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The background population for this study is the population-based Malmö Diet and Cancer 

Study (MDC) of which 28,098 subjects participated in the baseline examination between 

1991 and 1996 (5). In a random sample (n=2,568) of subjects without CKD (eGFR > 60 

mL/min/1.73 m2) at inclusion the relationship between penKid concentration at baseline 

and presence of CKD at follow-up re-examination as well as the association of penKid 

with yearly change in eGFR, plasma creatinine and plasma Cystatin C was examined. 

penKid was measured using a chemiluminescence-based sandwich immunoassay provided 

by sphingotec GmbH (Hennigsdorf, Germany), as described (2-4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Clinical characteristics of the Malmö Diet and Cancer study participants at base-

line examination (1991-1996) included in analyses for prediction of CKD at follow-up re-

examination (2007-2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: a) Risk for CKD at follow-up re-examination in relation to baseline penKid 

concentration in 2,568 participants of MDC-CC. The logistic regression model was 

adjusted for sex, age, follow-up time and baseline levels of BMI, eGFR, fasting glucose, 

SBP and anti-hypertensive medication. The lowest tertiles (T1) was defined as the 

reference category. Changes per year in b) eGFR, c) creatinine and d) Cystatin C through 

levels of fasting plasma penKid in a linear model adjusted for age, (sex), and baseline 

levels. L=low, M=medium and H=high. 

During a mean follow-up time of 16.6 years, 31.7% of the subjects developed CKD. 

Among participants in the highest versus the lowest tertile of penKid concentration at 

baseline the OR for CKD was 1.50 (95% CI 1.18-1.94) after adjusting for age, sex, follow-

up time, and baseline levels of eGFR, fasting glucose, BMI, antihypertensive treatment 

and systolic blood pressure (Figure 1). The yearly mean decline of eGFR as well as the 

yearly rise of cystatin C and creatinine were significantly higher among participants 

with penKid levels in the highest tertile (P-trend=0.0003, 0.005 and 0.000003). Through 

genome-wide association analysis in 4,150 participants of the same cohort we identified 

one locus with 24 SNPs located up- or downstream of the PENK gene that associated 

with penKid concentration (P<5x10-8). The strongest association was observed for 

rs1012178 where the T minor allele associated with 0.057 pmol/L higher penKid levels 

per allele (P=4.666-21). The T-allele associated with 19% increased risk of CKD per minor 

allele (P=0.03).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: a) Q-Q- and b) Manhattan plot from genome-wide analysis in n=4150 

participants from Malmö Diet and Cancer –Cardiovascular Cohort. Red line is indicating 

a P-value of 10-8. Regional locus zoom plot of associations at 8q12.1 with fasting 

plasma penKid concentration in n=4150 participants from Malmö Diet and Cancer –

Cardiovascular Cohort for c) 850,658 directly genotyped SNP and d) additional 

imputation with 1000G reference panel up to 21,575,257 SNPs after QC. The purple 

Diamond indicates the lead SNP in addition to all identified SNPs within different 

degrees of perfect LD (r2 ≥0.80% (red), 0.8-0.6 (orange), 0.6-0.4 (green), 0.4-0.2 (light 

blue) and ≤0.2, respectively) at this locus.  

 

 

 

 

  

 

 

 

 

Recently, elevated plasma Pro-Enkephalin (penKid), a stable surrogate marker for 

Enkephalins (1), has been associated with decreased estimated glomerular filtration rate 

(eGFR) in acute disease settings (2-4). Here we examined if penKid predicts incident 

chronic kidney disease (CKD) and decline of renal function in a prospective general 

population cohort without CKD at baseline.  

Purpose of the study 

Methods 

Results 

Conclusions 

Circulating plasma concentration of penKid predicts incident CKD and may be useful in 

identifying subjects in need of pharmacological and non-pharmacological primary 

preventive regimens. In addition, the Mendelian Randomization analysis suggests that the 

relationship between penKid levels and incident CKD could be causal. 
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High Level of Plasma Pro-Enkephalin (penKid) in the General Population Predicts 
Deterioration of Kidney Function and Incidence of Chronic Kidney Disease 

 
All 

(n=2568) 

Men 

(n=1046) 

Women 

(n=1522) 

% cases2 31.7 28.0 34.2 

Age at Baseline (years) 56.44 (5.69) 56.51 (5.83) 56.39 (5.60) 

BMI (kg/m2) 25.40 (3.66) 25.93 (3.28) 25.03 (3.86) 

Waist (cm) 82.41 (12.27) 92.00 (9.37) 75.83 (9.36) 

SBP (mm Hg) 139.59 (17.85) 141.26 (17.23) 138.44 (18.18) 

DBP (mm Hg) 86.27 (9.12) 87.98 (9.23) 85.10 (8.86) 

Fasting blood glucose (mmol/L) 5.55 (1.08) 5.72 (1.10) 5.43 (1.06) 

Plasma cystatin C (mg/dL) 0.76 (0.12) 0.78 (0.12) 0.74 (0.12) 

Plasma creatinine (μmol/L) 83.52 (13.46) 91.26 (13.11) 78.20 (10.87) 

eGFR (CKD-EPI2012) 90.85 (12.28) 94.57 (12.02) 88.30 (11.80) 

penKid (pmol/L) 46.34 (14.60) 43.12 (9.99) 48.56 (16.71) 

Antihypertensive treatment (%) 14.7 15.2 14.4 

Current smoking (%) 22.5 23.0 22.2 

1either as mean (SD) for continuous variables or as percentage for categorical variables; 2CKD defined as eGFR 

(CKD-EPI2012) of less than 60ml/min/m2 ; SBP= Systolic blood pressure; DBP= Diastolic blood pressure; 

estimated Glomerular Filtration Rate (eGFR) CKD-EPI 2012 based on Inker et al (6). 

Figure 3: Risk for CKD at follow-

up re-examination in relation to 

rs101278 genotypes in 2,766 

participants of MDC-CC. The 

logistic regression model was 

adjusted for sex, age, follow-up 

time and baseline levels of BMI, 

eGFR, fasting glucose, SBP and 

anti-hypertensive medication. 

CC-allele carriers were defined as 

the reference category.  

a) 

c) d) 
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