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Purpose: Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a key regulator of

circulating LDL cholesterol. There are inconsistent data in some populations concerning

the association between PCSK9, LDL and CRP. The emerging importance of the inhibition

of PCSK9 for the treatment of hypercholesterolemia warrants investigations in different

populations. The aim of this study from a Sub-Saharan African population was to evaluate

the association between PCSK9 and hs-CRP levels and plasma lipid levels in patients with

type 2 diabetes (T2D) and obese and lean controls.

Patients and methods: A cross-sectional analytical study was conducted in a major

hospital in Yaoundé, Cameroon in a cohort of 162 participants (53% females). There were

54 non-obese T2D patients matched for age and sex to 54 obese nondiabetic and 54

nondiabetic lean subjects. PCSK9 level was assessed by sandwich ELISA method and

hsCRP by nephelometry.

Results: PCSK9 and hs-CRP levels were significantly higher in obese and T2D subjects

when compared to lean controls (p<0.001 and p=0.002, respectively). The association

between PCSK9 and triglyceride levels in the overall population was gender dependent

(p=0.04) and subgroup analysis showed a significant positive correlation between PCSK9

and triglyceride levels in males but not in females (r=0.56, p=0.02 and r=0.2 and p=0.1,

respectively). Multilinear regression analysis identified BMI as an independent predictor for

PCSK9 levels and this association was maintained after adjustment for confounders; adjusted

β-coefficient; 36.1 (95% CI; 29.2–47.4). We did not find an association between PCSK9 and

any plasma lipid levels in obese and T2D subjects, nor between PCSK9 and hs-CRP levels.

Conclusion: Obese and type 2 diabetes subjects have higher PCSK9 levels when compared

to lean controls, suggesting that these metabolic states potentially impact PCSK9 levels in

Cameroonian patients.
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Introduction
The global prevalence of type 2 diabetes (T2D) is rising possibly due to obesity,

changing lifestyle and physical inactivity.1 T2D and obesity are independent cardi-

ovascular risk factors. An important contributor to elevated cardiovascular disease

(CVD) risk in T2D and obese subjects is dyslipidemia including abnormalities in all

lipoproteins. T2D and obesity are associated with increased levels of small dense

low-density lipoprotein cholesterol (LDL), decreased levels of high-density lipo-

protein (HDL) cholesterol, and increased levels of triglycerides.2,3
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The International Diabetes Federation (IDF) recom-

mends a triple target achievement (glycated hemoglobin

<7%, blood pressure < 130/80mmHg and LDL cholesterol

< 100mg/dL) in patients with diabetes. In Africa, the num-

ber of patients achieving the triple targets is low.1

Management of diabetic dyslipidemia is essential in the

multifactorial approach to prevent CVD in patients with

T2D.4 One of the key regulators of circulating LDL is

proprotein convertase subtilisin/kexin type 9 (PCSK9). It

promotes the lysosomal degradation of hepatic low-density

lipoprotein receptors, resulting in increased circulating

LDL cholesterol levels and therefore regarded as a good

lowering lipid target.5,6 Moreover, observational studies

suggest a weak positive correlation between PCSK9 and

CRP, but a recent review revealed that PCSK9 inhibitors do

not alter hs-CRP levels.6,7

There are inconsistent findings in the association

between PCSK9 measured in ethnically diverse cohorts

and plasma LDL concentrations. Some studies found

PCSK9 level elevated in patients with obesity and T2D

and others not.8,9 Studies have reported that insulin

induces PCSK9 expression, suggesting that insulin-

resistant states like T2D and obesity may drive circulating

PCSK9 levels.10,11

To date, there is limited data on PCSK9 concentrations

in the African population and evidence supporting its

association with circulating LDL cholesterol levels is

unclear.12,13 Studies largely conducted in Caucasian and

Asian populations suggest that PCSK9 levels are

increased, unchanged or oven reduced in subjects with

obesity and T2D.8,9,14 It is however unclear whether

PCSK9 levels are also changed in African adults with

type 2 diabetes and obesity. The purpose of this study in

a sub-Saharan African population was to investigate the

association between PCSK9 and plasma lipid levels in

adults with obesity and T2D.

Methods
Study Design and Study Population
We conducted a cross-sectional analytical study at a major

hospital in Yaoundé, Cameroon. The study protocol was in

accordance with the principles of the Declaration of

Helsinki and approved by the Centre Regional Ethics

Committee for Human Health Research, Cameroon. All

participants provided written informed consent prior to

inclusion.

Participants were patients with obesity without T2D

and non-obese T2D patients recruited by systematic sam-

pling from the major diabetes center in the country and

matched for age and sex to lean subjects without diabetes.

T2D was defined as fasting plasma glucose ≥1.26g/L on 2

separate occasions or as documented diagnosis and/or

intake of anti-diabetic medication; obesity as body mass

index (BMI) ≥ 30Kg/m2; and lean subjects as BMI <25Kg/

m2. Non-diabetes were people without history of diabetes

and who had HbA1C < 6.5%. Participants were not eligible

if pregnant, on lipid-lowering medication or refused to

give informed written consent.

Sample size calculation was done using Whitley and

Ball’s formula which is one used for calculation for

a difference in means between 2 or more groups.15 To

obtain a mean difference of 45ng/mL of PCSK9 levels

between the groups, we estimated a sample size of 52

patients per group from 80% power and 5% alpha.

Data Collection
Demographics, medical history, lifestyle and anthropo-

metrics were obtained during an in-person visit completed

by all participants. Clinical examination measured blood

pressure, weight and height twice and an average of the

two measures considered. Trained investigators measured

weight in participants without shoes, belt or jackets using

an electronic scale and height in participants without shoes

using a portable stadiometer that was calibrated prior to use.

Body mass index was calculated as weight in kilograms

divided by the square of height in meters. Blood pressure

was measured in a sitting position after at least 10 min of rest

using an automatic sphygmomanometer (OMRON® HEM-

712 C, OMRON HEALTHCARE, INC. Bannockburn,

Illinois 60015. USA). We defined hypertension as systolic

blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood

pressure (DBP) ≥ 90mmHg, or antihypertensive drug use.

Fasting venous blood samples were collected from

participants (after at least 10 hrs of overnight fast) for

laboratory analysis in 3 different tubes: dry, EDTA and

sodium fluoride tubes. Plasma and serum were separated

and aliquoted within 30 min of collection and stored at

−80°C until analysis. Serum triglycerides (TG) and high-

density lipoprotein (HDL)-cholesterol and total cholesterol

(TC) were measured by end-point colorimetric method

using BiolaboTM kits. The inter-assay coefficients of var-

iation were 2.5% and 1.8% and 1.8%, respectively. Low-

density lipoproteins (LDL) cholesterol concentration was
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calculated using the Friedewald equation: LDL (g/L) = TC

(g/L) – HDL (g/L) – TG (g/L)/5, provided TG is < 4g/L.

HbA1c was assayed by the boronate affinity chromatogra-

phy methods using LabonaCheck™ A1c. Fasting glycaemia

was measured by enzymatic method using the highly specific

enzyme glucose oxidase. Plasma levels of PCSK9 were mea-

sured using a commercial high-sensitivity, quantitative sand-

wich enzyme immunoassay (Human PCSK9 PicoKine™

ELISA Kit Boster Biological Technology, Pleasanton CA,

USA, Catalog # EK1147) according to the manufacturer’s

instructions. Plasma samples were diluted 1:100 in the diluent

buffer. This dilution factor had been determined as appropriate

by titration assay according to the manufacturer prior to the

batch measurement. The typical assay range of this ELISA kit

is between 156pg/mL-10000pg/mL. The intra-assay coeffi-

cient of variation was 7.6% and inter assays was 9.8%.

Highly sensitive C-reactive protein (hs-CRP) was assayed by

high-sensitivity enzyme-linked immunosorbent assay using

nephelometry method (Genrui Biotech Inc).

Statistical Analysis
All analyses were performed using IBM SPSS statistics for

windows version 20.0. Armonk, NY: IBM Corp. Continuous

variables are presented as median and categorical variables

are expressed as frequency and percent. Differences between

groups were computed using Kruskal–Wallis test for contin-

uous variables and chi2 test for categorical variable, with

Bonferroni correction for pairwise comparison (p <0.017).

Correlations between clinical variables and PCSK9 were

determined using Spearman correlation. Multivariate linear

regression models were constructed to identify independent

predictors for PCSK9 and adjustments for possible con-

founding factors such as age, sex, HbA1c and BMI made

by including them as covariates in the multilinear linear

regression model. Where applicable, a p-value <0.05 was

considered as statistically significant.

Results
A total of 162 participants were recruited; 54 patients with

T2D but without obesity, matched for age and sex to 54

patients with obesity but no diabetes and 54 nondiabetic

lean subjects. Descriptive characteristics for the patients

are shown in Table 1.

Participants had a median age of 54.5 years [46–61],

with a median known duration of diabetes of 5.1 years

[2.9–7.6] for the diabetes group. Majority of participants

were females 53%. Approximately 35% of T2D patients

reported a prior diagnosis of high blood pressure, as com-

pared to almost 13% in the group with obesity and 4% in

the lean group. Median BMI in the group with obesity was

37.1Kg/m2, as opposed to 24.8Kg/m2 in the T2D group

and 24.1Kg/m2 in the lean group as shown in Table 1.

Table 2 shows that overall, fasting blood glucose

increased from the lean to obese (p<0.001), and obese to

type 2 diabetes groups (p<0.001). Total cholesterol, LDL

cholesterol and triglycerides levels differed significantly

Table 1 Demographic Characteristics of Study Participants According to Groups

Patient Characteristics Type 2 Diabetes (T2D) Non

Obese n= 54 M[Q1-Q3]

Obese Non T2D n= 54 M

[Q1-Q3]

Lean Non T2D n= 54 M

[Q1-Q3]

p-value

Age (years) [Q1-Q3] 54.5[46.0–61.0] 54.5[46.0–61.0] 54.5[46.0–61.0] 0.40

Female, n (%) 29 (53.7) 29 (53.7) 29 (53.7) 0.86

Known duration of diabetes

(years)

5.1[2.9–7.6] — — —

Known hypertension, n(%) 19 (35.1) 7 (12.9) 2 (3.7) 0.01

Medication, n (%):

Oral hypoglycemic agents 54 (100) — — —

Insulin 9 (18) — — —

Anti-hypertensive drugs 16 (29.6) 4 (7.4) 2 (3.7) 0.006

BMI (Kg/m2) 24.8[23.1–26.3] 37.1[32.4–44.38] 24.1[23.7–24.6] < 0.001

Systolic BP (mmHg) 126.5[115.5–139.8] 131.0[121.0–140.0] 125.5[115.8–128.3] 0.116

Diastolic BP (mmHg) 78.0[73.0–89] 85.0[78.0–91.0] 79.5[71.5–87.0] 0.195

Heart rate (bpm) 76.5[72.0–82.3] 77.0[70.0–82.0] 72.5[70.0–77.3] 0.111

Notes: Indicates data not available because it was not appropriate. Boldface type indicates statistical significance where p< 0.05. Values are given in M[Q1-Q3] unless

otherwise stated. — indicates data not available because it was not appropriate. Table 1 shows the descriptive characteristics of the study participants. There was no

difference in age, sex ratio and mean blood pressure between the 3 groups. The diabetes group had a significantly higher number of patients with known high blood pressure.

Abbreviations: M[Q1–Q3], Median [25th–75th percentile]; T2D, type 2 diabetes; BMI, body mass index; BP, blood pressure; bpm, beats per minutes.
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between the type 2 diabetes and lean group only (p=0.014,

p=0.009 and p=0.012, respectively). Mean hs-CRP levels

were significantly different between the 3 groups (p=0.002).

As shown in Figure 1, PCSK9 levels were significantly

higher in type 2 diabetes compared to lean subjects

(p=0.001) and in obese compared to lean subjects

(p=0.003). PCSK9 concentrations did not differ signifi-

cantly between subjects with type 2 diabetes and those

with obesity. Subgroup analyses by sex showed that in

males, the mean PCSK9 concentration of the lean group

was significantly different from both the type 2 diabetes

group (p= 0.001) and the obese group (p=0.011). In

females, PCSK9 levels differed significantly between the

groups (0.041) (Figure 2).

Table 3 shows correlation analyses of PCSK9 with dif-

ferent clinical variables according to gender. A significant

positive correlation was found between PCSK9 levels and

BMI in females and between PCSK9 and triglycerides levels

in males. There was no association between PCSK9 and hs-

CRP, nor between PCSK9 levels and markers of glycemic

control (HbA1C or fasting glycaemia). Correlation analyses

by groups (type 2 diabetes, obese and lean groups) did not

show any significant correlation between PCSK9 and the

clinical or biochemical parameters.

On performing multilinear regression model, BMI was

identified as an independent predictor for PCSK9 levels in

the total population and this relationship was unchanged

after adjusting for confounders (age, sex, HbA1c and

known high blood pressure): Crude β-coefficient 42.1

(95% CI; 33.5–52.7) vs adjusted β-coefficient 36.1 (29.-

2–47.4). There was no association between PCSK9 and

any of the plasma lipids measured even after adjustment

for the confounders listed above.

Discussion
Scanty information on proprotein convertase subtilisin

kexin (PCSK9) exists in Africa. PCSK9 genetic variants

cause extreme plasma LDL cholesterol (LDL-C) devia-

tions. We sought to evaluate the relationship between

PCSK9 levels and plasma lipid levels in patients with

type 2 diabetes (T2D) comparatively to matched patients

with obesity without diabetes and lean subjects. The

major finding is that PCSK9 and hs-CRP levels were

significantly different between the 3 groups. BMI was

identified as an independent predictor for PCSK9 levels,

and this relationship was unchanged after adjusting for

potential confounders such as age, sex, blood pressure

and glycated hemoglobin levels. PCSK9 levels were

positively correlated with serum triglyceride levels in

the male group.

Our study showed that PCSK9 levels were significantly

higher in patients with obesity and type 2 diabetes and this

remained unchanged on subgroup analysis by gender.

Table 2 Biological Findings of Study Participants According to Groups

Patient Characteristics Type 2 Diabetes n =54 M[Q1-Q3] Obese n =54 M[Q1-Q3] Lean n =54 M[Q1-Q3] p-value

FBG (g/L) 1.07[1.02–1.39] 1.05[1.03–1.09] 1.01[0.97–1.06] 0.012

HbA1c (%) 6.05[4.93–6.98] 5.94[4.80–6.50] 5.1[4.60–5.39] 0.06

LDL cholesterol (g/L) 0.98[0.83–1.09] 0.93[0.85–1.05] 0.88[0.74–1.03] 0.007

HDL-Cholesterol (g/L) 0.40[0.38–0.46] 0.43[0.38–0.49] 0.53[0.44–0.57] 0.68

Total cholesterol (g/L) 1.73[1.58–1.85] 1.74[1.62–1.85] 1.67[1.54–1.80] 0.01

Triglycerides (g/L) 1.78[1.45–2.01] 1.65[1.43–1.92] 1.58[1.32–1.47] 0.018

hs-CRP (mg/dL) 1.36[0.22–3.01] 1.81[0.57–4.42] 0.27[0.20–0.66] 0.002

Notes: Boldface type indicates statistical significance where p< 0.05. Patients with obesity and type 2 diabetes had significantly higher levels of PCSK9, hs-CRP, triglycerides,

total cholesterol and fasting glycaemia than the lean group.

Abbreviations: M[Q1–Q3], Median [25th–75th percentile]; FPG, Fasting Plasma Glucose; HbA1c, Glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; hs-CRP, High sensitive C-reactive protein.

Figure 1 Comparison of PCSK9 levels by group. PCSK9 was significantly higher in

patients with obesity and type 2 diabetes.
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Consistent with pre-clinical studies, and observation stu-

dies, our study suggests that hyper-insulinemic in insulin-

resistant states like type 2 diabetes and obesity may influ-

ence PCSK9 levels.10 Similarly, Levenson et al, in

a pediatric population showed PCSK9 levels to be posi-

tively correlated to insulin levels.16 So far, studies are

inconsistent as Brower’s et al did not find an association

between PCSK9 and diabetes.14 Overall, studies that did

not find an association between diabetes and PCSK9 were

conducted mostly in Caucasian populations whereas stu-

dies that found a positive association between PCSK9 and

diabetes were mainly conducted in ethnically diverse

cohorts.8 This suggests that the effects of diabetes on

PCSK9 may be influenced by the race. Although PCSK9

concentrations did not differ significantly between the

obese and type 2 diabetes groups, pre-clinical studies

suggest the role of additional factors to insulin-like

SREBP-1 and SREBP-2 and HNF-1α in the induction of

PCSK9 in patients with obesity and type 2 diabetes.10,11

Multivariate analysis showed that BMI was indepen-

dently predictive for PCSK9 levels. This relationship was

maintained after adjusting for potential confounders such

as age, sex and HbA1c. Consistent with prior studies, we

found this association of BMI with PCSK9 levels only

present in females suggesting that gender might be an

effect modifier in the relationship between BMI and

PCSK9 levels.16

PCSK9 levels were positively correlated with triglycer-

ide levels in the male group but not with LDL cholesterol.

Plasma PCSK9 measured in ethnically diverse cohorts

show that circulating PCSK9 levels vary widely among

apparently healthy subjects and correlate differently with

the plasma LDL concentration.8,12 It is thought that

genetic factors contribute to this variability.

PCSK9 gene is thought to be one of the genes that regulate

both cholesterol and glucose metabolism.12 We did not find

a correlation between PCSK9 levels and glycemic control.

Yang et al in a Chinese cohort found a positive correlation

Figure 2 Comparison of PCSK9 by group within each sex. PCSK9 levels remained significantly higher in patients with obesity and type 2 diabetes even after stratification by gender.
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between PCSK9 levels and glycated hemoglobin in type 2

diabetes subjects but not in controls.17 Clinical trials with

PCSK9 inhibitors report a small but significant increase in

plasma glycaemia and HbA1c, without increasing the risk of

incident type 2 diabetes in the short term.12

Type 2 diabetes and obesity are often associated with

dyslipidemia which increases cardiovascular risk. Our data

show that mean serum triglyceride, LDL and total cholesterol

levels were higher in type 2 diabetes subjects compared to lean

subjects. Conversely, Yadav et al showed that lipid levels were

increased in patients with T2D.18 This is because T2D is

associated with increased deposition of triglycerides in non-

adipose tissue, such as the heart, liver, pancreas, and skeletal

muscle. Dyslipidemia in this population is characterized by

hypertriglyceridemia and low levels of HDL-C. It is more

common in patients with diabetes as compared to subjects

without diabetes due to a fourfold increase in VLDL triglycer-

ide. Lipid abnormalities in type 2 diabetes could be secondary

consequences of insulin resistance; therefore, any approach

that lowers insulin resistance would be anticipated to have

a beneficial effect on dyslipidemia.3

PCSK9 is a cardiovascular risk factor that not only regu-

lates cholesterol metabolism but acts as a critical regulator of

inflammatory reaction. It has been shown to be positively

correlated with hs-CRP which is also an independent cardio-

vascular disease (CVD) riskmarker.7 Our data indicate that hs-

CRP levels differed significantly among the 3 groups but there

was no correlation between PCSK9 and hs-CRP.

In summary, in an adult population of patients with obesity

without diabetes, non-obese type 2 diabetes, and lean

nondiabetic subjects, we showed that PCSK9 levels were

significantly higher in the T2D and obese groups compared

to the lean group. Women compared to men have a lower

cardiovascular disease risk in the absence of diabetes and

obesity. But in females with diabetes, the risk of CVD is

similar to that of non-diabetic males; therefore, it is important

to assess sex-dependent PCSK9 levels in these groups.

Some limitations of this study warrant attention. We did

not assess menopausal status in the female subjects which is

important because pre and post-menopausal statuses have

been shown to influence PCSK9 levels. However, given the

very few post-menopausal women in our sample, it is unlikely

that differences in menopausal status confounded our results.

Also, the hospital-based sampling limits generalizability.

Conclusion
Our results show higher PCSK9 levels in subjects with

obesity and type 2 diabetes suggesting that these metabolic

states potentially influence PCSK9. It is possible that in

obese/type 2 diabetes subjects, PCSK9 plays a role in the

increased cardiovascular outcomes risk, given that findings

suggest that PCSK9 predicts future cardiovascular events.

More work is needed to understand the contribution of

high PCSK9 levels in obese subjects and patients with

type 2 diabetes in this population.

Ethical Consideration
This study was approved by the Institutional Review

Board and Regional Ethics committee. All participants

provided written informed consent prior to inclusion.

Table 3 Correlation of PCSK9 with Clinical Variables by Sex

Clinical Variable Females Males

Correlation Coefficient p-value Correlation Coefficient p-value

Age (years) −0.02 0.87 0.12 0.26

Systolic BP (mmHg) 0.28 0.15 0.04 0.83

Diastolic BP (mmHg) 0.43 0.85 0.21 0.30

BMI (Kg/m2) 0.61 0.04 0.05 0.63

Fasting glycaemia (g/L) 0.61 0.82 0.53 0.21

Glycated hemoglobin (%) 0.53 0.1 0.39 0.92

Total cholesterol (g/L) 0.09 0.43 0.05 0.67

HDL cholesterol (g/L) 0.17 0.12 −0.13 0.23

LDL cholesterol (g/L) 0.06 0.56 −0.03 0.77

Triglycerides (g/L) 0.15 0.17 0.56 0.02

hs-CRP (mg/dL) 0.51 0.39 0.17 0.09

Notes: Boldface type indicates statistical significance where p< 0.05. PCSK9 levels were positively correlated to BMI in females and to triglyceride levels in males.

Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; PCSK9, Proprotein convertase subtilisin/kexin type 9; hs-CRP, High sensitive C-reactive protein.
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