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Abstract

Background—Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a key regulator of low-

density lipoprotein (LDL) cholesterol and cardiovascular disease (CVD) risk, and is an emerging 

therapeutic target.

Objective—We compared serum PCSK9 levels in young adults, with and without type 2 

diabetes.

Subjects and Methods—Cross-sectional analysis was conducted in a cohort, aged 15 to 26 

years, in Cincinnati, OH, from 2005 to 2010. Serum PCSK9 levels were measured in 94 youth 

with type 2 diabetes, 93 obese control subjects, and 99 lean control subjects. Correlative analyses 

were conducted to determine significant covariates of PCSK9 by group and sex, and multivariate 

linear regression models were used to study the independent determinants of PCSK9.

Results—In females, PCSK9 levels were significantly increased in the obese and type 2 diabetes 

subjects relative to the lean controls (P < 0.01). Moreover, PCSK9 was positively correlated with 

multiple metabolic parameters in females: body mass index (BMI), systolic blood pressure (SBP), 

fasting glucose, fasting insulin, and C-reactive protein (CRP) levels (P≤0.02). In males, PCSK9 

levels were decreased overall compared to females (P=0.03), and did not differ between the lean, 

obese, or type 2 diabetes groups.
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Conclusions—Obesity and type 2 diabetes were associated with significantly higher levels of 

PCSK9 in young women, but not in young men. These data suggest that sex could modify the 

effects of obesity and diabetes on PCSK9 in young adults.
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Introduction

The prevalence of type 2 diabetes has risen significantly in our society, even in children and 

adolescents (1). Type 2 diabetes in youth leads to increased risk for cardiovascular disease 

(CVD) in adulthood, which is the leading cause of mortality in individuals with type 2 

diabetes (2). An important contributor to elevated CVD risk in type 2 diabetes is 

dyslipidemia involving abnormalities in all lipoproteins (3,4). Typically, patients with type 2 

diabetes show increased levels of small dense low-density lipoprotein cholesterol (5), 

decreased levels of high-density lipoprotein (HDL) cholesterol, and increased levels of 

triglycerides (TG) (6). Numerous large-scale trials have shown that intensive low density 

lipoprotein (LDL)-lowering therapy in patients with type 2 diabetes results in a significant 

reduction in CVD risk and improved outcomes (7).

One of the key regulators of circulating LDL cholesterol is proprotein convertase subtilisin/

kexin type 9 (PCSK9). PCSK9 promotes the degradation of the LDL receptor (LDLR), 

resulting in reduced LDL clearance (8–10). Thus, gain-of-function PCSK9 genetic variants 

lead to higher levels of LDL cholesterol and increased risk of CVD, whereas loss-of 

function PCSK9 mutations are associated with reductions in both LDL cholesterol and risk 

of CVD (11,12). As a result, PCSK9 has become a novel target for lipid lowering therapy, 

and medications that antagonize PCSK9 are now available for clinical use (13).

The effect of diabetes on PCSK9 is unclear. Circulating PCSK9 was found to be higher in 

individuals with diabetes compared to those without diabetes in some adult studies (14,15), 

but not in others (16–18). Moreover, the effects of diabetes on PCSK9 levels in young adults 

has thus far not been studied, despite the fact that adolescents and young adults with obesity 

and type 2 diabetes are also at increased risk for dyslipidemia (19). Indeed, the earlier onset 

of type 2 diabetes in this population implies a longer lifetime burden of disease and potential 

for earlier development of complications (20,21). The purpose of this study was to compare 

PCSK9 in youth with type 2 diabetes to their lean and obese controls.

Methods

Participants

Extensive details of this cohort have previously been published (22,23). Briefly, youth ages 

11 to 26 years with type 2 diabetes, and obese and lean controls without diabetes, were 

recruited as part of the Type 2 Cardiovascular Disease Study conducted at Cincinnati 

Children's Hospital Medical Center between 2005 and 2010. Type 2 diabetes was defined by 

the American Diabetes Association Criteria (24) with negative islet cell antibody titers 
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(Barbara Davis Center, Denver CO). Obese controls had a BMI ≥ 95th percentile and lean 

controls had a BMI <85th percentile, as defined by age and sex specific percentiles for BMI. 

For participants over the age of 20 years, age was set to 19.99 years and BMI percentile was 

calculated. All obese participants underwent a 2 hour oral glucose tolerance test to exclude 

the diagnosis of diabetes. Pregnant females were excluded from the study. Prior to 

enrollment, written informed consent was obtained from subjects ≥18 years old, or the 

parent or guardian for subjects <18 years old. Written assent was also obtained for subjects 

<18 years old, according to the guidelines established by the institutional review board at 

Cincinnati Children's Hospital Medical Center. The study was reviewed and approved by the 

local institutional review boards at Cincinnati Children's Hospital Medical Center and 

Boston Children's Hospital.

Data Collection

All participants completed an in person study visit, during which demographics, medication 

history, anthropometrics, and a fasting (>10 hours) blood sample were obtained. Height and 

weight were obtained twice and averaged as previously described (22,23). BMI was 

calculated as weight in kilograms divided by the square of height in meters. Blood pressure 

was measured manually with a mercury sphygmomanometer (Baum Desktop model with V-

Lok cuffs, Copiague, NY) three times and averaged according to the Fourth Report (25).

Laboratory Data Collection

At the time of the study, plasma glucose was measured using a Hitachi model 704 glucose 

analyzer (Roche Hitachi, Indianapolis, IN, intra-assay and interassay coefficients of 

variation of 1.2 and 1.6%, respectively). Plasma insulin was measured by radioimmunoassay 

using an anti-insulin serum raised in guinea pigs, 125I-labeled insulin (Linco, St. Louis, 

MO), and a double antibody method to separate bound from free tracer. Fasting lipids were 

measured in a laboratory that is NHLBI/Centers for Disease Control and Prevention 

standardized, with the LDL cholesterol concentration calculated using the Friedewald 

equation. C-reactive protein (CRP) was measured using a high sensitivity ELISA. HbA1c 

was measured in red blood cells using high-performance liquid chromatography methods.

For the current study, 286 participants were randomly selected from the lean, obese and type 

2 diabetes groups, and were matched for age and sex between each group using the 

frequency matching method. Selected study subjects ranged in age from 15 to 26 years. 

Subjects who reported taking lipid-lowering medications, such as statins, at the time of the 

study were excluded from the analyses since these medications have been shown to increase 

PCSK9 levels (26–28). Serum PCSK9 levels were determined in duplicate using a 

commercially available quantitative sandwich enzyme immunoassay ELISA (Cat. No. 

Circulex CY-8079; CycLex Co., Ltd., Japan), according to manufacturer's instructions. The 

intraassay coefficient of variability (CV) was 8.2%. The interassay coefficient of variability 

was 9.7%.

Statistical Analysis

All analyses were performed with Statistical Analyses Software (SAS, version 9.3). Data are 

presented as mean and standard deviation, frequency and percent, or median and 
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interquartile range. Variance-stabilizing measures to transform non-normal values were 

performed as appropriate for parametric analyses. χ2 analyses were performed to determine 

group differences for categorical variables. Independent t-tests, one-way ANOVA, and 

ANCOVA were performed to test for mean differences between the groups. Bivariate 

correlations were calculated between PCSK9 levels and potential covariates. Multivariate 

linear regression models were constructed using race, sex, and group to elucidate the 

independent determinants of PCSK9. Group was chosen over BMI because it was a key 

factor in the study design, and the independent effects of BMI and group on PCSK9 were 

difficult to discern. Interactions between group and the other potential independent 

determinants of PCSK9 were also evaluated. P-value <0.05 was considered significant for all 

analyses.

Results

Table 1 lists the demographic, anthropometric, and laboratory data for all participants, 

stratified by study group. By design, there were no significant age or sex differences 

between the three groups. As expected, fasting plasma glucose and insulin levels differed 

significantly between all three groups (P<0.01). Plasma lipids varied among the groups, with 

total cholesterol, LDL, and non-HDL cholesterol increasing from lean to obese to type 2 

diabetes (P<0.01). In addition, plasma CRP levels were higher in the subjects with obesity 

and diabetes, compared to lean controls (P<0.01).

The PCSK9 measurements by group and by sex are presented in Figure 1. Overall, PCSK9 

concentrations differed significantly between the lean and obese groups (P= 0.01), and 

between the lean and type 2 diabetes groups (P=0.003; Figure 1A). A similar relationship 

was present in females, with PCSK9 levels increasing from the lean to obese (P=0.004), and 

obese to type 2 diabetes groups (P=0.01; Figure 1B). In males, PCSK9 levels were lower 

than in females (P = 0.03; Figure 1C), and PCSK9 levels did not differ between lean, obese 

and type 2 males (Figure 1B). Though race differed significantly between the groups (Table 

1), it did not have an independent effect on PCSK9 levels, and the relationships between 

PCSK9 and group, and PCSK9 and sex, remained significant after controlling for race (data 

not shown).

Table 2 shows the bivariate correlations between PCSK9 levels and other clinical variables 

by sex. Overall, PCSK9 levels significantly correlated with BMI (P<0.001), systolic blood 

pressure (SBP) (P=0.002), fasting glucose (P=0.003) fasting insulin (P<0.001), and CRP 

(P=0.02) in females, but not in males. Correlations between PCSK9 and total cholesterol, 

LDL, and non-HDL were observed in both males and females (P ≤ 0.008).

Discussion

We show in young adults with obesity/type 2 diabetes that serum PCSK9 levels are 

associated with metabolic dysfunction, but only in females. In young women, circulating 

PCSK9 is higher in obesity/type 2 diabetes. In contrast, PCSK9 levels in young men are 

lower than in young women, and are not correlated with metabolic dysfunction.
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Several studies in adults have also shown type 2 diabetes to be associated with increased 

levels of PCSK9 (14,15,29). These studies, coupled with studies in cells and mice showing 

that insulin induces PCSK9 (30,31), suggest that hyperinsulinemia in obesity/type 2 diabetes 

may drive PCSK9 levels. Consistent with this, insulin levels have been shown to be 

positively associated with PCSK9 in a large pediatric population (32). On the other hand, 

some clinical studies have not found an association between diabetes and PCSK9 (18, 28). 

The reason for this discordance is not clear. However, we would note that our study, as well 

as other studies showing a positive association between PCSK9 and diabetes (14,15), 

included significant numbers of non-Caucasians. Studies that failed to find an association 

were performed in largely Caucasian (18) or Asian (33) populations. This raises the 

possibility that the effects of diabetes on PCSK9 may be influenced by the racial 

composition of the population being studied.

Prior studies have also shown PCSK9 levels to be elevated in females versus males, in both 

adults and in children (14,32,34,35). Furthermore, some of these studies found associations 

between PCSK9 and BMI that were either stronger or only present in females (14,34). 

Interestingly, mice also appear to manifest a sex-dependent association between PCSK9 and 

body weight, though in this case, the association may be more prominent in males: leptin 

treatment of obese mice produced similar weight loss in males and females, which was 

associated with a 90% decrease in plasma PCSK9 in males, but no change in plasma PCSK9 

in females (36). Taken together, these data suggest that the effects of obesity on PCSK9 

could be modified by sex.

The mechanisms underlying the sex differences observed in PCSK9 levels remain unclear; 

however, most of the data to date suggest that estrogen suppresses PCSK9. Although 

estrogen replacement does not significantly alter plasma PCSK9 in post-menopausal females 

(37,38), high dose estradiol treatment suppresses hepatic PCSK9 expression in rats (39). 

Moreover, plasma PCSK9 is higher in post-menopausal compared to pre-menopausal 

women (35), and is inversely correlated with endogenous estrogen levels in healthy women 

(40). Additionally, studies in cells and mice have raised the possibility that estrogen may 

alter PCSK9 activity. First, estrogen treatment of cultured human hepatocarcinoma cells 

increases PCSK9 phosphorylation and impair the ability of PCSK9 to promote LDLR 

degradation (41). Second, PCSK9 may interfere with the accumulation of the LDL receptor 

at the plasma membrane only in the absence of estrogen (42). Interestingly, we found that 

females with obesity and type 2 diabetes had the highest levels of PCSK9, suggesting that 

these metabolic states could potentially impact the relationship between estrogen and 

PCSK9.

One limitation of our study is that we did not assess pubertal status in all of the subjects. 

This is potentially important since sex-dependent changes in PCSK9 have been observed 

during the peri-pubertal years; in boys, PCSK9 decreased from ages 9 to 16 years, whereas 

in girls, PCSK9 levels trended upwards (32). However, most of the males in our study were 

15 years of age or older, and almost all of the females were postmenarcheal by report, 

suggesting that the majority of our patients were in the later stages of puberty or were post-

pubertal. Thus, it is unlikely that differences in pubertal status confounded our results.
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In summary, in a young adult population, we show that PCSK9 is increased in subjects with 

obesity and type 2 diabetes, but that this increase is limited to females. Women without 

diabetes have previously been shown to be relatively protected against CVD when compared 

to men (43,44). In contrast, females with type 2 diabetes have an equivalent rate of CVD as 

males without diabetes (45). Given recent findings that circulating PCSK9 may predict 

future CV events (46), it is possible that PCSK9 mediates the increased risk of CVD 

observed in females with diabetes. Thus, therapies targeting PCSK9 may eventually prove to 

be of particular benefit to young females with obesity and type 2 diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A: Comparison of PCSK9 levels by group. B: Comparison of PCSK9 levels by group within 

each sex. C: Comparison of PCSK9 levels by sex. The boxes denote the distribution between 

the 75th and 25th percentiles; the horizontal lines within the boxes denote the median 

values; the whiskers represent the 5th and 95th percentiles. Closed circles represent 

individuals below the 5th or above the 95th percentiles. The asterisk indicates a P-value of 

<0.01 between the groups by ANOVA (A, B) or independent t-test (C).
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Table 1
Clinical characteristics of study participants according to group

Patient Characteristic Lean (n = 99) Obese (n = 93) Type 2 diabetes (n = 94) P-Values

Age (years) 20.6 (2.1) 21.1 (2.4) 20.4 (2.2) 0.10

Sex (n, % female) 58 (59) 53 (57) 56 (60) 0.94

Race¥ 0.02

 Caucasian(%) 56 47 37

 African-American (%) 44 53 62

 Other (%) 0 0 2

Medications

 Insulin (%) 0 0 40

 Oral hypoglycemic (%) 0 0 46

 Estrogen containing (%) 4 2 2 0.19

Height (cm) 170.3 ± 7.9 170.7 ± 9.3 169.8 ± 9.7 0.75

Weight (Kg)* 65 (58, 76) 87.5 (75, 100) 107 (83, 126) <0.0001

BMI (kg/m2)# 22 (20.7, 24.6) 30 (27.4, 34.1) 35.4 (30.9, 42.9) <0.0001

Systolic BP (mmHg)# 114 (108, 121) 118 (111, 124) 121 (114, 130) 0.0003

Diastolic BP (mmHg) 69 ± 7 71 ± 6 69 ± 13 0.07

HbA1c (%) 8.7 ± 3.1

HbA1c (mmol/mol) 72 ± 10

Fasting Glucose (mg/dL)* 87 (82, 91) 90 (85, 93) 134 (98, 246) <0.0001

Fasting Insulin (mU/mL)# 11.9 (8.9, 16.0) 16.6 (12.4, 21.2) 17.1 (12.3, 25.9) <0.0001

Total cholesterol (mg/dL)* 160 (141, 183) 156 (143, 181) 177 (157, 216) <0.0001

LDL cholesterol (mg/dL)# 89.5 (75, 108) 88 (77, 109) 112 (90, 137) <0.0001

HDL cholesterol (mg/dL)# 53 (44, 64) 50 (45, 58) 42 (37, 51) <0.0001

Non-HDL cholesterol (mg/dL)# 108 (89, 129) 104 (89, 129) 136 (112, 170) <0.0001

Triglycerides (mg/dL)# 80 (57, 105) 72 (57, 99) 99 (70, 165) <0.0001

CRP (mg/dL)# 0.5 (0.2, 1.6) 1.2 (0.8, 3.0) 3.5 (1, 6.8) <0.0001

PCSK9 (ng/mL)# 239 (210, 312) 284 (229, 363) 288 (226, 391) 0.002

Values are mean ± SD or median (Interquartile Range).

¥
Comparisons between groups using Fisher's Exact Test.

*
Indicates non-normally distributed data; Kruskal-Wallis Test was used for comparisons between groups.

#
Indicates data that was log transformed to achieve normality; one way ANOVA was used for comparisons between groups.
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Table 2

Correlation of PCSK9 with clinical variables by sex.

Females Males

Clinical Variable Correlation Coefficient* P-value Correlation Coefficient* P-value

BMI (kg/m2) 0.341 <0.0001 0.006 0.95

Systolic BP (mmHg) 0.247 0.002 0.114 0.23

Diastolic BP (mmHg) 0.052 0.53 0.158 0.10

Fasting Glucose (mg/dL) 0.235 0.003 0.129 0.17

Fasting Insulin (mU/mL) 0.300 0.0003 -0.008 0.94

Total cholesterol (mg/dL) 0.293 0.0002 0.275 0.003

LDL cholesterol (mg/dL) 0.337 <0.0001 0.292 0.002

HDL cholesterol (mg/dL) -0.154 0.05 0.131 0.16

Non-HDL cholesterol (mg/dL) 0.328 <0.0001 0.246 0.008

Triglycerides (mg/dL) 0.154 0.05 0.094 0.32

CRP (mg/dL) 0.235 0.02 0.223 0.07

*
Correlations between clinical variables and PCSK9 within sex were determined using Spearman correlation. Significant values denoted in bold.
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