements and estimation of 
the subject’s typical activity level, prescribed an 
individualized low-fat diet, promoting an approx-
imately 500 kcal reduction in daily energy intake. 
All participants completed 4-day diet records at 
baseline and at the end of treatment. The admin-
istered diets consisted of a  mean of 1512 ±406 
kcal/day (ranging from 1085 to 2000 kcal/day 
depending on the initial body weight). The daily 
distribution of nutrients during the study was: car-
bohydrates 52.9 ±4.0%, fat 28.1 ±3.3% (monoun-
saturated 15.1 ±1.6%, polyunsaturated 7.4 ±1.6% 
and saturated fatty acids 5.4 ±0.9%) and protein 
19.0 ±1.6%. All patients were asked to attend 
the clinic monthly during the treatment in order 
to assess diet compliance. Food diaries and dis-
cussion during visits were used to ensure dietary 
compliance throughout the study period. Every 
month the dietician provided instructions based 
on dietary intake-recording procedures as part of 
a behavior-modification program. 

Anthropometric variables

Height, without shoes, was measured to the 
nearest 0.5 cm and body weight to the nearest 
100 g, without shoes and with light clothing. BMI 
was calculated as weight (in kilograms) divided by 
the height (in meters) squared. Waist circumfer-
ence was measured at the end of a normal expira-
tion by placing a tape in a horizontal plane around 
the abdomen at the level of the iliac crest. 

Biochemical parameters

All laboratory determinations were carried out 
after an overnight fast. Serum concentrations of 
fasting glucose, total cholesterol, high-density li-
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poprotein cholesterol (HDL-C) and triglycerides 
were determined enzymatically on an Olympus 
AU600 clinical chemistry analyzer (Olympus Diag-
nostica, Hamburg, Germany). LDL-C was calculat-
ed using the Friedewald formula (all participants 
had triglycerides < 400 mg/dl). Serum apolipopro-
tein levels were measured with a Behring Holding 
GmbH analyzer (Liederbach, Germany). Fasting 
serum insulin levels were measured by an AxSYM 
insulin assay microparticle enzyme immunoas-
say on an AzSYM analyzer (Abbott Diagnostics, 
Illinois, USA). Finally, the homeostasis of model 
assessment (HOMA) index was calculated as fol-
lows: fasting insulin (mU/l) * fasting glucose (mg/
dl)/405.

Serum PCSK9 measurement

Serum PCSK9 concentration was determined 
by a quantitative sandwich enzyme immunoassay 
technique [12]. Briefly, standards and samples are 
pipetted into wells pre-coated with a  monoclo-
nal antibody specific for human PCSK9 and any 
PCSK9 present is bound by the immobilized anti-
body. After washing away any unbound substanc-
es, an enzyme-linked polyclonal antibody specific 
for human PCSK9 is added to the wells. Following 
a wash to remove any unbound antibody-enzyme 
reagent, a substrate solution is added to the wells 
and color develops in proportion to the amount of 
PCSK9 bound in the initial step. The intensity of 
the color is measured using a  microplate reader 
set to 450 nm. 

The intra-assay coefficient of variation ranges 
from 4.1 to 6.5 and the inter-assay coefficient of 
variation ranges from 4.1 to 6.0 [12].

Statistical analysis

Our primary hypothesis was that patients with 
obesity would have significantly different serum 
PCSK9 levels compared with individuals with nor-
mal weight. The secondary hypothesis was that 
short-term weight loss would affect serum PCSK9 
concentration. This is a pilot study and therefore 
no formal power calculations were performed. 
Values are given as mean ± standard deviation 
(SD). Variables were tested for normality with 
the Kolmogorov-Smirnov test. The c2 test was 
used to compare categorical variables. Possible 
differences between the two study groups were 
assessed with the independent-samples t-test or 
Mann-Whitney test for parametric and non-para-
metric variables, respectively. Univariate analysis 
of the general linear model was used to compare 
PCSK9 levels between the two groups using as 
covariates age, lipid/lipoprotein and carbohydrate 
metabolism variables. The paired-samples t-test 
or Wilcoxon signed-rank test for parametric and 

non-parametric variables, respectively, was used 
to assess the effects of the weight-loss program. 
The correlations between variables were as-
sessed using Pearson’s correlation coefficient (r) 
or Spearman’s correlation coefficient (r

s
) for para-

metric and non-parametric variables, respectively. 
Significance was defined as p < 0.05 (two-tailed). 
Analyses were performed using the SPSS 21.0 sta-
tistical package (SPSS Inc.).

Results

A total of 35 patients with obesity and 20 con-
trols were enrolled. Patients with obesity had sig-
nificantly higher age, body weight, BMI, waist cir-
cumference, total cholesterol, triglycerides, LDL-C, 
apolipoprotein B, glucose, insulin, and HOMA in-
dex, whereas they had significantly lower HDL-C, 
apolipoprotein A1 and MedDietScore, compared 
with the control group (Table I). Serum PCSK9 lev-
els were significantly higher in patients with obe-
sity compared with the control group (p < 0.01). 
This difference remained significant even after 
adjustment for age, LDL-C, triglycerides, HDL-C, 
apolipoprotein A1, apolipoprotein B, apolipopro-
tein E, glucose, insulin and HOMA index levels  
(p = 0.018). Notably, when BMI was used as a co-
variate, the difference between the two groups 
was non-significant (p = 0.53).

Since the two groups had significantly different 
age, we performed partial correlations in the total 
sample adjusting for age. We observed a signifi-
cant age-adjusted correlation between PCSK9 lev-
els and BMI (r

s
 = 0.36, p = 0.02), body weight (r

s
 = 

0.35, p = 0.03) and waist circumference (r
s
 = 0.36, 

p = 0.04). We also observed a negative age-adjust-
ed correlation between PCSK9 levels and MedDi-
etScore (r

s
 = –0.32, p = 0.045). No significant as-

sociation between PCSK9 concentration and lipid/
lipoprotein or carbohydrate metabolism variables 
was observed.

Significant weight loss was observed in the sub-
group of patients with obesity who were enrolled 
in the 3-month dietary intervention (Table II).  
This effect was accompanied by a significant im-
provement in triglycerides and apoE levels, as well 
as numeric improvements of marginal significance 
in HOMA index. Serum PCSK9 levels did not sig-
nificantly change compared with baseline after 
the 3-month dietary intervention (Table II and Fig-
ure 1). We did not observe any significant associa-
tion between the percent changes in PCSK9 levels 
and the changes in other lipid or carbohydrate 
metabolism variables (data not shown).

Discussion

This prospective pilot study assessed serum 
PCSK9 levels in patients with obesity at baseline 
and after short-term weight loss. To the best of our 
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Table I. Anthropometric and metabolic variables in obese subjects and the control group

Parameter Obese (n = 35) Controls (n = 20) P-value

Age [years] 43 ±11 35 ±6 0.01

Gender (males/females) 11/24 6/14 NS

Body weight [kg] 114.7 ±31.9 64.1 ±10.5 < 0.001

BMI [kg/m2] 39.7 ±7.8 22.7 ±2.0 < 0.001

Waist circumference [cm] 124 ±19 84 ±9 < 0.001

Total cholesterol [mg/dl] 212 ±29 172 ±27 < 0.001

Triglycerides [mg/dl] 125 ±60 67 ±32 < 0.001

HDL-C [mg/dl] 53 ±12 57 ±11 0.04

LDL-C [mg/dl] 134 ±24 102 ±21 < 0.001

apoB [mg/dl] 89 ±17 65 ±15 < 0.001

apoA1 [mg/dl] 143 ±23 159 ±23 0.048

apoE [mg/l] 43 ±9 37 ±15 NS

Glucose [mg/dl] 92 ±10 80 ±8 < 0.001

Insulin [µU/ml] 13.2 ±7.5 5.5 ±2.1 < 0.001

HOMA index 3.0 ±1.6 1.1 ±0.5 < 0.001

MedDietScore 17 ±3 25 ±4 < 0.001

PCSK9 [ng/ml] 229 ±65 156 ±43 < 0.001*

Values are given as mean ± SD. BMI – body mass index, HDL-C – high-density lipoprotein cholesterol, LDL-C – low-density lipoprotein 
cholesterol, apo – apolipoprotein, HOMA – homeostasis model assessment, PCSK9 – proprotein convertase subtilisin/kexin type 9.

Table II. Anthropometric and metabolic variables at baseline and after 3 months in obese subjects (n = 15; 5 males, 
10 females)

Parameter Baseline 3 months P-value

Body weight [kg] 109 ±22 104 ±23 < 0.001

BMI [kg/m2] 38 ±5 36 ±5 < 0.001

Total cholesterol [mg/dl] 211 ±32 204 ±32 NS

Triglycerides [mg/dl] 126 ±59 91 ±33 < 0.01

HDL cholesterol [mg/dl] 51 ±12 50 ±11 NS

LDL cholesterol [mg/dl] 135 ±26 136 ±26 NS

Apolipoprotein B [mg/dl] 92 ±17 84 ±21 NS

Apolipoprotein A1 [mg/dl] 139 ±21 129 ±20 NS

Apolipoprotein E [mg/l] 43 ±6 38 ±9 0.04

Glucose [mg/dl] 96 ±10 93 ±8 NS

Insulin [mU/ml] 12.9 ±3.6 10.0 ±3.2 NS

HOMA index 3.2 ±0.9 2.3 ±0.7 0.07

PCSK9 [ng/ml] 207 ±54 218 ±57 NS

Values are given as mean ± SD. BMI – body mass index, HDL-C – high-density lipoprotein cholesterol, LDL-C – low-density lipoprotein 
cholesterol, HOMA – homeostasis model assessment, PCSK9 – proprotein convertase subtilisin/kexin type 9.

knowledge this is the first study to examine the 
effects of short-term weight loss on serum PCSK9 
concentration. The main findings were that drug-
naïve patients with obesity had significantly high-
er serum PCSK9 levels compared with subjects 
with normal weight, but short-term weight loss 

did not significantly change PCSK9 concentration.
PCSK9 is associated with increased hepatic LDL 

receptor degradation and elevated serum LDL-C 
levels [6]. Previous studies have shown a  large 
variability of circulating serum PCSK9 concentra-
tions, which ranged up to 100-fold in the general 
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population [13]. The variability of serum PCSK9 lev-
els indicates that many factors may affect them, 
possibly leading to different associations with car-
diovascular risk [9, 10]. We observed a significantly 
higher PCSK9 concentration in patients with obe-
sity, which remained significant even after adjust-
ment for age, lipid/lipoprotein and carbohydrate 
metabolism variables. Addition of BMI in the multi-
variate analysis resulted in a non-significant serum 
PCSK9 difference between subjects with obesity 
and the control group, which indicates that adipos-
ity is a contributing factor affecting PCSK9 levels 
in our population. This inference is also supported 
by the significant age-adjusted correlation of base-
line PCSK9 concentration with adiposity indexes. 
Increased adiposity is associated with changes in 
many metabolic pathways, and is linked with alter-
ations in adipokine production and circulation [14–
20]. Future studies should aim to assess possible 
mechanisms for the obesity-associated increase in 
PCSK9 levels, for example a possible mediating or 
contributing effect of liver fat accumulation [21].

Previous reports have shown a relatively weak 
correlation of LDL-C levels with serum PCSK9 levels 
(r = 0.24) in the general population that explained 
less than 8% of the variation in LDL-C levels [13]. 
In obese subjects, serum PCSK9 concentrations 
correlated significantly with serum LDL-C concen-
tration, but not with VLDL-triglyceride secretion or 
clearance rate [18]. Additionally, relatively weak 
correlations of PCSK9 levels with triglycerides, in-
sulin and glucose have been reported [13, 22]. We 
did not find a significant age-adjusted correlation 
between PCSK9 and LDL-C concentration or other 
lipid/carbohydrate variables, an observation that 
may be due to the small sample size. It should 
be mentioned that the intact fraction of PCSK9 
is active, but the furin-cleaved fraction regulates 
LDL receptor and serum cholesterol levels less effi-
ciently than intact PCSK9 [23]. In the present study 

total serum PCSK9 levels (containing both PCSK9 
fractions) were measured; thus this also may ex-
plain the poor correlation of serum PCSK9 with 
LDL-C concentration. A recent study also did not 
report a  significant association between PCSK9 
and LDL-C levels [24], whereas another study 
showed a positive correlation between PCSK9 and 
LDL-C concentration only in men [25]. 

We did not observe any significant change in 
serum PCSK9 levels after the 3-month weight-
loss program. A previous study showed that a 20-
week weight-loss program in the context of the 
Mediterranean diet did not significantly change 
serum PCSK9 levels in men with metabolic syn-
drome [26]. Thus, it seems that weight loss per 
se does not alter circulating PCSK9 levels. In con-
trast, dietary habits seem to affect serum PCSK9 
concentration. For example, in mice, PCSK9 mRNA 
quantity is decreased by 73% after 24 h of fasting 
and restored upon high carbohydrate refeeding 
[27]. PCSK9 concentrations increase on a  short-
term high-fructose diet [28]. Additionally, previous 
studies have shown that a Mediterranean diet re-
duces circulating PCSK9 levels [26]. A Mediterra-
nean diet is a dietary pattern associated with a re-
duction of diabetes and CVD incidence [29]. Our 
results showing a  negative association between 
PCSK9 levels and adherence to the Mediterranean 
diet (assessed by the MedDietScore) also support 
the notion that the Mediterranean diet is associ-
ated with decreased PCSK9 levels. Our study used 
a  low-fat diet and the effect of the changes in 
diet composition on serum PCSK9 levels could not 
be assessed. Thus, future studies need to assess 
different dietary compositions with or without 
weight loss in order to elucidate their effects on 
circulating PCSK9 concentration.

This pilot study has certain limitations. We 
included a  rather small sample that possibly ob-
scured correlations between variables and did not 
permit subgroup investigations. Furthermore, this 
study did not assess the effect of weight loss with 
different dietary compositions on PCSK9 levels. 
It is possible that a  greater number of patients, 
a longer duration of hypocaloric diet and clinically 
significant body weight loss are needed to estab-
lish the change in serum PCSK9 levels. Addition-
ally, local PCSK9 levels and not those circulating 
in the blood might play a  significant role in LDL 
particle metabolism.

In conclusion, this pilot study shows increased 
serum PCSK9 levels in subjects with obesity 
that do not significantly change with short-term 
weight loss with a low-fat diet.
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