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Abstract 

This study assessed if the frequency of the protective CNDP1 genotype, i.e. the 

(CTG)5 homozygous genotype, remains gender specific when the diagnosis of 

diabetic nephropathy (DN) is based on clinical inclusion criteria (CIC-DN) or when the 

diagnosis is based on biopsy material (biopsy proven DN (BP-DN)) only. It also 

assessed if the frequency of the protective genotype is changed with time on dialysis.  

145 T2DM patients without DN (no-DN), 110 T2DM patients with CIC-DN, 30 T2DM 

with BP-DN, 22 patients with biopsy proven non-diabetic renal disease (BP-NDRD) 

and additional 85 uremic patients on hemodialysis were studied. 

Overall frequencies of the (CTG)5 homozygous genotype in the different groups were 

36% (no-DN), 38% (CIC-DN), 17% (BP-DN) and 32% (BP-NDRD) (p<0.05 for no-DN 

vs. BP-DN and for BP-DN vs. BP-NDRD). Gender stratification revealed a lower 

frequency of the protective genotype in the female CIC-DN as compared to the no-

DN group (38% vs. 31%, no-DN vs. CIC-DN), yet this difference was only statistical 

significant in female for the comparison with the BP-DN group (38% vs. 0%, no-DN 

vs. BP-DN, p<0.05). No evidence for a significantly decreased frequency of the 

protective genotype was found in male T2DM patients. The proportion of (CTG)5 

homozygous patients on hemodialysis (HD) increased with time on dialysis from 

26%, 39%, to 48% for time on dialysis of: <18 months; 18-120 months; >120 months 

respectively. 

Our study confirms that the association between the CNDP1 genotype and DN is 

most likely gender specific. It also suggests that (CTG)5 homozygous patients may 

have a survival advantage when HD is required. Yet, it remains to be addressed why 

the frequency of (CTG)5 homozygous patients is increased with time on dialysis.  
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Introduction 

The incidence of diabetic nephropathy (DN) is approximately 40% in type 1 and type 

2 diabetic patients [1] and is the leading cause of end stage renal disease (ESRD) 

[2]. Compelling evidence has shown that susceptibility to DN is genetically 

determined [3, 4]. Amongst the reported linkage studies there seems to be 

consistency for linkage between human chromosome 18q22.3-q23 and DN [4-7], 

albeit that also linkage to the DN trait on chromosomes 7q21.3, 10p15.3, 14q23.1 

has been reported (7). Linkage with 18q22.3 was observed in populations of different 

ethnicities, e.g. American Indians [8], African-Americans [9] and Caucasians (5).   

Janssen et al. initially reported that CNDP1, located on chromosome 18q22.3-q23, is 

a candidate gene for susceptibility to DN in type 2 diabetes (T2DM) [10]. 

Homozygosity for the (CTG)5 allele of CNDP1 affords protection against DN in T2DM 

patients as compared to other genotypes [10]. This protective effect was also 

confirmed in non-diabetic glomerular nephritis [11]. The prevalence of the (CTG)5 

allele strongly varies with different ethnicities. While homozygosity for the (CTG)5 

allele is more frequent in the European population (38.6% in healthy controls and 

29.3% in DN-ESRD patients) [12], this genotype seems to be much more rare in the 

Asian population with a high prevalence of DN [13, 14]. It has also been reported that 

the association between CNDP1 genotype and diabetic nephropathy is sex specific 

and independent of susceptibility for T2DM [15].  

Since most patients with T2DM are not formally evaluated with a renal biopsy, the 

diagnosis of DN is based on clinical criteria, e.g. persistent macro-albuminuria in at 

least 2 independent measurements (albumin excretion rate > 300 mg/d or > 200 mg/l 

or ACR (albumin/creatinine ratio) > 300 mg/g). Yet, a biopsy based retrospective 

evaluation study on the prevalence of non-diabetic renal disease (NDRD) in T2DM 

patients revealed up to 53.2% patient having NDRD without evidence of concurrent 
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DN [16]. Although the clinical diagnosis of DN in T2DM patients can be improved by 

the presence of proliferative retinopathy [17, 18], genetic studies that use clinical 

inclusion criteria (CIC) for group allocation still bear the risk of wrongly assigning 

patients to the DN group. In the present study we assessed whether the association 

between CNDP1 and DN is still present if patients with the diagnosis of DN based on 

CIC (CIC-DN) are separated from those patients in whom the diagnosis is biopsy 

proven (BP-DN), and if so, whether this is only observed in female T2DM patients. It 

has also been reported that the association with the CNDP1 (CTG)5 homozygous 

genotype with cardiovascular mortality in T2DM is sex-specific [19]. Since CNDP1 

(CTG)5 homozygous T2DM patients have a high risk of cardiovascular mortality [19], 

it would be expected that the frequency of (CTG)5 homozygous patients on HD would 

decrease with time on dialysis. We therefore also assessed whether the prevalence 

of this genotype changes with time on dialysis, and if so, whether this is only 

observed in female T2DM patients.  
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Materials and Methods  

Patients 

After screening of clinical records, a total of 340 patients fulfilled the clinical inclusion 

criteria and additionally 52 patients with a biopsy proven renal diagnosis were 

selected for this study. Patients (n=392) were allocated to 5 different groups, i.e. 1) 

T2DM without DN (no-DN; n=145), T2DM with DN either based on 2) clinical 

inclusion criteria (CIC) alone (CIC-DN; n=110) or 3) based on biopsy material only 

(BP-DN; n=30), 4) patients with biopsy proven non-diabetic renal disease (BP-NDRD; 

n=22), and 5) uremic patients on hemodialysis (n=85) (Fig. 1). For both the T2DM 

with DN and NDRD patients, selection was first done on the basis of clinical criteria 

and only if biopsy material was available allocation to the BP-DN or BP-NDRD 

occurred. Hence, the CIC-DN group exclusively consisted of patients in which no 

renal biopsy was performed.    

Inclusion criteria for DN were as follows: persistent macro-albuminuria in at least 2 

independent measurements (albumin excretion rate > 300 mg/d or > 200 mg/l or ACR 

(albumin/creatinine ratio) > 300 mg/g) was obligatory in combination with the 

diagnosis of diabetic retinopathy (DR) (all severity degrees were allowed). This 

combination was obligatory, unless DN was biopsy proven, to exclude cases with 

proteinuria due to renal disease other than DN. Exclusion criteria were urinary tract 

infection or fever at the time of urine investigation, renal disease other than DN and 

history of kidney transplantation.  

T2DM patients without DN fulfilled the following criteria: Diabetes duration of at least 

15 years accompanied by a normo-albuminuria in at least two independent 

measurements (albumin excretion rate < 30 mg/d or < 20 mg/l or ACR < 30 mg/g). In 

keeping that approximately 80% of the diabetic patients in this group were on ACE 

inhibitors or AT1-blockers, normo-albuminuric patients were excluded if they showed 
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diabetic retinopathy at a stage higher than mild non proliferative retinopathy [18, 20, 

21]. Diabetes mellitus was defined by known history of diabetes or a fasting blood 

glucose ≥ 7.0 mmol/l (126 mg/dl), a casual plasma glucose level ≥ 11.1 mmol/l (200 

mg/dl) or a HbA1c ≥ 6.5%. 

Apart from 90 diabetic patients on hemodialysis from CIC-DN and BP-DN group 

(diabetic HD patients n=90), additional 85 uremic patients with other nephropathies 

caused ESRD (uremic HD patients n=85) were recruited to assess if the frequency of 

the protective genotype is changed with time on dialysis (n=175). Basically, patients 

were dialysed through an arteriovenous fistula on standard dialysis machines 

(Fresenius Medical Care 4008S, Germany) using a blood flow rate of 200-300 ml/min 

and a dialysate flow rate of 500 ml/min. Each patient was dialysed three times per 

week using polysulfone membranes (F8, Fresenius, Germany) to maintain a 

minimum Kt/V of 1.2. Genotyping was performed on EDTA blood.  All samples were 

stored at −20°C until use. The study protocol was approved by local ethics committee 

and all patients gave their informed consent prior to study (No. 0193/2001).  

 

 

 

 

 

 

 

 

 

 

Fig. 1 Flow diagram for the recruitment and group a llocation of patients. 
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Genotyping 

Genomic DNA of patients was isolated from whole blood by Genomic DNA isolation 

kit (Promega, Mannheim, Germany). All the procedures followed manufacture´s 

instruction. DNA was stored at -20°C until use.  

A 167 base pair fragment from exon of CNDP1, which included the (CTG)n 

polymorphism, was amplified by standard PCR methods using a fluorescence labeled 

forward primer (5´FAM-AGGCAGCTGTGTGAGGTAAC-3´) and an unlabeled reverse 

primer (5´-GGGTGAGGAGAACATGCC-3´) respectively. Genotyping was performed 

according to fragment analysis on an ABI 310 sequencing platform (ABI prism DNA 

analyzer 3100). 

 

Statistical analysis 

Study size was calculated based on power analysis for obtaining the significance 

between groups. We compared qualitative data using χ2 or two-sided Fishers exact 

test when appropriate. Significance was defined according to a p value less than 0.05. 

Statistical analyses were performed with GraphPad Prism 6.0 (GraphPad Software, 

Inc. La Jolla, California).  
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Results and discussion 

Demographic and clinical characteristics of the studied individuals with clinical based 

diagnosis are presented in Tab. 1. If diagnosis of DN was based on CIC alone the 

frequency of the homozygous (CTG)5 genotype was not significantly different 

between the groups no-DN and CIC-DN (Fig. 2A, 36% vs. 38%). The frequency of 

the protective genotype dropped to 17% when biopsy proven DN was considered 

only (36% vs. 17%; no-DN vs. BP-DN, p<0.05) (Fig. 2A). The frequency of the 

homozygous (CTG)5 genotype in BP-DN was also significantly lower as compared to 

BP-NDRD patients (Fig. 2A, 17% vs. 32%;  BP-DN vs. BP-NDRD, p<0.05).  

Significantly more male patients (65%) were recruited in the CIC-DN group (males: 

n=71, females: n=39) as compared to the group without DN (males: n=64, females: 

n=81). The uremic group consisted of 85 patients and showed a similar gender 

distribution with 64% males as compared to CIC-DN group (males: n=54, females: 

n=31). In the group of BP-DN 70% were males (males: n= 21, females: n=9) whereas 

in the group of BP-NDRD only 64% were male (males: n=14, females: n=8). Renal 

biopsy findings were diagnosed as lupus nephritis, IgA nephropathy or pauci immune 

glomerulonephritis (data not shown).   

To confirm previous findings of the sex-specific association between DN and the 

homozygous (CTG)5 genotype, patients were stratified according to gender. Although 

in female there was a trend that the frequency of the homozygous (CTG)5 genotype 

was lower in the CIC-DN as compared to the no-DN group (38% vs. 31%, no-DN vs. 

CIC-DN), only for the comparison with the BP-DN this was statistical significant (38% 

vs. 0%, no-DN vs. BP-DN, p<0.05). Although in males frequency of the homozygous 

(CTG)5 genotype was also lower in BP-DN compared to no-DN this difference did not 

reach statistical significance (34% vs. 26%, No-DN vs. BP-DN, p=ns). 
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Tab. 1: Demographic and clinic data of patients wit h clinical based diagnosis.  

 

  no-DN CIC-DN BP-DN CIC-NDRD BP-NDRD 
n 145 110 30 85 22 

Demographic Characteristics      

Male sex ― n (%) 64 (44) 71 (65) 21 (70) 54 (64) 14 (64) 

Age  ―  year 68.7 ±0.7 69.1 ±1.0 60 ±2.1 60.8 ±1.8 64.3 ±2.9 

Clinical characteristics    
 

 

Body mass index ― kg/m2 32.0 ±0.5 30.9  ±0.6 31.1 ±1.5 24.6 ±0.5 27.1 ±0.7 

Hypertension     
 

 

   Number of AHM  2.7 ±0.1 3.2  ±0.1 3.2 ±0.3 2.8 ±0.2 2.5 ±0.3 

Blood pressure ― mmHg    
 

 

     Systolic 131 ±1.6 137  ±2.1 139 ±4.0 131 ±2.0 142 ±4.3 

     Diastolic 74 ±0.9 69  ±1.3 74 ±2.1 69 ±1.5 75 ± 3.3 

Diabetes mellitus    
 

 

Time from diagnosis  ―  year 17.6 ±0.5 22.0  ±0.9 14.37 ±1.3 --- --- 

Glycemic control    
 

 

     HbA1c ―  % 7.4 ±0.1 7.6 ±0.1 8.04 ±0.4 5.5 ±0.1 5.7 ±0.3 

     HbA1c ― mmol/mol  57.0 ±1.1 59.4 ±1.2 39.5 ±13.5 36.8 ±1.1 64.4 ±21.5 

Kidney function    
 

 

     Creatinine― mg/dl 0.94 ±0.02 6.2  ±0.31 5.51 ±0.49 9.5 ±0.35 3.8 ±0.55 

     eGFR ― ml/min 76.5 ±1.4 16.5  ±1.9 15.6 ±2.4 6.4 ±0.3 24.8 ±4.4 

     Hemodialysis ― n (%) 0 (0) 83 (75) 18 (60) 85 (100) 8 (36) 

     HD duration  ―  months  0 56 ±5.1 19.97 ±5.9 82 ±9.2 3 ±1.7 

     Albuminuria  ―  mg/l    12.1 ±0.7 1634  ±295 2440 ±587 908 ±260 819 ±155 

Retinopathy (DR) ― n (%)    
 

 

     no DR 121 (84) 0 (0) 6 (20) --- --- 

     NPDR 24 (16) 71 (64) 11 (37) --- --- 

     Proliferative DR --- 18 (17) 4 (13) --- --- 

     Maculopathy --- 8 (7) 3 (10) --- --- 

     Lasertherapy --- 13 (12) 3 (10) --- --- 

Polyneuropathy ― n (%) 63 (43) 58 (53) 17 (57) --- --- 

History ― n (%)    
 

 

Coronary heart disease 48 (33) 75 (68) 11 (37) 24 (28) 6 (22) 

Cardiovascular Event   22 (15) 41 (37) 7 (23) 14 (16) 5 (23) 

Arterial occlusive disease   26 (18) 57 (52) 11(37) 17 (20) 3 (14) 

Stroke   19 (12) 29 (26) 6 (20) 8 (9) 2 (9)  

Statin 94 (65) 80 (73) 19 (63) 28 (33) 10 (45) 

Homozygous (CTG)5 ― n (%) 47 (36) 42 (38) 5 (17) 32 (40) 7 (32) 
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Fig. 2 CNDP1 (CTG)n genotype distribution in T2DM patients.  Genotype distribution is 

depicted as homozygous for the (CTG)5 allele (10 leucine) vs all other genotypes (> 10 

leucine).  A:  No significant difference in genotype distribution was observed between T2DM 

patients with or without DN when applying CIC. However the frequency of patients 

homozygous for the (CTG)5 allele significantly decreased when BP-DN was considered. B 

and C:  In both male (B) and female (C) T2DM patients, no significant difference in the 

frequency of homozygosity for the CNDP1 (CTG)5 allele was observed between T2DM with 

and without DN when applying CIC. However in BP-DN the frequency for homozygosity for 

the CNDP1 (CTG)5 allele was significantly decreased in female T2DM patients  

Abbreviations: Ns: not significant. 
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The CNDP1 genotype distribution was tested in 175 patients on HD, including 90 

patients with DN according to CIC and/or biopsy and 85 uremic patients. All patients 

were stratified on the basis of HD duration, i.e. time on dialysis: <18 months, between 

18 and 120 months and >120 months.  

The frequency of the protective (CTG)5 genotype was significantly increased in 

patients who were on HD for a relatively long time (more than 120 months, n=27) as 

compared to patients with a relative short history of hemodialysis (Fig. 3A, 48% vs. 

26%, p<0.001). Gender distribution was approximately equal in the former group 

(male: n=13, female; n=14) and similar as observed for the whole cohort, there was 

an increased frequency of the protective genotype in both male (Fig. 3B) and female 

(Fig. 3C) patients in this group. Of the 27 HD patients more than 120 months there 

were only 9 T2DM patients (male: n=5; female n=4). This small group size impedes 

drawing firm conclusions as to whether the frequency of the protective genotype is 

changed in T2DM with a long time on dialysis and if this occurs in a sex dependent 

manner. Nonetheless, 3 out of 4 females and 3 out 5 males were carrying the 

protective genotype. Even though the number of patients is very small, our data show 

that the majority of these patients are homozygous for the (CTG)5 allele which is not 

in keeping with the published data that this genotype imparts a cardiovascular 

mortality risk in female T2DM patients [19].  

Although a major limitation of our study is the small group size, particularly of BP-DN 

patients (n=30) and of patients with a long history of HD (all patients: n=27, T2DM 

only: n=9), our findings do support the notion that protection against DN afforded by 

the (CTG)5 allele is gender specific in T2DM patients. It also suggest that (CTG)5 

homozygous HD patients might have a survival benefit as compared to other 

genotypes. Yet it should be emphasized that this study used a cross-sectional design 
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and therefore confirmation of this assumption should ideally be prospectively 

followed-up in a longitudinal study.        
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 Fig. 3 The correlation between hemodialysis duratio n and CNDP1 genotype 

distribution.  The frequency of (CTG)5 homozygosity was significantly higher in patients who 

had HD for more than 120 months as compared to patients who had HD for less than 18 

months in the whole cohort (A). The protective frequency increased in both male (B) and 

female (C) when the HD duration increased. 
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