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ABSTRACT 

Background. Autosomal dominant polycystic kidney disease ( ADPKD ) has occasionally been associated with lower 
peripheral white blood cell ( WBC ) counts. This study aimed to investigate the peripheral blood cell counts in a large 
cohort of kidney transplant recipients before and after kidney transplantation and its potential impact on 

post-transplant outcomes. 
Methods. This was a retrospective study with long-term follow-up data of 2090 patients who underwent a first kidney 
transplantation in the Leuven University Hospitals, of whom 392 had ADPKD. 
Results. In total, 2090 patients who underwent a first kidney transplantation in the Leuven University Hospitals were 
included, of whom 392 had ADPKD. Both pre- and post-transplantation, ADPKD patients had significantly lower total 
WBC counts, and more specifically lower neutrophil, lymphocyte and eosinophil counts compared with the non-ADPKD 

patients. This observation was independent of potential confounders such as level of inflammation, smoking habit, 
vitamins and pre-transplant medication. Overall survival and kidney transplant survival were significantly better in 

ADPKD vs non-ADPKD transplant recipients and a longer time to first infection was observed. However, no association 

between blood cell counts and outcome differences was found. 
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Conclusions. In conclusion, this large single-center study reports a strong and independent association between ADPKD 

and lower peripheral WBC counts both before and after kidney transplantation. Considering the role of inflammation in 

disease progression, further investigation into the role of WBC in ADPKD is needed. 

LAY SUMMARY 

Previous research already described lower white blood cell counts in patients with autosomal dominant polycystic 
kidney disease ( ADPKD ) . With this study, we wanted to investigate levels of white blood cells before and after kidney 
transplantation in patients with ADPKD compared with patients without ADPKD. We observed lower white blood cell 
counts both before and after kidney transplantation in the group of patients with ADPKD. Furthermore, patients with 

ADPKD have in general favorable outcomes post-transplantation. Our findings support further studies on the role of 
white blood cells in ADPKD. 

GRAPHICAL ABSTRACT 

Keywords: ADPKD, inflammation, kidney transplantation, lymphopenia, white blood cells 
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NTRODUCTION 

utosomal dominant polycystic kidney disease ( ADPKD ) is the 
ost common monogenic inherited kidney disease with an es- 

imated prevalence of 1:400 to 1:1000, affecting 12.5 million peo-
le worldwide [ 1 , 2 ]. Mutations in PKD1 and PKD2 account for
pproximately 78% and 15% of affected individuals, respectively 
 1 , 2 ]. PKD1 and PKD2 respectively encode the proteins
olycystin-1 ( PC-1 ) and polycystin-2 ( PC-2 ) [ 1 , 2 ]. The remaining
7% of cases are genetically unresolved or are due to mutations
 c  
n other recently identified genes, such as GANAB , DNAJB11 and
LG9 , involved in the maturation and trafficking of PC-1 [ 1 –4 ].
t is a systemic disorder primarily characterized by the devel-
pment of renal cysts, but extra-renal manifestations also oc-
ur, including hepatic/pancreatic cysts, intra-cranial aneurysms,
olon diverticulosis and cardiac valve lesions [ 1 –4 ]. 

In the pathophysiology of ADPKD an important role has been
ttributed to the immune system [ 3 , 4 ]. Generally, renal cyst
rowth is thought to involve two phases: first the initiation of
yst formation due to the unscheduled proliferation of tubular
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pithelial cells driven by the molecular PC defects [ 3 –5 ]. Sec- 
nd, the microscopic injury to the renal environment is thought 
o provoke an injury response, which might contribute to cyst 
rowth [ 3 –5 ]. Recent studies showed that the tubular epithe- 
ial cells can also directly express cytokines, chemokines and 
omplement encoding genes [ 3 ]. The expression of these key 
mmunological regulators could as such trigger infiltration of 
mmune cells even before the onset of severe cyst formation 
 3 ]. Thus, the interaction between tubular epithelial cells and 
he immune system seems to be important in defining the cys- 
ic phenotype of ADPKD [ 3 ]. On the other hand, some studies 
ave shown that ADPKD patients with chronic kidney disease 
 CKD ) and end-stage kidney disease ( ESKD ) have lower lympho- 
yte, monocyte, eosinophil, neutrophil and thrombocyte counts 
ompared with patients with ESKD due to other causes [ 5 , 6 ].
an Laecke et al . reported that lymphopenia was twice as com- 
on in patients with ADPKD, and the lymphocyte counts corre- 

ated inversely with CKD stage [ 6 ]. Importantly, polycystins are 
xpressed in B and T lymphocytes and a relation between the 
olecular PC defects and lymphocyte functioning in vitro has 
een demonstrated [ 7 , 8 ]. Finally, sparse and conflicting data 
ave suggested a tendency to greater vulnerability for cancer 
nd infections in ADPKD renal transplant recipients, which may 
e associated with the above observations [ 9 –14 ]. 

The aim of the present study was to investigate the asso- 
iation between ADPKD and lower peripheral white blood cell 
ounts ( WBC ) in a well-defined and large cohort of ADPKD pa- 
ients, immediately before and during the first year after kidney 
ransplantation ( KT ) , and to assess whether this has an impact 
n post-transplant outcomes. 

ATERIALS AND METHODS 

ata collection and definitions 

his is a retrospective cohort study of all patients who 
eceived a first kidney or combined transplantation at University 
ospitals Leuven between 1 January 2000 and 1 September 2019.
enal diagnosis was classified according the ERA classification.
he diagnosis of ADPKD is based on the Ravine’s clinical crite- 
ia and/or genetic diagnosis including pathogenic variants in the 
KD1 , PKD2 , GANAB , DNAB11 or ALG9 genes. At baseline, which 
as set at 1 day before transplantation, we collected anthropo- 
etric data, demographic data, comorbidity, modality of dial- 
sis, unilateral or bilateral nephrectomy pre-transplant, medi- 
ation, renal diagnosis and biochemical analysis. Lymphopenia 
as defined as an absolute lymphocyte count of < 1.2 × 10 9 /L.
eutropenia was defined as an absolute neutrophil count 
 1.5 × 10 9 /L. Thrombocytopenia was defined as a thrombocyte 
ount < 150.0 × 10 9 /L. Anemia was defined as a hemoglobin level 
 14.0 g/dL in males and < 12.0 g/dL in females. In addition to the
aseline evaluation, all peripheral blood cell counts measured 
n the first year post-transplant were included. Outcome data 
ncluded: date of first infection, date of first malignancy, time 
f death, time of transplant failure, date of first transplant re- 
ection and treatment of rejection. Rejection was defined as all 
istopathological subtypes of rejection considered clinically rel- 
vant and for which anti-rejection treatment was installed. 

tatistical analysis 

e reported means and standard deviation for continuous vari- 
bles, and frequencies and percentages for discrete variables,
or ADPKD and non-ADPKD patients separately ( Table 1 , Supple- 
entary data, Table S1 ) . Means were compared with unpaired 
 -tests, while we compared percentages with the χ2 test. Uni- 
ariable and multivariable linear regression analysis were per- 
ormed to assess associations between ADPKD and cell counts.
e preselected a set of clinical and biochemical variables that 
ould influence blood cell counts. Univariable linear mixed mod- 
ls were used to detect differences in evolution over time in pe- 
ipheral blood cells counts between ADPKD and non-ADPKD pa- 
ients. Concerning the random effect, only random intercepts 
ere included in the model. The time to first infection, time to 
rst rejection, time to first malignancy and time to graft failure 
r recipient death were analyzed by the Kaplan–Meier method,
ncluding Log-Rank testing for group differences, and by uni- 
ariable Cox proportional hazards analyses. All survival analy- 
es started from the day of transplantation. For overall survival,
atients were censored at the time of transplant failure or at 
he last clinical follow-up visit. For the analysis of transplant 
ailure, patients were censored at death with functioning graft 
r at last follow-up. Time to first infection, rejection or malig- 
ancy, was censored at time of death with functioning graft, at 
ransplant failure or at the end of follow-up. For the multivari- 
ble analysis, variables with P < .15 in univariable analyses were 
ncluded in the final multivariable Cox model. The selected vari- 
bles are summarized in Supplementary data, Table S2. An in- 
eraction term was used to evaluate the potential interaction be- 
ween the presence of lymphopenia pre-transplant and ADPKD 

s non-ADPKD on the different transplant outcomes. We used 
AS version 9.4 ( SAS Institute, Inc., Cary, NC, USA ) for the anal- 
ses, always performed two-sided hypothesis tests and consid- 
red P values < .05 as significant. 

thical statement 

he study was approved by the local ethical board ( Ethical 
omity Research KU/UZ Leuven, s64953 ) and in accordance with 
he Declaration of Helsinki. Written informed consent was ob- 
ained from all subjects or their legal guardian ( s ) . 

ESULTS 

opulation characteristics 

e included 2090 patients with a first KT between January 2000 
nd September 2019, including 212 ( 10.14% ) patients with a com- 
ined organ transplantation ( Supplementary data, Fig. S1 and 
2 ) . The original kidney disease diagnosis was classified ac- 
ording to the ERA classification ( Supplementary data, Fig. S3 ) .
he group of patients with familial/hereditary nephropathies 
 n = 435 ) consisted largely of ADPKD patients with only a small
ubgroup of non-ADPKD hereditary kidney diseases ( n = 43, Sup- 
lementary data, Fig. S3 ) . ADPKD was the original kidney dis- 
ase in 392 patients ( Table 1 ) . As compared with the non-ADPKD 

ohort, the ADPKD cohort contained significantly more females 
 P < .001 ) and was significantly older ( P < .001 ) ( Table 1 ) . All pa-
ients were adults ( > 18 years ) , except for five adolescent with
ge range from 15.74 to 17.74 years, none whom belonged to 
he ADPKD group ( subgroup analysis in Supplementary data,
able S3 ) . In terms of comorbidity, a higher prevalence of a 
re-transplantation history of hypertension ( P < .001 ) and a 
ower prevalence of diabetes ( P < .001 ) was observed in the 
DPKD patient cohort ( Table 1 ) . No overall differences in pre- 
ransplantation history of malignancy, cardiovascular disease 
r body mass index were observed ( Table 1 ) . The distribution 
f dialysis modalities was not different between the two groups 
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Table 1: Baseline demographics immediately before KT, comparing ADPKD and non-ADPKD patients. 

ADPKD 

( n = 392 ) 
Non-ADPKD 

( n = 1698 ) P -value 

Demographics 
Male, n ( % ) 195 ( 49.7 ) 1079 ( 63.6 ) < .001 
Age at KT ( years ) , mean ( SD ) , 
median ( min–max ) 

56.5 ( 8.6 ) , 
56.50 ( 34.43–82.64 ) 

53.4 ( 13.8 ) , 
55.73 ( 15.74–81.55 ) 

< .001 

Weight ( kg ) , mean ( SD ) , 
median ( min–max ) 

75.0 ( 14.5 ) , 
73.25 ( 43.10–123.60 ) 

73.0 ( 15.1 ) , 
72.00 ( 31.90–133.00 ) 

.35 

Height ( cm ) , mean ( SD ) , 
median ( min–max ) 

171.9 ( 10.4 ) , 
171.00 

( 149.00–203.00 ) 

168.8 ( 9.7 ) , 
170.00 

( 126.00–194.00 ) 

< .001 

BMI ( kg/m 

2 ) , mean ( SD ) , 
median ( min–max ) 

25.1 ( 4.0 ) , 
24.57 ( 16.94–40.69 ) 

24.9 ( 4.4 ) , 
24.39 ( 11.58–40.86 ) 

.07 

Active smoker, n ( % ) 102 ( 6.1 ) .68 
Comorbidity , n ( % ) 

Diabetes 22 ( 5.6 ) 410 ( 24.2 ) < .001 
Hypertension 229 ( 58.4 ) 811 ( 47.8 ) < .001 
Cancer 65 ( 16.5 ) 304 ( 17.9 ) .62 
Cardiovascular disease 93 ( 23.7 ) 448 ( 26.4 ) .66 

Dialysis 
No dialysis, n ( % ) 26 ( 6.6 ) 80 ( 4.7 ) .17 
Home hemodialysis, n ( % ) 3 ( 0.8 ) 9 ( 0.6 ) .58 
Peritoneal dialysis, n ( % ) 80 ( 20.5 ) 350 ( 20.6 ) .81 
In-center hemodialysis, n ( % ) 283 ( 72.1 ) 1259 ( 74.2 ) .18 
Time in dialysis before KT ( days ) , mean ( SD ) 925.8 ( 692.3 ) 1184.9 ( 1099.8 ) < .001 

Biochemistry 
CRP ( mg/L ) , mean ( SD ) , 
median ( min–max ) 

8.1 ( 15.2 ) , 
3.10 ( 0.3–184.4 ) 

7.8 ( 13.9 ) , 
3.50 ( 0.3–250.4 ) 

.02 

Ferritin ( μg/L ) , mean ( SD ) , 
median ( min–max ) 

240.7 ( 252.6 ) , 
163.0 ( 2.0–1386.0 ) 

258.2 ( 472.4 ) , 
140.5 ( 2.0–12351.0 ) 

< .001 

Vitamin B12 ( ng/L ) , mean ( SD ) , 
median ( min–max ) 

688.1 ( 458.5 ) , 
530.0 ( 139.0–2000.0 ) 

750.5 ( 449.1 ) , 
619.0 ( 75.0–2000.0 ) 

.62 

Folic acid ( μg/L ) , mean ( SD ) , 
median ( min–max ) 

10.9 ( 5.9 ) , 
9.0 ( 3.0–20.0 ) 

10.5 ( 5.8 ) , 
9.0 ( 1.40–20.0 ) 

.76 

Transplantation related 
Combined transplantation, n ( % ) 46 ( 11.7 ) 166 ( 9.8 ) .25 
Nephrectomy pre-transplant, n ( % ) 102 ( 26.0 ) 165 ( 9.7 ) < .001 
Number of HLA mismatches, median ( LQR–UQR ) , n ( % ) 3 ( 2–4 ) 3 ( 2–4 ) .09 

0 HLA mismatch 9 ( 2.3 ) 42 ( 2.8 ) .84 
1 HLA mismatch 39 ( 10.0 ) 99 ( 5.8 ) .003 
2 HLA mismatches 69 ( 17.6 ) 285 ( 16.8 ) .70 
3 HLA mismatches 107 ( 27.0 ) 463 ( 27.3 ) .93 
4 HLA mismatches 72 ( 18.4 ) 391 ( 23.0 ) .05 
5 HLA mismatches 25 ( 14.8 ) 243 ( 14.3 ) .74 
6 HLA mismatches 39 ( 10.0 ) 178 ( 10.5 ) .75 

BMI, body mass index; CRP, C-reactive protein; HLA, human leukocyte antigen; LQR–UQR, lower quartile range—upper quartile range; SD, standard deviation. 

(  

s  

t
a  

(

A
a

I
A  

t  

e  

N
c  

c  

(  

t  

l  

t  

(

A

M  

i  

c  

p  

m  

t  
 Table 1 ) . However, time on dialysis before KT was significantly
horter in the ADPKD patient cohort ( P < .001 ) ( Table 1 ) . In
erms of pre-transplant medication, a significantly lower us- 
ge of erythropoietin-stimulating agents ( P = .003 ) and insulin
 P < .001 ) was observed in ADPKD patients. 

DPKD patients had significant lower WBC counts 
nd thrombocytes prior to KT 

mmediately before KT, lower values were observed in the 
DPKD patient cohort for total WBC ( P < .001 ) , absolute neu-
rophil ( P < .001 ) , absolute lymphocyte ( P < .001 ) , absolute
osinophil ( P = .006 ) and thrombocyte ( P = .001 ) counts ( Table 2 ) .
o significant differences were observed for red blood cell 
ounts ( P = .53 ) , hemoglobin ( P = .83 ) and absolute basophil
ounts ( P = .12 ) ( Table 2 ) . A higher prevalence of lymphopenia
 P = .008 ) and thrombocytopenia ( P = .02 ) in the ADPKD pa-
ient cohort was observed ( Table 2 ) . In contrast, a lower preva-
ence of anemia ( P < .001 ) pre-transplant was detected, using
he sex specific cutoff values for hemoglobin levels in non-CKD
 Table 2 ) . 

DPKD was independently associated with lower WBC 

ultivariable linear regression analysis was used to detect
ndependent associations of ADPKD with the different blood
ell counts. After correction for age, sex, combined trans-
lantation, kidney diagnosis, gender, smoking, level of inflam-
ation, serum folic acid, serum vitamin B12, serum ferritin,

ime and type of dialysis pre-transplant, ADPKD remained
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Table 2: Peripheral blood cell counts obtained prior to kidney transplantation and the prevalence of cytopenias, comparison between ADPKD 

and non-ADPKD patients. 

ADPKD ( n = 392 ) Non-ADPKD ( n = 1698 ) P -value 

Absolute blood cell counts 
Total WBC counts ( ×10 9 /L ) , mean ( SD ) 6.38 ( 1.94 ) 7.15 ( 2.52 ) < .001 
Neutrophil ( ×10 9 /L ) 4.12 ( 1.46 ) 4.53 ( 1.82 ) < .001 
Lymphocyte ( ×10 9 /L ) 1.48 ( 1.50 ) 1.62 ( 0.66 ) < .001 
Eosinophil ( ×10 9 /L ) 0.23 ( 0.21 ) 0.26 ( 0.24 ) .006 
Basophil ( ×10 9 /L ) 0.02 ( 0.04 ) 0.03 ( 0.04 ) .12 
Monocyte ( ×10 9 /L ) 0.50 ( 0.20 ) 0.59 ( 0.58 ) < .001 

Red blood cell count ( ×10 12 /L ) , mean ( SD ) 4.12 ( 0.59 ) 3.91 ( 3.89 ) .53 
Hemoglobin ( g/dL ) 12.69 ( 1.68 ) 12.19 ( 1.67 ) .83 
MCV ( fL ) 94.97 ( 6.10 ) 95.89 ( 6.55 ) .08 
MCH ( pg ) 30.87 ( 2.14 ) 31.27 ( 31.16 ) .27 
MCHC ( g/dL ) 32.51 ( 31.41 ) 32.62 ( 32.56 ) .002 
RDW ( % ) 14.47 ( 1.41 ) 14.73 ( 14.68 ) < .001 
Erythroblasts ( /L ) 0.0009 ( 0.006 ) 0.005 ( 0.0015 ) < .001 
Erythroblasts ( /100 WBC ) 0.02 ( 0.12 ) 0.06 ( 0.82 ) < .001 
Hematocrit ( % ) 0.39 ( 0.05 ) 0.37 ( 0.05 ) .54 
Reticulocytes ( ×10 9 /L ) 47.38 ( 25.44 ) 53.28 ( 25.74 ) .83 

Thrombocyte count ( ×10 9 /L ) , mean ( SD ) 208.00 ( 66.48 ) 225.10 ( 221.4 ) .001 
Cytopenias ( according to standardized cutoffs ) 
Leukopenia, n ( % ) 25 ( 6.4 ) 84 ( 5.0 ) .25 
Lymphopenia, n ( % ) 125 ( 32.0 ) 429 ( 25.3 ) .008 
Neutropenia, n ( % ) 31 ( 0.8 ) 31 ( 1.8 ) .16 
Thrombocytopenia, n ( % ) 70 ( 17.9 ) 222 ( 13.1 ) .02 
Anemia, n ( % ) 208 ( 53.1 ) 1211.0 ( 71.3 ) < .001 
Neutrophil/lymphocyte ratio, mean ( SD ) 3.2 ( 1.6 ) 3.3 ( 2.8 ) < .001 

MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; 
SD, standard deviation. 
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ignificantly associated with total WBC ( estimate, P -value: –0.69,
 < .001 ) , absolute neutrophil ( –0.35, P = .02 ) , absolute lympho- 
yte ( –0.23, P < .001 ) , absolute monocyte ( –0.082, P < .001 ) and 
hrombocyte ( –13.62, P = .03 ) counts prior to KT ( Supplementary 
ata, Table S4 ) . 

BC counts remained significantly lower in the first 
ear after KT in ADPKD patients 

ased on all available peripheral blood cell counts ( 119 926 
easurements ) between baseline ( Day 0, prior to KT ) and 
 year post-transplantation, WBC ( P < .001 ) , absolute neutrophil 
 P < .001 ) , absolute lymphocyte ( P = .001 ) , absolute eosinophil 
 P < .001 ) and thrombocyte ( P = .01 ) counts were significantly 
ower in the ADPKD cohort compared with non-ADPKD pa- 
ients ( Fig. 1 a–e ) . In contrast, red blood cell counts were signifi- 
antly higher at baseline in ADPKD patients compared with non- 
DPKD patients and the divergence increased in the first year 
fter KT ( Fig. 1 f ) . 

DPKD was associated with favorable post-transplant 
utcomes—this association was not influenced by 
ifferences in blood cell counts 

uring the post-transplant follow-up [median 6.51 years 
 interquartile range 3.01–10.69 years ) ], significant differences in 
verall survival in favor of ADPKD transplant recipients were 
een ( Log-Rank P < .001 ) ( Fig. 2 a ) with the Kaplan–Meier anal- 
sis. In univariable and multivariable Cox proportional regres- 
ion analysis, ADPKD was significantly associated with overall 
urvival [hazard ratio ( HR ) 0.583, ( 95% confidence interval 0.43; 
.78 ) , P < .001] ( Supplementary data, Table S5 ) . Both absolute 
re-transplant lymphocyte [HR 0.83 ( 0.70; 0.99 ) , P = .04] and 
re-transplant monocyte [HR 1.61 ( 1.06; 2.45 ) , P = .03] counts 
ere, independent of ADPKD, associated with overall survival 

 Supplementary data, Table S5 ) . ADPKD was also associated 
ith a better death-censored graft survival compared with non- 
DPKD ( Log-Rank P < .001 ) [adjusted HR 0.56 ( 0.38; 0.82 ) , P = .004]
 Fig. 2 b, Supplementary data, Table S5 ) , whereas pre-transplant 
BC counts were not. Furthermore, ADPKD associated with a 

ignificantly later onset of the first post-transplant infection 
 Log-Rank P = .03 ) ( Fig. 2 c ) . In the multivariable analysis, both
DPKD [HR 0.82 ( 0.70; 0.96 ) , P = .02] and pre-transplant monocyte 
ounts [HR 1.36 ( 1.05; 1.76 ) , P = .02] remained significantly asso-
iated with time to first infection ( Supplementary data, Table S5 ) .
o significant differences between ADPKD and non-ADPKD pa- 
ients were observed for time to first post-transplant malignancy 
Log-Rank P = .22; HR 0.94 ( 0.74; 1.91 ) , P = 0.61] ( Fig. 2 d, Sup-
lementary data, Table S5 ) . The time to develop a first trans- 
lant rejection was significantly longer in the ADPKD cohort 
 Log-Rank P = .009 ) ( Fig. 2 e ) . However, ADPKD was not signifi-
antly associated with rejection in the multivariable Cox model 
 Supplementary data, Table S5 ) . Overall, we concluded that 
DPKD associated with favorable transplant outcomes indepen- 
ent of pre-transplant blood cell counts. No significant interac- 
ion between ADPKD and the different pre-transplant blood cell 
ounts was observed for overall survival, death-censored graft 
urvival, time to first infection, malignancy or rejection. Findings 
ere essentially the same when patients with a combined trans- 
lantation were excluded from the analyses ( Supplementary 
ata, Figs S4 and S5, and Tables S6–S8 ) . 
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Figure 1: The evolution of the different blood cell counts over time for all patients ( N = 2090, 392 ADPKD and 1698 non-ADPKD patients ) . Time zero is the day of 

transplantation. Each dot represents one measurement ( 119 926 measurements ) . The blood cell counts of ADPKD patients are indicated in red, the cell counts for 
non-ADPKD patients in blue. The regression line from the linear mixed model is added for ADPKD and non-ADPKD patients separately. ( a ) The total WBC counts 
are significantly different over time between ADPKD and non-ADPKD patients ( P < .001 ) . Furthermore, the interaction between time and ADPKD is also significantly 
different ( P = .001 ) . ( b ) The absolute neutrophil counts are significantly different over time between ADPKD and non-ADPKD patients ( P < .001 ) , the slope is also 

significantly different ( P < .001 ) . ( c ) The absolute lymphocyte counts are significantly different between ADPKD and non-ADPKD ( P = .001 ) , the slope is also significantly 
different ( P < .001 ) . ( d ) Absolute eosinophil counts are significantly different over time ( P < .001 ) with a significant interaction between time and ADPKD ( P = .002 ) . 
( e ) Thrombocyte counts are significantly lower over time in the ADPKD group ( P = .01 ) with significantly different slopes ( P = .02 ) . ( f ) Red blood cell counts are significantly 
higher in the ADPKD cohort with a significantly ( P < .001 ) steeper increase over time ( P < .001 ) . 
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ISCUSSION 

his single-center study of a large and well characterized co-
ort of 2090 patients who underwent their first KT demonstrated
hat pre-transplant blood counts of total WBC, neutrophils, lym- 
hocytes, monocytes and thrombocytes were significantly lower 
n ADPKD patients as compared with their non-ADPKD coun- 
erparts. This association was independent of potential con- 
ounders as age, sex, smoking, time and type of dialysis pre-
ransplant, level of inflammation and vitamins. Furthermore,
he association between ADPKD and lower WBCs and thrombo- 
ytes persisted after kidney transplantation. 

There have been few reports on the phenomenon of altered
lood cell counts in ADPKD, the existing evidence seems most
onvincing for cytopenias in the lymphocytic lineages [ 5 , 6 ].
n 2002, Banerjee et al . [ 5 ] reported an increased prevalence of
eukopenia and abnormalities of the differential WBC count in 
 group of patients ( n = 360; 26 ADPKD vs 334 CKD5 of other
tiologies ) with ADPKD on hemodialysis [ 5 ]. Van Laecke et al .
 6 ]. reported significantly lower lymphocyte, neutrophils, mono- 
yte and thrombocyte counts in patients with CKD5 due to
DPKD ( n = 126 ) vs non-ADPKD ( n = 574 ) adjusting for potential
onfounders such as age, gender, estimated glomerular filtra-
ion rate and C-reactive protein [ 6 ]. Lymphopenia was 1.6 times
ore common in patients with ADPKD [ 6 ]. In a second cohort,

hey compared peripheral blood cell counts from 204 stable out-
atients with ADPKD-related CKD with 204 age- and gender-
atched controls across the same severity of CKD, with other
idney diagnoses [ 6 ]. Similar to the CKD 5 cohort, they found sig-
ificantly lower lymphocyte, monocyte and thrombocyte counts 
n ADPKD patients, however without difference in neutrophil
ount [ 6 ]. Lymphopenia was twice as common in patients with
DPKD and the lymphocyte number correlated with CKD stage
 lower numbers at more severe stage of CKD for all patients )
 6 ]. After stratification for CKD category, lymphocyte counts re-
ained significantly lower in the ADPKD group [ 6 ]. 
The pathophysiological mechanism behind the association 

f ADPKD and low blood cell counts is not fully elucidated
 4 –6 ]. One of the hypothetical mechanisms described earlier to
xplain this association is the sequestration of blood cells in
ystic organs [ 4 , 5 , 15 –17 ]. However, while this factor cannot be
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Figure 2: Kaplan–Meier curves for overall survival ( a ) , transplant survival cencored for death ( b ) , time to first infection ( c ) , time to first malignancy ( d ) and time to first 
rejection ( e ) , between ADPKD ( red ) versus non-ADPKD ( blue ) . 
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xcluded based on our data, it is of note that ADPKD remained 
ignificantly associated with the above-mentioned blood cell 
ounts after correction for nephrectomy pre-transplant. The 
equestration of blood cells in other affected and cystic or- 
ans could not be excluded. Secondly, differences in inflamma- 
ion levels could contribute to the observed differences in cell 
ounts [ 4 –6 ]. Disease progression in ADPKD is believed to be 
ighly influenced by immune cells, cytokines and chemokines 
 3 ]. Kidney cysts are surrounded by a variety of immunological 
ells with both renoprotective as well as disease-promoting ef- 
ects [ 3 , 4 ]. The associated chronic inflammation could influence 
ematopoiesis through its effect on cytokines, chemokines and 
ron metabolism [ 4 , 18 ]. As such, the differences in peripheral 
lood cell counts in ADPKD could be secondary to the chronic in- 
ammation in the cystic organs [ 4 , 18 ]. However, the association 
etween lower WBC counts prior to KT and ADPKD remained 
ignificant after correction for serum C-reactive protein levels 
re-transplant. As mentioned before, the observed differences 
n blood cell counts pre-transplant persisted during the entire 
rst year after renal transplantation. This supports the hypoth- 
sis that ADPKD is intrinsically associated with lower peripheral 
BC counts. Indeed, cytopenia could also be an unrecognized 

xtra-renal manifestation of ADPKD, directly linked to its genetic 
asis [ 4 –6 ]. Of note, polycystin expression has been described in 
 lymphoblastoid cells and T lymphocytes and might interfere 
ith lymphocyte function in vitro [ 7 , 8 ]. Unfortunately, only 11% 

 n = 45 ) of the ADPKD patients in our retrospective cohort the 
enotype was known. This precludes any relevant conclusion on 
 correlation between the genetic background and the presence 
f cytopenia in this cohort of patients. Abnormalities in WBC 

ounts could also be a broader ciliopathy-related feature [ 4 ]. But 
gain, our study does not allow sufficiently powered conclu- 
ions on a comparison of ADPKD or other ciliopathies, given the 
mall number ( n = 43 ) of non-ADPKD inherited nephropathies 
 Supplementary data, Tables S9 and S10 ) . The lower prevalence 
f anemia in ADPKD patients as compared with patients with 
ther etiologies of renal insufficiency has been repeatedly re- 
orted and is confirmed by this large monocentric study [ 19 , 20 ].
enerally, the lower prevalence of anemia in ADPKD patients is 
hought to be secondary to elevated levels of endogenous ery- 
hropoietin [ 19 , 20 ]. A local ischemic trigger, due to compres-
ion of renal parenchyma by cysts, has been postulated as main 
ausal mechanism here [ 19 , 20 ]. 

In terms of transplant outcomes, we observed a better over- 
ll survival and transplant survival in ADPKD patients as com- 
ared with non-ADPKD patients. ADPKD patients are generally 
onsidered as excellent candidates for KT, mainly due to fewer 
omorbidities, which may of course explain outcome differences 
 9 –14 ]. However, even after adjusting for pretransplant comor- 
idities survival was better in ADPKD patients. Furthermore, a 
ater onset of the first infection after transplantation in ADPKD 

s non-ADPKD patients was observed. Combining the favorable 
utcomes of ADPKD and its association with lower blood cell 
ounts, it is tempting to speculate that ADPKD influences out- 
ome through a disease-related effect on blood cells. Divergent 
ffects in the different subsets of lymphocytes, could provide 
n explanation for the observed findings. However, after cor- 
ection for confounders, including correction for the different 
BC counts, ADPKD remained significantly associated with a 
etter overall survival, transplant survival and a longer time un- 
il the first infectious episode. Furthermore, it was not possible 
o prove a significant interaction between ADPKD and periph- 
ral blood cell counts in the multivariate Cox proportional haz- 
rds model for the different outcome parameters. As such, based 
n our data, the association of ADPKD with favorable outcomes 
ost-transplant cannot be explained by differences in blood cell 
ounts. Furthermore, while the association of ADPKD with lower 
BC counts was clearly significant and persistent over time, the 

bsolute WBC count differences were rather subtle. The differ- 
nces in WBC counts “disappear,” except for lymphopenia, when 
pplying the standardized cutoffs ( Table 2 ) , which may explain 
hy the impact of the putative ADPKD-associated leukopenia 
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n post-transplant outcomes is limited. From this, the question 
hether the findings of lower WBC counts have clinical signifi-
ance is still unanswered [ 21 , 22 ]. 

The retrospective nature of our study precludes any conclu- 
ion on causality. It is a single-center study with a Caucasian
opulation, which limits options for extrapolation to other pop- 
lations. Furthermore, differences in immunosuppressive regi- 
ens and post-transplant infections ( like cytomegalovirus ) are 

mportant contributors to cytopenias post-transplant and may 
ave impacted on post-transplantation outcomes [ 22 ]. However,
hese variables have no impact on pre-transplantation blood cell 
ounts, which are the main focus of the present work. 

However, considering the indispensable role of inflammation 
n progression of ADPKD, the findings merit further exploration 
nd inspire both in vitro expression and functional studies, as
ell as prospective clinical cohorts, to further elucidate the role
f WBC in ADPKD. 

ONCLUSION 

his large single-center study describes a strong association be- 
ween ADPKD and lower peripheral WBCs immediately before 
nd during the first year after KT. Even after correction for both
linical and biochemical factors that are known to influence 
lood cell counts, ADPKD remained significantly associated with 
ower WBC counts. Furthermore, ADPKD was also associated 
ith differences in post-transplant outcomes. 

UPPLEMENTARY DATA 

upplementary data are available at ckj online. 
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