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SIGNIFICANCE
Prurigo nodularis is an under-recognized skin condition 
with profound impact on the patient’s quality of life. Ch-
ronic kidney disease has been linked with prurigo nodu-
laris, yet little is known of the impact of chronic kidney 
disease severity, including individuals who are not under-
going dialysis, on the risk of prurigo nodularis. This nation-
wide cohort study is the first to suggest that chronic kidney 
disease severity, determined by reduced estimated glome-
rular filtration rates, proteinuria, and a combination of both 
may contribute to development of prurigo nodularis. Esti-
mated glomerular filtration rate-associated risk of prurigo 
nodularis was further increased in the presence of fasting 
blood sugar ≥ 126 mg/dl and smoking.

While dialysis is linked with prurigo nodularis, little is 
known about the impact of non-dialysis chronic kidney 
disease on prurigo nodularis. The influence of chronic 
kidney disease on development of prurigo nodularis 
was measured using the Korean National Health In-
surance and National Health Screening Program data, 
identifying 17,295,576 individuals without prior pru-
rigo nodularis. Chronic kidney disease severity was de-
termined by the estimated glomerular filtration rate (in 
ml/min/1.73 m2) calculated from serum creatinine, and 
proteinuria detected with urine dipstick. Prurigo nodu-
laris incidence during follow-up was determined. Over 
a median follow-up period of 9.72 years, 58,599 indi-
viduals developed prurigo nodularis, with an incidence 
rate of 3.59 per 10,000 person-years. Among different 
variables, estimated glomerular filtration rate was the 
strongest risk factor for prurigo nodularis. Compared 
with estimated glomerular filtration rate ≥ 90, estimat­
ed glomerular filtration rate 15–29 (hazard ratio 1.31, 
95% confidence interval 1.05–1.62) and end-stage re-
nal disease (hazard ratio 1.46, 95% confidence interval 
1.25–1.69) were associated with higher risks. The pre-
sence of proteinuria independently increased the risk 
of prurigo nodularis, increased risks associated with 
estimated glomerular filtration rate 15–29 and end-
stage renal disease, and caused risk associated with 
estimated glomerular filtration rate 30–59 to become 
significant. With differential impact of chronic kidney 
disease severity on the risk of prurigo nodularis, pre-
servation of renal function would potentially translate 
into lower risk of prurigo nodularis. 

Key words: chronic kidney disease; severity; prurigo nodularis; 
risk; population-based; cohort study.
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Prurigo nodularis (PN) is a chronic neurodermatitis 
characterized by intensely itchy nodules on the ex-

tensor surface of the limbs and trunk (1, 2). The annual 
incidence of PN, a distinct dermatological entity with a 
separate International Classification of Diseases, Tenth 
Revision (ICD-10) code (3), in Germany is reportedly 
0.02% (4).  PN is accompanied by persistent itching and 

is thought to develop from repetitive scratching (5) in 
patients with chronic pruritus from various causes (6). 
Epidemiological studies have determined PN to coexist 
with chronic liver disease, HIV, and type 2 diabetes 
mellitus (DM), among other diseases (1, 4, 7, 8), but 
the aetiological significance of the relationship is not 
known.  An increased prevalence of PN has been ob-
served in patients undergoing dialysis (9, 10). However, 
little is known of the impact of the degree of kidney 
dysfunction on PN, including non-dialysis CKD, in the 
general population. 

This study investigated the influence of estimated 
glomerular filtration rate (eGFR) and proteinuria, both 
of which are determinants of CKD (11), on PN, by uti-
lizing Korean National Health Insurance (KNHI) and 
National Health Screening Program (NHSP) data. Other 
risk factors that may affect PN, such as age, sex, fasting 
blood glucose, and smoking, were taken into account.

MATERIALS AND METHODS

Study design and data sources

A nationwide retrospective cohort study was conducted linking 
NHSP data to the NHI claims database. The Korean NHI system 
covers > 97% of the South Korean population (≥ 50 million) and 
includes all inpatient and outpatient claims data, which consists 
of demographic information, such as age and sex, visitation dates, 
diagnostic codes based on ICD-10 with the date of diagnosis, 
details of prescriptions, medical procedures and surgeries, and 
expenditure amounts (12). 

The NHI provides free biennial standardized health check-ups 
(NHSPs) to all Koreans over 20 years of age. Each check-up 
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includes a medical interview, postural examination, body measure
ments, such as height, weight, and waist circumference, chest 
X-ray, systolic and diastolic blood pressure (BP), regular blood 
and urine tests, and a questionnaire on lifestyle or medical history, 
including smoking and alcohol consumption. Overnight fasting is 
required for blood sampling, which measures creatinine, glucose, 
liver enzymes, and lipid profiles, and for urinalysis. 

This study has been approved by the institutional review board 
of Incheon St Mary’s Hospital, The Catholic University of Korea 
(OC17ZESI0052).

Study population definition

From the database, subjects were selected who took part in the 
NHSP from 1 January 2009, to 31 December 2010 (baseline 
health examination). Exclusion criteria were: individuals with a 
prior PN diagnosis (ICD-10 code L28.1) and those for whom data 
on blood creatinine and dipstick proteinuria were missing at the 
baseline check-up. Based on the criteria, 17,295,576 individuals 
were included in the analysis. The flow chart for patient selection 
is shown in Fig. S1. 

From the date of baseline health examination (index date), 
participants were followed up until development of new-onset 
PN (primary outcome), death, or until the end of data collection 
(30 August 2019), whichever came first. 

Definitions of eGFR and proteinuria and information on fasting 
blood sugar and smoking 

According to the Kidney Disease Improving Global Outcomes 
guidelines, CKD is classified by the level of eGFR and proteinuria 
(11). The eGFR measure is accepted as the best index of kidney 
function (11) and is calculated based on the original modification 
of diet in renal disease equation: eGFR (ml/min/1.73 m2)=186.3 
(serum creatinine–1.154) × (age–0.203) × (0.742 for women) (13). 
Serum creatinine was measured by colorimetry. In accordance 
with the CKD staging system (11), we adopted 5 eGFR categories: 
eGFR ≥ 90 (normal to increased eGFR), 60–89 (mildly reduced 
eGFR), 30–59 (moderately reduced eGFR), 15–29 (severely 
reduced eGFR), and ESRD (eGFR < 15, or those who have been 
assigned dialysis or special-dialysis claim codes of V001 and 
V003 or treatment codes of O7020 for haemodialysis and O7061 
for peritoneal dialysis for more than 90 days) (14). Proteinuria is a 
marker for kidney damage (11) and was detected using a dipstick, 
with the degree of proteinuria identified by a change in the colour 

of the reagent: “negative,” “trace (±),” “1+,” “2+,” “3+,” “4+.” 
For this study, we separated the dipstick proteinuria into 2 groups: 
“no proteinuria (−)” and “proteinuria (≥ trace).” 

Individuals were categorized according to their fasting blood 
sugar levels by exploring cut-offs of 100 and 126 mg/dl. Indivi-
duals with fasting blood glucose level below the cut-offs were 
considered “normoglycaemic,” and those between 100 and 125 
mg/dl as “moderate (prediabetes),” while those at or above 126 mg/
dl were categorized as “hyperglycaemic (diabetes).” The smoking 
status of the participants, start and stop year of smoking, and the 
number of packs consumed per day were obtained. Based on the 
data, participants were categorized as “non-smoker,” “former 
smoker,” or “current smoker.” Period and intensity of smoking 
for both former and current smokers, as well as the start and stop 
year of smoking, were obtained, and from this information, the 
number of pack-years was calculated. 

Study outcomes

The primary outcome of this study was incident PN, a code for 
which first appeared in the Korean Classification of Diseases in 
1993. To identify patients with PN from the NHI database, our 
research team of 5 experts in the field of dermatology and epide-
miology used the criteria of a PN diagnostic code (ICD-10 code 
L28.1) as a primary diagnosis for 3 times or more after the index 
date. A validation study, which reviewed 1,151 patients with an 
ICD-10 code L28.1, revealed a positive predictive value of 97.4% 
for our definition of PN (Appendix S1).

Statistical analyses

The baseline characteristics for continuous data are presented as 
the mean ± standard deviation (SD). Categorical data are shown 
as the number. Person-years were calculated for each study sub-
ject from enrolment to PN diagnosis or to the completion of the 
subject’s respective follow-up period. The incidence rate was 
estimated by dividing the number of incident-PN cases by “total 
person-years,” which was the sum of the person-years of all re-
search subjects. Cases of CKD were classified based on 5 levels 
of eGFR and 2 groups of proteinuria. We calculated the incidence 
rates (number of PN events per 10,000 person-years) on whole 
and across the eGFR strata and dipstick proteinuria categories. 
The crude association between eGFR strata and PN occurrence 
is graphically displayed in a Kaplan–Meier curve. The incident 
rate (IR) ratios for PN were then calculated by dividing the IRs 

Table I. Baseline characteristics

Overall
(n=17,295,576)

eGFR, ml/min/1.73 m2

≥90
(n = 8,013,942)

60–89
(n = 8,384,153)

30–59
(n = 843,185)

15–29
(n = 17,970)

End stage (≤ 15)
(n = 36,326)

Age, years, mean ± SD 48.3 ± 14.3 42.6 ± 12.3 51.8 ± 13.7 65.6 ± 11.7 67.6 ± 12.6 51.9 ± 17.0
Sex, male, n (%) 8,910,543 (51.5) 4,241,826 (52.9) 4,312,027 (51.4) 328,798 (39.0) 8,371 (46.6) 19,521 (53.7)
Proteinuria (+), n (%) 445,033 (2.6) 153,646 (1.9) 217,369 (2.6) 59,963 (7.1) 6,771 (37.7) 7,284 (20.1)
Overweight (BMI ≥25), n (%) 5,668,833 (32.8) 2,369,886 (29.6) 2,938,797 (35.1) 342,580 (40.6) 6,804 (37.9) 10,766 (29.6)
Fasting blood sugar ≥126 mg/dl, n (%) 1,103,743 (6.4) 408,319 (5.1) 577,017 (6.9) 110,188 (13.1) 3,813 (21.2) 4,406 (12.1)
Low density lipoprotein ≥160 mg/dl, n (%) 1,600,959 (9.3) 595,598 (7.4) 888,651 (10.6) 112,248 (13.3) 1,866 (10.4) 2,596 (7.1)
Triglyceride ≥ 200 mg/dl, n (%) 2,690,168 (15.6) 1,139,354 (14.2) 1,373,926 (16.4) 166,017 (19.7) 4,610 (25.7) 6,261 (17.2)
Waist circumferencea, n (%) 4,661,296 (30.0) 1,812,516 (22.6) 2,471,867 (29.5) 357,688 (42.4) 8,237 (45.8) 10,988 (30.2)
Current smoker, n (%) 6,356460 (36.8) 3,126,911 (39.1) 3,001,088 (35.7) 210,342 (24.9) 5,163 (28.7) 12,956 (31.9)
Current drinker, n (%) 8,002,924 (46.3) 4,130,375 (51.5) 3,647,722 (43.5) 208,411 (24.7) 3,403 (18.9) 13,013 (35.9)
Pulse pressure ≥ 60, n (%) 1,908,971 (11.0) 669,190 (8.4) 1,033,827 (12.3) 192,366 (22.8) 5,920 (32.9) 7,668 (21.1)
Hypertension (BP ≥ 140/90 mm Hg), n (%) 2,603,018 (15.1) 966,424 (12.1) 1,402,735 (16.7) 219,540 (26.1) 11,742 (65.4) 20,592 (22.7)
Gamma-GTPb, n (%) 2,622,196 (15.2) 1,188,777 (14.8) 1,291,978 (15.4) 133,282 (15.8) 2,740 (15.2) 5,419 (14.9)
SGOT > 40 units/l, n (%) 1,092,077 (6.3) 490,507 (6.1) 537,851 (6.4) 60,577 (7.2) 969 (5.4) 2,173 (6.0)
SGPT > 40 units/l, n (%) 1,960,077 (11.3) 953,086 (11.9) 930,104 (11.1) 72,723 (8.6) 959 (5.3) 3,205 (8.8)

amale > 90 cm, female > 85 cm). bmale > 63 units/l, female > 35 units/l.
SD: standard deviation; BMI: body mass index; BP: blood pressure; GTP: glutamyl transpeptidase; SGOT: serum glutamic oxaloacetic transaminase; SGPT: serum 
glutamic pyruvate transaminase.

http://medicaljournalssweden.se/actadv
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of PN in patients with an eGFR of 60–89, 30–59, or 15–29 by 
the IR of PN in patients with eGFR ≥ 90, and by dividing the IR 
of PN in patients with proteinuria by the IR of PN in patients 
without proteinuria.

With CKD as our focus, multivariable-adjusted association of 
eGFR, proteinuria, and their combination (eGFR × proteinuria) 
with incident PN were examined with Cox regression. Age, sex, 
body mass index, waist circumference, low-density lipoprotein, 
triglyceride, high-density lipoprotein, aspartate aminotransferase, 
alanine aminotransferase, fasting sugar level, and smoking status 
(Fig. S2) were included as covariates in the final model. 

In addition, subgroup analyses were performed using pre-defined 
characteristics to identify the more vulnerable population groups. 
We stratified our Cox analysis by age at index date (< 60 vs ≥ 60 
years), sex (male vs female), fasting blood sugar (< 126 vs ≥ 126 
mg/dl) and smoking (non-smoker vs smoker) to assess their in-
teraction with eGFR. 

The statistical tests were 2-sided, and p-values < 0.05 were con-
sidered statistically significant. STATA 15.0 (StataCorp, College 
Station, TX, USA) software was used in the statistical analyses. 

RESULTS

Characteristics of the study group 
A total of 17,295,576 participants were categorized into 5 
groups according to eGFR. Table I lists participant 
characteristics according to eGFR. The participants’ 
mean age was 48.3 years, and 51.5% were male. 
With regards to kidney function, 46.3% of the cohort 
were eGFR ≥ 90; 48.5% eGFR 60–89; 4.9% eGFR 
30–59; 0.1% eGFR 15–29; and 0.2% ESRD (eGFR 
<15 or receiving dialysis).

Overall prurigo nodularis incidence 
Over a median follow-up of 9.72 years (interquartile 
range 9.07–10.1), 58,599 individuals developed PN, 
with an incidence rate of 3.60 per 10,000 person-
years (Table II). 

Independent risk factors for prurigo nodularis
The risk of PN increased with age (≥40 years), male 
sex, hyperglycaemia (fasting blood sugar ≥126 mg/
dL), smoking, proteinuria, and reduced eGFR, where 

eGFR stood out as the strongest risk 
factor (Fig. S2).

Association of chronic kidney disease 
determinants with incident prurigo 
nodularis
The crude PN incidence rate increased 
linearly as the eGFR decreased and in the 
presence of proteinuria (Table II, Fig. 1). 
The adjusted hazard ratio (HR) for PN 
was significantly higher in patients with 
eGFR 15–29, ESRD, and in the presence 
of proteinuria (Table II, Fig. S2). 

Compared with eGFR ≥ 90, HR associated with eGFR 
15–29 was 1.31 (95% confidence interval (95% CI) 
1.05–1.62); and ESRD-associated HR was 1.46 (95% 
CI 1.25–1.69) (Table II, Fig. 1). Compared with no 
proteinuria, proteinuria-associated HR was 1.14 (95% 
CI 1.08–1.19) (Table II, Fig. S2). 

The presence of proteinuria accentuated eGFR 15–29 
and ESRD-associated hazards for PN, and caused the 
hazard associated with eGFR 30–59 to become signifi-
cant (Fig. 2). 

In the presence of proteinuria, the eGFR-associated 
HR increased greatly to 1.26 (95% CI 1.07–1.47) in 
patients with eGFR 30–59; 2.12 (95% CI 1.57–2.86) in 
those with eGFR 15–29; and 2.39 (95% CI 1.81–3.16) 
in those with ESRD. As for the eGFR 30–59 group, the 
hazard for PN was significant only in the presence of 
proteinuria. In the absence of proteinuria, the adjusted 
HR for PN was significant in those with ESRD, at 1.21 
(95% CI 1.81–3.16) (Fig. 2). 

Subgroup analyses
The association between eGFR and PN was assessed 
across 4 subgroups (Fig. 3). eGFR 15–29 and ESRD 

Table II. Incidence rates and hazard ratios (HR) for prurigo nodularis

Person-years
Events 
n

Incidence per 
104 person-years 
(95% CI)

Unadjusted IRR 
(95% CI)

Adjusted HR 
(95% CI)

Overall 163,100,000 58,599 3.60 (3.56–3.62)
eGFR
  ≥ 90   76,181,525 25,073 3.29 (3.25–3.33) 1.00
  60–89   78,963,660 29,896 3.79 (3.74–3.83) 1.03 (1.01–1.04) 1.01 (0.99–1.03)
  30–59     7,471,244   3,380 4.52 (4.37–4.68) 1.08 (1.03–1.13) 1.01 (0.97–1.05)
  15–29        132,265   83 6.28 (5.06–7.78) 1.52 (1.22–1.89) 1.31 (1.05–1.62)
  ≤ 15        301,530 167 5.54 (4.76–6.46) 1.54 (1.32–1.79) 1.46 (1.25–1.69)
Proteinuria
  Proteinuria (−) 159,005,094 56,809 3.57 (3.54–3.60) 1.00
  Proteinuria (+)     4,045,130   1,790 4.43 (4.22–4.63) 1.24 (1.18–1.30) 1.14 (1.08–1.19)

IRR: incidence risk ratios; 95% CI: 95% confidence interval; eGFR: estimated glomerular filtration 
rate (ml/min/1.73 m2).

Fig. 1. Cumulative incidence of prurigo nodularis according to estimated 
glomerular filtration rate (eGFR) strata.

http://medicaljournalssweden.se/actadv
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were more strongly associated with PN in men, fasting 
blood sugar (≥126 mg/dl), and a positive smoking his-
tory (Fig. 3).

In the presence of fasting blood sugar ≥ 126 mg/dl, 
ESRD-associated HR was 2.16 (95% CI: 1.52–3.07) 
when compared with those with eGFR ≥ 90. In cases of 
fasting blood sugar < 126 mg/dl, the HR associated with 
eGFR 15–29 was 1.30 (95% CI 1.02–1.66); and ESRD-
associated HR was 1.36 (95% CI 1.15–1.61) (Fig. 3). 

With a smoking history, the HR associated with eGFR 
15–29 was 1.50 (95% CI 1.07–2.09); and ESRD-associ-
ated HR was 1.46 (95% CI 1.15–1.83) when compared 
with those with eGFR ≥  90. In cases without a history 
of smoking, ESRD-associated HR was 1.42 (95% CI 
1.17–1.74) (Fig. 3).

DISCUSSION

The annual incidence of PN among those who took part 
in the NHSP in Korea was 0.036% throughout the study 
period, a rate that is similar to those in reports from 
Germany (15). The risk of developing PN was highest 
in the group of patients in their 60s, which is consistent 
with prior reports on PN being common in older adults, 
with a mean age of onset at 62 years (16). Males had an 

Fig. 2. Forest plot depicting the multivariable-adjusted association 
of estimated glomerular filtration rate (eGFR), proteinuria, and their 
combination (eGFR × proteinuria) with incident prurigo nodularis 
(PN). 95% CI: 95% confidence interval; HR: adjusted hazard ratio.

Fig. 3. Subgroup analyses on age, sex, fasting blood sugar level, and smoking status. Forest plot depicting the association between estimated 
glomerular filtration rate (eGFR) strata and the risk of prurigo nodularis (PN). 95% CI: 95% confidence interval; HR: adjusted hazard ratio.

http://medicaljournalssweden.se/actadv
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increased risk of incident PN compared with females, 
which is in line with the findings of a previous study in 
which 41.9% of Asian PN cases were in females (17). 

This is the first study to suggest that reduced eGFR 
and proteinuria, both of which are incorporated in the 
CKD classification system (11) contribute to PN deve-
lopment. The risk of incident PN increased with lower 
eGFR, a finding suggesting a dose-response association 
that remained in eGFR 15–29 and ESRD categories after 
adjusting for covariates. 

Next to being an independent risk factor for PN, 
proteinuria increased PN risk in patients with eGFR 
15–29 and ESRD, and selectively accentuated PN risk 
of patients with eGFR 30–59. This is understandable, 
given that proteinuria is a marker of kidney damage and a 
strong predictor of kidney disease progression and failure 
(11). Multiple studies have demonstrated the benefit of 
renin-angiotensin-aldosterone system (RAAS) inhibi-
tion with an angiotensin-converting enzyme inhibitor or 
angiotensin II receptor blocker in controlling proteinuria 
(18), which may help to prevent PN. 

Dysregulated inflammation (19) and peripheral neuro
pathy (19, 20) appear to be part of the pathogenesis of 
PN from CKD. Of the cytokines, IL-31 is a major pruri
togen and can lead to a severe itch-scratch cycle (21) that 
produces the characteristic pruritic nodules (22). 

Uraemic neuropathy is common among dialysis and 
non-dialysis CKD patients (23) and is associated with 
an increased release of substance P (24). Substance P 
has also been implicated in the pathogenesis of PN (it 
promotes endothelial cell proliferation, contributing to 
nodule formation) (25) and an increased density of der-
mal substance P-positive sensory nerve fibres has been 
demonstrated in PN lesions (26). The beneficial effect of 
gabapentin and pregabalin in patients with PN may also 
be evidence of the neural origin of PN (27).

In the current study, fasting blood sugar (≥ 126 mg/dl), 
and a history of smoking were identified as independent 
risk factors for PN. Huang et al. (1) reported that patients 
with PN had an increased chance of having DM and 
hypothesized that DM-associated pruritus from skin xe-
rosis and diabetic polyneuropathy (28) contributes to the 
development of PN (1). Although data on tobacco use and 
smoking in patients with PN are lacking, cigarette-smoke 
extracts have been shown to trigger expression of thymic 
stromal lymphopoietin (29), a cytokine that acts directly 
on sensory neurones to provoke itch-evoked scratching 
(30). In addition, smoking contributes to peripheral 
neuropathy, which takes part in PN pathogenesis (31). 

According to subgroup analyses, the eGFR-associated 
risk of PN was heightened in those with a fasting blood 
sugar level ≥126 mg/dl, and in smokers, which indicates 
that CKD patients with DM or a history of smoking are 
the most vulnerable to developing PN. Other than their 
direct contribution to PN, both DM and smoking are 
known to induce kidney disease progression and failure 

via oxidative stress, hyperfiltration injury, and advanced 
glycosylation end products, which can further enhance 
PN risk (32). Smoking was an independent risk factor 
for PN with a dose-response nature, which suggests that 
its control can help PN prevention.

Finally, we found males were at a higher risk of inci-
dent PN in the presence of reduced eGFR compared with 
females. As underlying mechanisms, mast cell number 
and degranulation are known to be sex-dependent (33). 
In addition, uraemic neuropathy is more prevalent in 
male subjects (34) and women progress toward kidney 
failure at a slower pace compared with men (35), which 
explains the sex discrepancy between PN with CKD. 

Limitations
This study has some limitations. First, the failure of this 
study to retrieve information regarding the duration of 
reduced eGFR and proteinuria may influence the risk of 
incident PN. In addition, the determination of eGFR and 
proteinuria was based on a single measurement, which 
is subject to variability, and the current study population 
is limited to Koreans, which is a very homogeneous 
population.

Despite these limitations, this study benefits from the 
use of nationwide population-based data with access to 
eGFR and proteinuria data from the NHSP database. 
Patients in the NHI database were followed up for 9.72 
years in the current cohort study, which is the first to 
identify a temporal relationship between reduced eGFR/
proteinuria and incident PN. Diagnoses of PN were va-
lidated and the effect of possible confounders (i.e. age, 
sex, fasting blood sugar ≥ 126 mg/dl, and smoking status) 
was controlled for and sub-analysed. 

Conclusion
This is the first nationwide epidemiological study on PN 
in Korea to identify the differential impact of CKD seve-
rity on PN development. The data suggest that eGFR is 
the most significant risk factor of PN being more promi-
nent in males, patients with fasting blood sugar ≥126 mg/
dL, and smokers. The presence of proteinuria, another 
powerful measure for detecting and staging CKD, was 
also an independent risk factor of PN. 

With the knowledge that CKD increases the risk of PN, 
preservation of renal function would potentially translate 
into lower risk of PN. Control of modifiable risk factors, 
such as hyperglycaemia, smoking, and proteinuria, may 
be of great benefit. Reduction in proteinuria can be 
achieved by using anti-hypertensives, such as angiotensin 
converting enzyme inhibitors.
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