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ABSTRACT (Word count 250) 

 

Background and aims - PCSK9 is an endogenous inhibitor of LDL receptor pathway. 

Recently, Mendelian randomization studies have raised a doubt about the diabetogenic risk of 

PCSK9 inhibitors. Here, we assessed the relationship between plasma PCSK9 levels and the 

risk of new onset diabetes (NOD). 

Methods - Fasting plasma PCSK9 levels were measured at baseline by ELISA in subjects 

without lipid lowering treatment in IT-DIAB (n=233 patients with prediabetes, follow-up 5 

years) and ELSA-Brasil (n=1,751; 27.5% with prediabetes, follow-up 4 years) prospective 

cohorts. The primary outcome in both studies was the incidence of NOD. The association of 

NOD with plasma PCSK9 levels was studied using multivariate Cox models.  

Results - Plasma PCSK9 levels were not significantly associated with NOD in IT-DIAB (HR 

(+1SD) 0.96, CI95% [0.76; 1.21]) and ELSA-Brasil (OR (+1SD) 1.13 [0.89; 1.42]). In ELSA-

Brasil, a significant positive association between PCSK9 and worsening of glucose 

homeostasis, including the progression from normoglycemia to prediabetes, was found (OR 

(+1SD) 1.17 [1.04; 1.30], P=0.0074). Plasma PCSK9 concentration was also positively 

associated with the change in fasting plasma glucose between the first and second visit in 

ELSA-Brasil (β = 0.053, CI95% [0.006; 0.10], P=0.026). Plasma PCSK9 levels positively 

correlated with total cholesterol in IT-DIAB and ELSA-Brasil, but not with glucose 

homeostasis parameters, except for a positive correlation with HOMA-IR in ELSA-Brasil.  

Conclusions - Plasma PCSK9 levels were not significantly associated with NOD risk in 

longitudinal analyses. These data suggest that inhibition of the PCSK9 extra-cellular pathway 

should not be deleterious for glucose homeostasis. 
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INTRODUCTION 

Recent studies have shown an inverse relationship between low-density lipoprotein cholesterol 

(LDL-C) homeostasis and risk of type 2 diabetes. The first signal came from the results of meta-

analyses of randomized controlled trials with statins. Despite their undisputable beneficial 

effects in lowering LDL-C and cardiovascular diseases, statins have shown to slightly, but 

significantly, increase the risk of NOD [1–5]. Next, Mendelian randomization studies indicated 

that loss-of-function (LOF) variants in the 3-Hydroxy-3-Methylglutaryl-CoA Reductase 

(HMGCR) gene, the molecular target of statins, are associated with an increased risk of NOD. 

This suggests that the diabetogenic effect of statins is a true on-target effect operating via an 

up-regulation of the LDLR pathway [6]. Conversely, diabetes prevalence is twice lower in 

patients with familial hypercholesterolemia, compared with their non-affected relatives, with 

diabetes risk being maximally reduced in carriers of the most severe mutations on the LDLR 

[7].  

Proprotein Convertase Subtilisin Kexin type 9 (PCSK9) is an endogenous inhibitor of the 

LDLR pathway that acts by directing the LDLR towards lysosomal degradation. Commercially 

available PCSK9 inhibitors (alirocumab and evolocumab) are fully human monoclonal 

antibodies (mAb) that bind circulating PCSK9 and prevent its interaction with the LDLR at the 

cell surface, precluding LDLR intracellular degradation [8]. Since statins and PCSK9 inhibitors 

reduce LDL-C by increasing the abundance of the LDLR at the surface of many cell types, in 

particular hepatocytes [9,10], a relevant question is to determine whether PCSK9 inhibitors 

might also increase the risk of diabetes in humans.  

This hypothesis is underpinned by the observation that some PCSK9 knockout mouse models 

[11,12], but not all [13], display hyperglycemia, impaired glucose tolerance, and reduced 

insulin secretion. This deleterious effect of PCSK9-deficiency on glucose homeostasis is 

apparently mediated by the LDLR [12]. More importantly, Mendelian randomization studies 
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showed that PCSK9 LOF variants associate with higher fasting plasma glucose (FPG) and a 

higher risk of diabetes [14–16]. The odds ratio for diabetes associated with HMGCR and PCSK9 

LOF variants appear to be proportional to the extent of LDL-C lowering induced by those 

variants [16]. 

To gain further insights into the possibility that inhibiting PCSK9 in the plasma with PCSK9 

mAb may be diabetogenic, we assessed the relationship between circulating PCSK9 levels and 

the risk of NOD in two longitudinal cohorts.  

 

 

MATERIALS AND METHODS 

Study population 

The study populations belong to the IT-DIAB study (Innovation Thérapeutique Diabète, 

NCT01218061 & NCT01432509) and ELSA-Brasil (Estudo Longitudinal de Saúde do Adulto, 

NCT02320461). 

IT-DIAB - Briefly, the IT-DIAB study is a 5-year prospective, observational study designed to 

identify new biomarkers of type 2 diabetes risk in a population with prediabetes. The population 

was recruited in the occupational centers of three French cities: Nantes, Saint-Nazaire and Lille. 

The institutional ethics committee approved the protocol, and all the reported investigations 

have been carried out in accordance with the principles of the Declaration of Helsinki as revised 

in 2008. All patients underwent a baseline visit between June 2010 and February 2013, 

including a medical interview, signing of the informed consent, self-administered questionnaire 

of diabetes risk score, physical examination (including body weight, height, waist and hip 

circumference measurements) and blood sampling. Patients without history of diabetes and 

with impaired fasting glucose (IFG; WHO criteria) were eligible for the IT-DIAB study. The 

main non-inclusion criteria were a history of treatment with oral anti-diabetic agents or insulin 



 5 

(with the exception of gestational diabetes), severe coagulation disorder or thrombocytopenia 

(platelets levels < 100,000/mm3), severe renal insufficiency (defined using MDRD equation as 

eGFR < 30mL/min.1.73m²), severe liver impairment (prothrombin ratio < 50%), severe 

psychiatric disorders, alcohol abuse (estimated > 30 g/day), patient’s opposition or inability to 

participate at least 5 years in the study. For the present analysis, we also secondarily excluded 

the population with concomitant statin therapy. Ultimately, 233 patients with at least one 

follow-up visit were considered for the present analysis (see the flowchart in Supplemental 

Figure 1). 

ELSA-Brasil - The ELSA-Brasil study design and cohort profile have been published elsewhere 

[17,18].  Briefly, it is a cohort of 15,105 men and women apparently healthy active and retired 

civil servants living in six Brazilian cities (Belo Horizonte, Porto Alegre, Rio de Janeiro, 

Salvador, Sao Paulo, and Vitoria), aged between 35 and 74 years at baseline. Information on 

sociodemographic, clinical history, family history of diseases, lifestyle factors, mental health, 

cognitive status, and occupational exposure was assessed from August 2008 to December 2010. 

Anthropometric measurements and laboratory and imaging tests were also obtained. The study 

was conducted in accordance with the Declaration of Helsinki and was approved by the local 

institutional review boards. All participants signed the informed consent before enrollment. 

Participants enrolled in the Sao Paulo site  (5060 persons in total) without diabetes (non-

inclusion criteria: FPG ≥ 126 mg/dL and/or 2-hour post-load glucose ≥ 200 mg/dL and/or 

history of treatment with oral anti-diabetic agents or insulin), without cardiovascular, renal or 

hepatic diseases (non-inclusion criteria: self-reported history of medical diagnosis of these 

pathologies), and who did not report prescription of lipid-lowering agents, were eligible for this 

ancillary study. We randomly selected 1751 eligible participants fulfilling the inclusion criteria 

for subsequent PCSK9 plasma concentrations measurements, corresponding to a third of 

participants enrolled in the Sao Paulo site.   
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Biochemical analyses 

IT-DIAB - During the baseline visit, peripheral venous blood samples were obtained in the 

morning after an overnight fast for biological analysis and the constitution of a biocollection. 

Standard biological analyses included FPG, A1C, and lipid profile (direct measurements of total 

cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG); LDL-

C was calculated using the Friedewald equation and non-HDL-C was calculated as TC minus 

HDL-C). Frozen heparinized plasma was used for insulin measurement by 

electrochemiluminescent enzyme immunoassay (ECLIA) using the Cobas e-automated clinical 

analyzer system (Roche Diagnostics, Meylan, France). Plasma high molecular weight (HMW) 

adiponectin levels were measured by ECLIA on an automated clinical analyzer system 

Lumipulse G600 (Fujirebio, Les Ulis, France). Homeostasis model assessment of insulin 

resistance (HOMA-IR) was defined according to the equation proposed by Matthews et al [19].  

ELSA-Brasil - A 12-hour fasting blood sample was drawn in the morning soon after arrival at 

the research clinic, following standardized procedures for samples collection and processing. A 

standardized 75 g oral glucose tolerance test (OGTT) was performed in all participants without 

known diabetes utilizing an anhydrous glucose solution. For measurement of fasting and post-

load glucose we used the hexokinase method (ADVIA 1200, Siemens); for fasting and post-

load insulin, an immunoenzymatic assay; for A1C, high-pressure liquid chromatography. TC, 

HDL-C and TG were measured with enzymatic colorimetric assays (ADVIA Chemistry).  LDL-

C was calculated using the Friedewald equation. When TG were ≥ 400 mg/dL, LDL-C was 

measured directly with an enzymatic colorimetric assay (ADVIA Chemistry).  

PCSK9 Assays - Total PCSK9 plasma concentrations were determined using the Quantikine 

SPC900 ELISA kit (R&D Systems, Lille, France) [20]. Briefly, plasma samples were diluted 

1:20 in the calibrator diluent onto ELISA plates and incubated for 2hrs on a plate shaker at 
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450rpm. Wells were rinsed with wash buffer using an automated Hydroflex TECAN microplate 

washer. The detection HRP-conjugated antibody was added to each well and plates were 

incubated for 2hrs at 450rpm. Wells were rinsed. The TMB substrate solution was added to 

each well and plates were further incubated in the dark for 30 minutes at 450rpm. Reactions 

were stopped by the addition of 0.2N acid sulphuric solution. Absorbance was read at 450nm 

with reference at 540nm on an Infinite 200 pro TECAN plate-reader. These measurements were 

performed by the same experimentator (SR-M), on the same site and using the same materials 

for both cohorts.  

 

Follow-up and conversion to new onset diabetes 

IT-DIAB - The end of the follow-up occurred at the fifth yearly visit, or prematurely if the 

patient met one of the following criteria: patient’s withdrawal or loss to follow-up, inappropriate 

prescription of anti-diabetic agent, bariatric surgery or death. NOD was defined by a FPG value 

≥ 126 mg/dL and/or a plasma glucose ≥ 200 mg/dL after 2-hour OGTT. 

ELSA-Brasil - In ELSA-Brasil, 2-hour OGTT was performed for all patients both at baseline 

and at 4-year visit. Diabetes status was classified as diabetes, prediabetes or normal glucose 

levels. NOD was defined as a FPG value ≥ 126 mg/dL or a plasma glucose ≥ 200 mg/dL after 

2-hour OGTT. Prediabetes was defined as no NOD and either FPG value between 110-125 

mg/dL or a plasma glucose between 140 and 199 mg/dL after 2-hour OGTT. Normal glucose 

level was defined as neither NOD nor prediabetes. Finally, the worsening of glucose 

homeostasis was defined as a shift between baseline and 4-year visit, either from normal 

glucose level to prediabetes or NOD, or from prediabetes to NOD. 

 

Statistical analyses 
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Baseline categorical parameters are presented using frequencies (percentages), continuous 

parameters are presented using mean ± SD or median (25th – 75th quartiles) in case of a skewed 

distribution. The correlation between plasma PCSK9 levels and the other parameters is 

expressed by the corresponding Spearman’s rank coefficients. We analysed follow-up data 

through two outcomes: the incidence of NOD and the change in FPG. In IT-DIAB, the 

incidence of NOD was examined by drawing the Kaplan-Meier curves according to quartiles 

of plasma PCSK9 level. A Cox model was used to determine the association between plasma 

PCSK9 levels (as a continuous parameter) and the incidence of NOD, before and after 

adjustment for classical risk factors retained after stepwise selection, such as age at baseline, 

sex, waist circumference, FPG, TG, LDL-C, HDL-C and adiponectin. For ELSA-Brasil, a 

logistic regression model was used to assess the relationship between baseline PCSK9 and the 

incidence of NOD during the four-year visit, adjusted for the same parameter as the above Cox 

model, except for adiponectin that was not measured in this population.   

In both cohorts, FPG change was defined as the difference between baseline and last FPG, 

measured at the end of follow-up in IT-DIAB and at the 4-year visit in ELSA-Brasil. We use 

univariable and multivariable linear regression to assess the association between PCSK9 and 

FPG change. The parameters considered as potential confounders before stepwise selection 

were the same as in the Cox model above. We also used fractional polynomial transformation 

to capture a possible non-linear effect of the exposure, with a model selection threshold fixed 

to 0.20, but only linear models were withheld by this approach [21]. 

Sensitivity analyses were performed in a subset of the ELSA-Brasil cohort with prediabetes at 

baseline. Particularly, correlations between baseline PCSK9 and changes in FPG between 

baseline and 4-year visit were determined. 
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A P-value < 0.05 was deemed statistically significant. All statistical analyses were performed 

using R software version 3.5.1 with Rstudio interface (The R Foundation for Statistical 

Computing, R Core Team 2018, Vienna, Austria).  

 

RESULTS 

Baseline characteristics of study participants 

Study population characteristics at baseline in ELSA-Brasil and IT-DIAB cohorts are reported 

in Table 1. The analytical study population was on average middle aged (mean ± SD: 56.3 ± 

9.8 and 50.4 ± 8.4 years in IT-DIAB and ELSA-Brasil, respectively) and overweight (mean 

BMI ± SD: 29.7 ± 6.3 and 26.9 ± 4.6 kg/m2 in IT-DIAB and ELSA-Brasil, respectively). In IT-

DIAB, all participants had prediabetes at baseline with IFG (mean FPG ± SD: 115.7 ± 4.4 

mg/dL); compared to only 27.5% (482/1751) in ELSA-Brasil (mean FPG ± SD: 101.0 ± 6.1 

mg/dL). The selected participants of both cohorts were not under statin therapy. Plasma lipid 

parameters were in the normal range with mean (± SD) LDL-C concentrations of 143 ± 35 and 

134 ± 33 mg/dL in IT-DIAB and ELSA-Brasil, respectively. Baseline characteristics of the two 

populations according to diabetes status (NOD vs no NOD) at the final visit are shown in 

supplementary Table 1. Baseline plasma PCSK9 levels were lower in IT-DIAB (260 ± 95 

ng/mL) than in ELSA-Brasil (319 ± 83 ng/mL) (Table 1). The histograms of baseline fasting 

plasma PCSK9 level distribution according to diabetes status at the end of follow-up in both 

cohorts did not highlight obvious differences between groups (Supplementary Fig. 2). 

 

Plasma PCSK9 levels and risk of NOD during follow-up 

After 5 years of follow-up in IT-DIAB, 36.9% of participants (86/233) converted to NOD. The 

Kaplan-Meier survival curves showed that plasma PCSK9 levels (classified as quartiles) was 

not associated with the risk of conversion to NOD (P = 0.87, log-rank test) (Figure 1). Similar 



 10 

results were obtained when using tertiles of plasma PCSK9 levels (P = 0.93, log-rank test; data 

not shown). In Cox models using a continuous approach, baseline plasma PCSK9 levels were 

not associated with NOD during the follow-up, both before and after adjustment (HR [+1 SD] 

= 0.93, CI95% [0.74; 1.15] and 0.96 [0.76; 1.21], respectively) (Table 2). After stepwise 

selection, factors associated with the risk of conversion to NOD were the waist circumference, 

FPG and fasting TG. In ELSA-Brasil, 3.9% (69/1751) of participants developed NOD at the 

second visit at 4 years. As in IT-DIAB, plasma PCSK9 levels were not associated with the risk 

of NOD neither in univariate nor in multivariable logistic regression: OR (+ 1 SD) = 1.17 [0.93; 

1.47] (P = 0.18) and 1.13 [0.89; 1.41] (P = 0.31), respectively. A multivariable approach 

adjusted on the same parameters as IT-DIAB’s Cox model demonstrated that waist 

circumference (OR (+1 SD) = 1.33 [1.04; 1.70], P = 0.024) and FPG (OR (+1 SD) = 1.79 [1.41; 

2.28], P < 0.0001) were associated with the risk of NOD, while TG did not reach statistical 

significance (OR (+1 SD) = 1.17 [0.97; 1.37], P = 0.064). Furthermore, when considering the 

combined event of worsening of glucose homeostasis (i.e. progression from normoglycemia to 

prediabetes or NOD and progression from prediabetes to NOD), we found a significant positive 

association with PCSK9 in both univariate and multivariable approaches: OR (+1 SD) = 1.18 

[1.06; 1.32] (P = 0.0031) and 1.17 [1.04; 1.30] (P = 0.0074), respectively. 

 

Cross-sectional associations between plasma PCSK9 levels and metabolic parameters 

Spearman’s rank correlations were assessed between plasma PCSK9 and metabolic parameters 

at baseline (Table 1). Plasma PCSK9 levels were positively associated with total cholesterol in 

both IT-DIAB (r = 0.17; P = 0.009) and ELSA-Brasil (r = 0.09; P = 0.0003). Significant positive 

associations were also found between PCSK9 and LDL-C (r = 0.08; P = 0.001), TG (r = 0.08; 

P = 0.002) and ApoB (r = 0.08; P = 0.0008) in ELSA-Brasil. Regarding glucose homeostasis 

parameters, plasma PCSK9 was not associated with either FPG or A1C. A small but significant, 
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correlation was found between PCSK9 and HOMA-IR (r = 0.06, P = 0.01) in ELSA-Brasil, 

close from the correlation found in IT-DIAB (r=0.05; P = 0.49). 

 

Association between baseline PCSK9 levels and changes in FPG 

In IT-DIAB, the linear regression models showed no statistically significant association 

between baseline PCSK9 and FPG change at the end of the follow-up: β (for 1 SD of FPG 

change / 1 SD of baseline PCSK9) = -0.065 [-0.197; 0.067] (P = 0.34) and -0.038 [-0.17; 0.09] 

(P = 0.57), in univariate and multivariable analyses, respectively. Using the same approach in 

ELSA-Brasil, a significant positive association was found with a β (for 1 SD of FPG change / 

1 SD of baseline PCSK9) = 0.052 [0.006; 0.099] (P = 0.029) and 0.053 [0.006; 0.010] (P = 

0.026), in univariate and multivariable analyses, respectively (Table 3). In a sensitivity analysis 

focused on the ELSA-Brasil population with prediabetes (n = 482), the observed association 

between baseline PCSK9 and FPG change was of greater magnitude but not significant: β = 

0.076 [-0.058; 0.21] (P = 0.27) in univariate and 0.068 [-0.066; 0.202] (P = 0.30) in 

multivariable analysis.  

 

 

DISCUSSION 

Mainly based on Mendelian randomisation studies, a doubt has emerged about the potential 

diabetogenic risk of PCSK9 inhibitors. Here, we demonstrate that circulating PCSK9 

concentrations are not significantly associated with the risk of NOD in two independent 

longitudinal cohorts, and most notably in individuals with prediabetes at high risk of conversion 

to type 2 diabetes. In the larger cohort (ELSA-Brasil), we even found that baseline PCSK9 

levels were rather positively associated with a slight risk of worsening of glucose homeostasis, 

since (i) elevated PCSK9 levels were associated with an increased risk of conversion from 

normoglycemia to prediabetes or NOD and from prediabetes to NOD, and since (ii) there was 
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a small but significant positive association between PCSK9 levels and FPG change during 

follow-up. All together, these data indicate that inhibiting circulating PCSK9 with PCSK9 mAb 

might not be deleterious for glucose homeostasis. 

Our findings are consistent with the results of large cardiovascular outcomes randomized 

clinical trials (RCTs) with PCSK9 mAb that found that neither evolocumab nor alirocumab 

were associated with an increased risk of NOD, even while the duration of follow-up remains 

quite  short (< 3 years) [22,23]. Similar reassuring results were also obtained in pooled analyses 

of phase 3 trials [24,25]. Of note, a recent meta-analysis including more than 68,000 participants 

in 20 RCTs with a median follow-up of 78 weeks found that PCSK9 mAb modestly increased 

FPG (< 2.0 mg/dL) and A1C (< 0.05%) when compared with placebo, without increasing the 

risk of NOD [26]. 

Our results are also consistent with some pre-clinical findings regarding the molecular link 

between PCSK9 and diabetes [27]. Using transgenic mouse models, Da Dalt et al recently 

demonstrated that intra-cellular PCSK9 rather that circulating PCSK9 is involved in the 

regulation of glucose homeostasis. Indeed, while total PCSK9 knockout mice exhibit impaired 

glucose tolerance and reduced insulin secretion, liver-specific PCSK9 knockout mice, that 

retain PCSK9 expression in extrahepatic organs and do not have detectable PCSK9 in their 

blood, show normal glycemic parameters [12]. In addition, we previously demonstrated that 

recombinant PCSK9 is able to drastically down-regulate the LDLR expression in human and 

mouse primary pancreatic islets [13]. While LDLR expression is increased in pancreatic islets 

from total PCSK9 knockout mice, there is no alteration in glucose-stimulated insulin secretion, 

even in the presence of high LDL concentrations [13]. This lack of deleterious effect of PCSK9-

deficiency on insulin secretion ex vivo is associated to the absence of change in intra-cellular 

cholesterol content in the islets. Such a discrepancy between the increased LDLR expression 

and the normal islets cholesterol content remains unclear. Given that PCSK9 is able to inhibit 
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ATP binding cassette transporter A1 mediated cholesterol efflux in macrophages [28], it cannot 

be ruled out that PCSK9-deficiency may increase cholesterol efflux from the islets, a key factor 

of beta cell cholesterol homeostasis [29]. In addition, the effect of PCSK9-deficiency on 

glucose homeostasis may not be restricted to pancreatic islets [30]. For instance, individuals 

carrying the PCSK9 R46L LOF variant have higher BMI, and increased body and liver fat mass 

percentage compared to controls [31]. The underlying mechanisms underpinning the potential 

increased risk of diabetes associated with PCSK9 deficiency or PCSK9 LOF variants remains 

to be investigated.  

In the larger cohort (ELSA-Brasil), baseline plasma PCSK9 concentrations were positively 

associated with FPG change at 4-year. Even if the correlation is weak (an increase of about 0.05 

SD (0.01-0.10) of FPG for 1 SD of PCSK9), this observation suggests that PCSK9 expression 

may be driven by a common feature of the metabolic syndrome such as insulin resistance. 

Previous transversal analyses in several cohorts highlighted a relationship between plasma 

PCSK9 levels and markers of glucose homeostasis. Higher plasma PCSK9 levels have been 

observed in patients with type 2 diabetes compared with non-diabetic individuals in most 

studies [32–36], but not all [37]. Circulating PCSK9 levels positively correlated with FPG, 

fasting plasma insulin, HOMA-IR, and A1C in several cohorts [32,38–40]. Moreover, plasma 

PCSK9 concentrations increased after short-term high-fructose diet and correlated with hepatic 

insulin sensitivity assessed by hyperinsulinemic-euglycemic clamp in healthy volunteers [41]. 

In agreement with these findings, a positive correlation between PCSK9 and HOMA-IR was 

found in ELSA-Brasil. 

One of the strengths of our study is that we obtained consistent results in two independent 

cohorts with different population sizes and ethnicities (n = 233 for IT-DIAB and n = 1751 for 

ELSA-Brasil), baseline plasma PCSK9 levels (higher in ELSA-Brasil than in IT-DIAB) and 

NOD risk levels (36.9% at 5-years for IT-DIAB and 3.9% at 4-years for ELSA-Brasil). In 
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addition, plasma PCSK9 levels were assessed using a standardized protocol using the same 

assay throughout. Participants under statin therapy, an important confounding factor for PCSK9 

levels, were also excluded [42]. Our study presents however some limitations. In both cohorts, 

there were no repeated measures of circulating PCSK9 to investigate its relationship with 

glucose homeostasis parameters during follow-up. In IT-DIAB, no systematic OGTT was 

performed during the annual visit, in addition to FPG and A1C, to diagnose NOD. In ELSA-

Brasil there was no repeated measure of FPG between baseline and 4-years to draw survival 

curves as in IT-DIAB. The observational nature of our study only allows to draw some 

associations regarding PCSK9 role in conversion to type 2 diabetes, but no causation. Due to a 

potential lack of statistical power, the absence of a diabetogenic effect for PCSK9 in our study 

is not definitive evidence for the absence of a role PCSK9 in glucose homeostasis. 

In conclusion, this study assessed for the first time the association between circulating PCSK9 

levels and the risk of diabetes in longitudinal analyses. Our data indicate that plasma PCSK9 

levels do not predict the risk of conversion to type 2 diabetes in patients with prediabetes and 

are reassuring regarding the safety of PCSK9 mAb that specifically target the extra-cellular 

PCSK9 pathway. 
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TABLES 

Table 1. Baseline characteristics of the statin-free populations of the IT-DIAB and ELSA-Brasil cohorts, 
and correlation with PCSK9 
 IT-DIAB (n = 233) ELSA-Brasil (n = 1751) 
 Description Correlation with 

PCSK9 (P -value)† Description Correlation with 
PCSK9 (P-value)† 

Clinical characteristics     
Age (years) 56.3 ± 9.8 -0.18 (0.0048)** 50.4 ± 8.4 0.04 (0.084) 

Women 76 (32.6 %) 0.15 (0.018)* 888 (50.7 %) - 
BMI (kg/m²) 29.7 ± 6.3 -0.06 (0.34) 26.9 ± 4.6 0.03 (0.28) 

Waist circumference (cm) 98.0 ± 14.3 -0.12 (0.065) 89.3 ± 11.7 0.03 (0.23) 
Postmenopausal women NA - 384 (43.2 %) - 

     
Lipid profile     

Total cholesterol (mg/dL) 223.1 ± 38.8 0.17 (0.0089)** 215.8 ± 38.5 0.09 (0.00033)*** 
Triglycerides (mg/dL) 133.0 ± 79.0 0.03 (0.62) 133.1 ± 84.0 0.08 (0.0015)** 

LDL-c (mg/dL) 143.2 ± 34.9 0.12 (0.083) 134.1 ± 33.0 0.08 (0.0011)** 
HDL-c (mg/dL) 53.1 ± 15.3 0.04 (0.50) 55.6 ± 13.9 0 (0.99) 

Non-HDL-c (mg/dL) 169.7 ± 40.3 0.12 (0.074) 160.2 ± 37.1 0.1 (<0.0001)*** 
ApoA1 (mg/dL) NA - 156.6 ± 22.2 0.01 (0.66) 

ApoB (mg/dL) NA - 107.2 ± 23.1 0.08 (0.00082)*** 
PCSK9 (ng/mL) 260.3 ± 95.0 - 318.7 ± 82.6 - 

     
Glucose homeostasis     

Fasting PG (mg/dL) 115.7 ± 4.4 -0.02 (0.74) 101.0 ± 6.1 0.04 (0.13) 
PG 2h after OGTT (mg/dL) NA - 122.6 ± 25.0 -0.01 (0.59) 

HbA1c (%) 5.8 ± 0.4 0.01 (0.89) 5.3 ± 0.5 0.03 (0.17) 
HbA1c (mmol/mol) 40.3 ± 4.9 0.01 (0.89) 34.1 ± 5.9 0.03 (0.17) 

Fasting insulin (mUI/L) 13.7 ± 9.3  0.05 (0.48) 12.0 ± 7.9 0.06 (0.015)* 
Insulin after OGTT (mUI/L) NA - 83.2 ± 69.1 0.04 (0.14) 

HOMA-β 75.8 (53.6-117.4) 0.03 (0.69) 114.8 ± 75.9 0.05 (0.028)* 
HOMA-IR 3.9 ± 2.7 0.05 (0.49) 2.6 (1.8-3.7) 0.06 (0.01)* 

Adiponectine (µg/mL) 3.4 (2.3-4.8) 0.03 (0.71) NA - 
 

 

Table 1 - Baseline characteristics of the statin-free populations of the IT-DIAB and ELSA-

Brasil cohorts, and correlation with PCSK9 - Data are presented using size (%), mean ± 

standard deviation or median (25th-75th centiles). ApoA1: Apolipoprotein A1; ApoB: 

Apolipoprotein B; HOMA-IR: Homeostasis Model Assessment of Insulin Resistance; NA: data 

not available; OGTT: oral-glucose tolerance test; PG: plasma glucose. * p-value 0.01-0.05; ** 

p-value 0.001-0.01; *** p-value < 0.001; †Correlation with PCSK9: Spearman’s correlation 

coefficient. 
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Table 2. Association between baseline characteristics and the risk of new onset diabetes during follow-up. 
Cox proportional hazard model, univariate and multivariate analyses. IT-DIAB cohort (N = 233) 
 Univariable models 

(Nmax = 233) 
Multivariable model 

 (N = 210) 
 HR (CI95%) p-value HR (CI95%) p-value 

Age (+1 SD) 1.06 [0.85; 1.33] 0.62 - - 

Sex (women/men) 1.11 [0.71; 1.75] 0.64 - - 

Waist circumference (+ 1 SD) 1.46 [1.20; 1.79]*** 0.00021 1.45 [1.16; 1.82]** 0.0018 

Fasting plasma glucose (+1 SD) 1.53 [1.24; 1.89]*** <0.0001 1.50 [1.19; 1.88]** 0.00038 

Total cholesterol (+ 1 SD) 0.90 [0.72; 1.12] 0.34 - - 

Triglycerides (+ 1 SD) 1.15 [0.96; 1.37] 0.12 1.35 [1.01; 1.79]* 0.039 

LDL-c (+ 1 SD) 0.90 [0.72; 1.12] 0.34 - - 

HDL-c (+ 1 SD) 0.77 [0.61; 0.98]* 0.033 - - 

Non-HDL-c (+ 1 SD) 0.98 [0.79; 1.21] 0.83 - - 

PCSK9 (+ 1 SD) 0.93 [0.74; 1.15] 0.49 0.96 [0.76; 1.21] 0.73 

Adiponectin (+ 1 SD) 0.75 [0.57; 0.98]* 0.032 - - 

 
 

Table 2 - Association between baseline characteristics and the risk of new onset diabetes 

during the follow-up. Cox proportional hazard model, univariate and multivariate 

analyses. IT-DIAB cohort (N = 233) - Results obtained with Cox model based on the 

proportional hazard hypothesis. The main outcome was the occurrence of new onset diabetes, 

defined by a fasting PG ≥ 126 mg/dL and/or a PG ≥ 200 mg/dL after 2-hour OGTT. Patients 

were right-censored after last follow-up, bariatric surgery, prescription of antidiabetic treatment 

or death, whatever came first. The baseline parameters included in the multivariable Cox model, 

before stepwise selection, were age, sex, waist circumference, triglycerides, LDL-c, HDL-c, 

adiponectin and PCSK9 levels, the latter being forced in the model. HR (95% CI): Hazard-ratio 

with 95% confidence interval; PG: plasma glucose. * p-value 0.01-0.05; ** p-value 0.001-0.01; 

***p-value < 0.001. 
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Table 3. Association between baseline PCSK9 levels and changes in fasting PG between baseline and 4th 

year visit in ELSA-Brasil.  
 β coefficient (CI95%) 
 Whole population Population with prediabetes 
 Univariate 

(Nmax = 1751) 

Multivariate 
(n = 1720) 

Univariate 
(Nmax = 482) 

Multivariate 
(n = 475) 

Age (+1 SD) -0.07 
[-0.11; -0.02]*** - -0.13  

[-0.26; 0.00] 
- 

Sex (women/men) -0.03 
[-0.13; 0.06] - -0.03  

[-0.31; 0.25] 
- 

Waist circumference (+ 1 SD) 0.10 
[0.05; 0.14]*** 

0.11  
[0.06; 0.16]*** 

0.14  
[0.01; 0.28]* 

0.18  
[0.05; 0.32]** 

Fasting PG (+1 SD) -0.12 
[-0.16; -0.07]*** 

-0.14  
[-0.19; -0.10]*** 

-0.12  
[-0.22; -
0.02]* 

-0.15 
 [-0.26; -0.04]** 

Total cholesterol (+ 1 SD) 0.00 
[-0.05; 0.04] - 0.01  

[-0.13; 0.14] 
 

Triglycerides (+ 1 SD) 0.06 
[0.01; 0.10]* - 0.07  

[-0.05; 0.19] 
- 

LDL-c (+ 1 SD) 0.00 
[-0.05; 0.05] - 0.01 

 [-0.12; 0.15] 
- 

HDL-c (+ 1 SD) -0.08 
[-0.13; -0.03]*** - -0.13  

[-0.27; 0.01] 
- 

Non-HDL-c (+ 1 SD) 0.03 
[-0.02; 0.07] - 0.06  

[-0.08; 0.20] 
- 

ApoA1 (+ 1 SD) -0.08 
[-0.13; -0.03]*** 

-0.06  
[-0.11; -0.01]* 

-0.15  
[-0.30; -
0.01]* 

- 

ApoB (+ 1 SD) 0.06 
[0.01; 0.10]* - 0.12 

 [-0.02; 0.26] 
- 

PCSK9 (+ 1 SD) 0.05 
[0.01; 0.10]* 

0.05  
[0.01; 0.10]* 

0.08  
[-0.06; 0.21] 

0.07  
[-0.06; 0.21] 

 

 

Table 3 - Association between baseline PCSK9 levels and changes in fasting PG between 

baseline and 4th year visit in the ELSA-Brasil cohort - All quantitative variables were 

expressed using Z-score. Therefore, the β coefficient corresponds to the percentage of 1 SD 

variation of fasting PG for an increase of 1 SD of the studied parameter. β coefficient associated 

with a p-value < 0.05 are reported in bold. The following parameters were included in the 

multivariate regression model, before stepwise selection (α threshold for the selection: 0.05): 

baseline age, sex, waist circumference, fasting PG, triglycerides, LDL-c, HDL-c, and PCSK9 

(ApoB, ApoA1 and total cholesterol were not included because of the obvious colinearity with 

the other lipid parameters). ApoA1: Apolipoprotein A1; ApoB: Apolipoprotein B; PG: plasma 

glucose; SD: standard deviation. 
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FIGURES LEGEND 

 

Figure 1- Survival curves for New Onset Diabetes in the IT-DIAB cohort, according to 

baseline PCSK9 levels (groups created according to quartiles) - Dotted bar: lowest quartile 

for PCSK9 (78-183 ng/mL); Dot and dash bar: second quartile (188-258 ng/mL); Short and 

long dash: third quartile (260-316 ng/mL); Solid bar: highest quartile (319-579 ng/mL) 


