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2Dermatology Department, Hôpital Larrey, Toulouse, France
3Dermatology Department, National Reference Center for Rare Skin Diseases, Hôpital Saint-Andr�e, Bordeaux, France
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Abstract
Background Acral pustular disease within the pustular psoriasis/psoriasis-like spectrum mainly includes palmo-

plantar pustulosis (PPP) and acrodermatitis continua of Hallopeau (ACH). Scarce data argue for a distinction

between these two entities, but no study has compared the clinical and epidemiologic characteristics of ACH and

PPP.

Objectives We aimed to perform a comparative description of the epidemiological and clinical characteristics of PPP

and ACH in a multicentre retrospective cohort.

Methods In this multicentre national retrospective cohort study, we compared the epidemiological characteristics,

comorbidities and psoriasis characteristics of patients with PPP and ACH.

Results A total of 234 patients were included: 203 (87%) with PPP, 18 (8%) with ACH and 13 (6%) with both,

according to 2017 ERASPEN criteria. As compared with ACH, PPP was associated with female sex, smoking activity

and higher median BMI (P = 0.01, P = 0.02 and P = 0.05 respectively). A family background of psoriasis was more

frequent in PPP than ACH. Age of onset of palmoplantar disease was similar between PPP and ACH patients,

median age 44 and 48 years respectively. Peripheral joint inflammatory involvement was the only rheumatic disease

associated with ACH. The association with another psoriasis type was similar in PPP and ACH (57.6% and 61.1%

respectively).

Conclusion Our study confirms in a large PPP cohort the predominance of females and a high prevalence of smoking

and elevated body mass index but also shows an association of these features in PPP as compared with ACH. In addi-

tion, it highlights peripheral arthritis as the only arthritis endotype associated with ACH. Increased knowledge of the

immunogenetic backgrounds underlying these two entities is warranted to better stratify pustular psoriasis or psoriasis-

like entities for precision medicine.
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Introduction
Acral pustular psoriasis is a rare and disabling variant of psoria-

sis, associated in the literature with middle-aged women and

smoking.1,2 In 2017, the European Rare and Severe Psoriasis

Expert Network (ERASPEN) differentiated two clinical forms:

palmoplantar pustulosis (PPP) and acrodermatitis continua of

Hallopeau (ACH).3

Some evidence argues for a specific transcriptomic and

genetic pattern of PPP, distinct from psoriasis vulgaris (PV) or

generalized pustular psoriasis (GPP),4,5 but the clinical and

pathophysiological characteristics of ACH and PPP have not

been compared. In a recent study reporting the efficacy of bio-

logical therapy in acral pustular psoriasis, we showed that ACH

patients had a specific response profile as compared with PPP

patients, with a higher proportion of complete clearance with

adalimumab or etanercept.6 These data would imply that these

diseases are true distinct entities.

Here we compared the epidemiological and clinical character-

istics of PPP and ACH in a multicentre retrospective cohort.

Patients and methods

Study design and setting
We analysed epidemiological and clinical data for a multicentric

retrospective cohort of PPP and ACH patients followed by

expert dermatologists registered as members of the ‘Groupe de

Recherche sur le Psoriasis’ of the French Society of Dermatology.

We performed a search of the literature in PubMed using the

keywords “palmoplantar AND pustulosis”, “palmoplantar AND

pustulosis AND psoriasis”. Among the 633 published studies,

only cohort studies (n > 15) published in English were selected.

Of note, studies included for comparison with our PPP cohort

had to exclude or mention the proportion of patients presenting

an eventual associated ACH, based on the ERASPEN criteria.3

However, only one cohort study assessing the detailed clinical

characteristics of ACH was found.

Participants and eligibility criteria
Patients were included if they (1) had a diagnosis of PPP and/or

ACH by a certified dermatologist and (2) were followed by one

of the study investigators for a minimum of 12 weeks after initi-

ating at least one topical or one systemic treatment for PPP and/

or ACH between January 2014 and December 2016. Some

patients of the present cohort (n = 92) were included in a previ-

ous study of our group.6 Patients with drug-induced pustular

psoriasis were excluded, mainly those with tumour necrosis fac-

tor inhibitor-induced paradoxical PPP.

Data collection and definitions
The following data were collected at inclusion: demographic

data (sex, smoking status, alcohol consumption), clinical data

including subtype of acral pustular psoriasis (PPP, ACH and

overlap), age at disease onset, comorbidities (dyslipidaemia,

hypertension, diabetes, hypo- or hyperthyroidism, body mass

index), association with other types of psoriasis, including psori-

atic arthritis, indicators of severity of associated plaque psoria-

sis/psoriasis vulgaris (PV) (Psoriasis Area Severity Index [PASI]

and body surface area [BSA]).

Acral pustular psoriasis subtype definitions followed the Euro-

pean consensus3: ACH was defined by primary, persistent

(>3 months), sterile, macroscopically visible pustules affecting the

nail apparatus and PPP by primary, persistent (>3 months), sterile,

macroscopically visible pustules on palms and/or soles. Overlap

forms associated characteristics of both ACH and PPP. Synovitis,

Acne, Pustulosis, Hyperostosis, and Osteitis (SAPHO) syndrome

was defined according to the inclusion and exclusion criteria for-

mulated by Benhamou et al.7 Overweight and obesity were defined

by body mass index (BMI) ≥ 25 and 30 kg/m2 respectively.

Statistical analysis
Data are presented as median (interquartile range [IQR]) or

number (%). We used Fisher’s exact test and Mann–Whitney

test to compare as appropriate categorical and unpaired non-

normally distributed quantitative data respectively. Two-tailed

P ≤ 0.05 was considered statistically significant in exploratory

analysis. Multiple testing was corrected by two-stage linear step-

up procedure of Benjamini, Krieger and Yekutieli (Q: 5%); after

correction p-values less than 0.0087 were considered as ‘discov-

eries’. Analyses were performed with GraphPad Prism version8.

Patients with the overlap subtype of acral pustular psoriasis were

excluded from the statistical analysis in order to compare only

ACH and PPP phenotypes.

Ethical statements
The research was conducted in compliance with the Helsinki

Declaration. According to French law, this study was declared to
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the Commission Nationale de l’Informatique et des Libert�es

(CNIL, declaration no. 2206749, 09/13/2018).

Results
Patient characteristics are summarized in Table 1. A total of 234

patients were included: 160 (68%) were females. PPP was the

most frequent form (87%, n = 203) as compared with ACH

(8%, n = 18) and the overlap form (6%, n = 13).

Comparison between ACH and PPP patients
The proportion of females was significantly higher for PPP than

ACH patients (71.4% vs. 38.8%, P = 0.007; Table 1). Overall,

20.2% PPP patients had a family history of psoriasis (all com-

bined), with none reported in the ACH group. Age of onset of

palmoplantar disease was similar between the PPP and ACH

groups (median age 44 [IQR 32–52] vs. 48 [30–6] years).
In addition, the prevalence of active smoking was significantly

higher in PPP than ACH (60.6% vs. 44.4%, P = 0.04). In addition,

the median BMI was higher in PPP group (25.2 [IQR 22.4–31.2]

vs. 23.6 [21.0–25.3] kg/m2, P = 0.05). In line with these data, the

proportion of overweight and obese patients was higher in PPP

than ACH (39.4% vs. 27.8% and 20.7% vs. 5.6%, data not shown).

The prevalence of cardiometabolic comorbidities (dyslipidaemia,

hypertension, diabetes) did not differ between the groups.

The groups did not differ in prevalence of rheumatological

inflammatory disease, including SAPHO syndrome. However,

peripheral arthritis was the only inflammatory rheumatic disease

associated with ACH than PPP (27.8% vs. 6.4%). The associa-

tion with another psoriasis type was similar between the PPP

and ACH groups (57.6% and 61.1%). When another type of

psoriasis was associated, ACH and/or PPP onset occurred in

most cases before the onset of any psoriasis subtype (86.7% and

88.9% in, respectively, PPP and ACH). PV was the most fre-

quent associated type of psoriasis in both cases, ahead of nail

psoriasis. Nail involvement and flexural psoriasis were higher in

overlap patients, 61.5% and 15.4%, respectively, than the other

groups. GPP prevalence was higher in ACH than PPP, but the

number of GPP patients in each group was too low for analysis.

Table 1 Clinical characteristics of patients with acral pustular psoriasis and comparison of PPP and ACH

Total (n = 234) PPP (n = 203) ACH (n = 18) Overlap (n = 13) PPP vs. ACH
P*

Female, n (%) 160 (68.3) 145 (71.4) 7 (38.8) 8 (61.5) 0.007

Psoriasis family history, n (%) 44 (18.8) 41 (20.2) 0 (0) 3 (23.1) 0.03†

Age at onset, median (IQR) 44 (31–53) 44 (32–52) 48 (30–65) 42 (30–51) 0.27

Smoking, n (%) 166 (70.9) 149 (73.4) 8 (44.4) 9 (69.2) 0.004

Current, n (%) 134 (57.3) 123 (60.6) 7 (38.9) 4 (30.8)

Former, n (%) 21 (9.0) 16 (7.9) 1 (5.5) 4 (30.8)

Excessive alcohol consumption, n (%) 26 (11.1) 18 (8.9) 4 (22.2) 4 (30.8) 0.12

BMI, median (IQR) 25 (22.2–29.6) 25.2 (22.4–31.2) 23.6 (21.0–25.3) 22 (18.6–28.4) 0.05†

Dyslipidaemia, n (%) 40 (17.1) 38 (18.7) 1 (5.6) 1 (7.7) 0.21

Hypertension, n (%) 46 (19.7) 41 (20.2) 4 (22.2) 1 (7.7) 0.77

Diabetes, n (%) 23 (9.8) 19 (9.4) 4 (22.2) 0 (0) 0.10

Hypo/hyperthyroidism, n (%) 15 (6.4) 14 (6.9) 0 (0) 1 (7.7) 0.61

APP as first manifestation of psoriasis, n (%) 204 (87.2) 176 (86.7) 16 (88.9) 12 (92.3) 1

Association with psoriasis, n (%) 138 (59.0) 117 (57.6) 11 (61.1) 10 (76.9) 0.81

Psoriasis vulgaris 100 (42.7) 87 (42.9) 6 (33.3) 7 (53.4)

Psoriasis guttate 13 (5.6) 11 (5.4) 2 (11.1) 0 (0)

Flexural psoriasis 14 (6.0) 11 (5.4) 1 (5.6) 2 (15.4)

Nail psoriasis 63 (26.9) 50 (24.6) 5 (27.8) 8 (61.5)

GPP 3 (1.3) 1 (0.5) 2 (11.1) 0 (0)

Arthritis, n (%) 53 (22.6) 45 (22.2) 5 (27.8) 3 (23.1) 0.57

Axial 10 (4.3) 10 (4.9) 0 (0) 0

Peripheral 20 (8.5) 13 (6.4) 5 (27.8) 2 (15.4)

Overlap 20 (8.5) 19 (9.4) 0 (0) 1(7.7)

SAPHO 13 (5.6) 13 (6.4) 0 (0) 0 (0)

ACH, acrodermatitis continua of Hallopeau; APP, acral pustular psoriasis; BMI, body mass index; BSA, body surface area; GPP, generalized pustular psoria-
sis; IQR, interquartile range; PASI, Psoriasis Activity Skin Index; PPP, palmoplantar pustulosis; PV, psoriasis vulgaris; SAPHO, Synovitis Acnea Hyperostosis
and Osteitis; Overweight and obesity were defined with BMI > 25 and 30 kg/m2 respectively.
P values < 0.05 are indicated in bold.
*Fisher’s exact test for categorical variables and Mann–Whitney test for continuous variables.
†Statistically significant in exploratory analysis but not after multiple testing correction (Two-stage linear step-up procedure of Benjamini, Krieger and
Yekutieli).
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In case of associated PV, PASI and BSA were similar between

groups (respectively, median 11.5 [IQR 8.3–14.8] vs. 6 [4.2–
15.2]; and 5 [4.25–8.75) vs. 3 [1.5–10], data not shown).

Comparison with the literature
We found four cohorts from three different studies in the litera-

ture reporting clinical characteristics of PPP; two were mono-

centric, and none had a study size larger than our cohort

(Table 2).8–10 The proportion of females ranged from 59% to

83%, with the median age at disease onset of 44.2 to 51.1 years,

which agrees with our data. In our cohort, the respective rates of

hypertension, current/former smokers and thyroid disease were

comparable with the literature, but the prevalence of diabetes

was slightly less in our study (12.1% to 15% vs. 9.8% in our

cohort).

The 42.7% proportion of our patients with acral pustular dis-

ease showing an association with PV exceeded the highest preva-

lence rates from the literature, which ranged from 11% to

33%.8–10 In the same way, the prevalence of arthritis was higher

in our cohort than the literature (22.6% vs. 8.6% to 16.7% [8–
10]). Several biases might account for these apparent discrepan-

cies, especially the massive tertiary care centre recruitment in

our study, which might affect patient profiles, including severity,

as well as physician assessments.

For an international genotyping study of 863 patients with

pustular psoriasis across different geographic areas, clinical data

were not available in detail.4 Recently, only one cohort study

reported characteristics of 39 ACH patients11 with the preva-

lence of smoking and associated inflammatory rheumatism and

median BMI comparable to that in our study. However, female

Table 2 Comparison of PPP clinical characteristics in the current study to previous series

Benzian-Olsson et al.10 Kim et al.9 Huang et al.8 Current study

Series characteristics Prospective
multicentre

Prospective
multicentre

Retrospective
monocentre

Retrospective
monocentre

Retrospective
multicentre

Series country United Kingdom Northern Europe Korea Taiwan France

Year of publication 2020 2020 2020 2020

Distinction with ACH and/or
PPP diagnosis based on
2017 ERASPEN criteria

Yes (ACH excluded) Yes (ACH excluded) No† Yes Yes

Total population 203 193 116 66 203

Age at onset, median
(SD or range), years

48 (38–59) 45 (33–54) 51.1 (11.1) 44.2 (14.3) 44 (22)

Female, n (%) 160 (79) 161 (83) 69 (59.5) 39 (59.1) 145 (71)

Nail involvement, n (%) 65 (32) 64 (33) 63 (66.3) 31 (47.0) 50 (25)

Smoking, n (%) 178 (87.7) 160 (82.9) NA 41 (62.1) 149 (74)

Family history, n (%)

Pustular psoriasis 9 (4) 10 (11) NA NA 5 (2.5)

PV 65 (32) 33 (17) NA NA 31 (15)

Psoriasis all combined, n (%) NA NA NA 1 (1.5) 41 (20)

Personal background, n (%)

PV 66 (33) 22 (11) 17 (14.7) 14 (21.2) 87 (43)

Rheumatism involvement 20 (10) 17 (9) 10 (8.6) 11 (16.7) 45 (22)

GPP NA NA NA 3 (4.5) 1 (0.5)

ACH Exclusion criteria Exclusion criteria 5 (7.9)† 5 (7.6) 0 (0)

Comorbidities, n (%)

Hypertension 41 (20) 58 (30) 21 (18.1) 10 (15.2) 41 (20)

Diabetes 26 (13) 29 (15) 14 (12.1) 8 (12.1) 19 (9.3)

Hypo/hyperthyroidism 14 (7) 25 (13) 6 (5.2) 4 (6.1) 14 (6.9)

SAPHO NA NA NA 1 (1.5) 13 (6)

Overweight NA NA NA NA 80 (39)

Obesity 60 (40) 51 (26) NA NA 42 (21)

Dyslipidaemia NA NA NA NA 38 (19)

ACH, acrodermatitis continua of Hallopeau; ERASPEN, European Rare and Severe Psoriasis Expert Network; GPP, generalized pustular psoriasis; NA, not
available; PPP, palmoplantar pustulosis; PV, psoriasis vulgaris; SAPHO, Synovitis Acnea Palmoplantar pustulosis Hyperostosis and Osteitis; SD, standard
deviation.
Overweight and obesity were defined as BMI > 25 and 30 kg/m2 respectively.
†PPP diagnosis was not based on ERASPEN criteria, but ACH diagnosis was deduced from description of nail involvement on the study, as subungual
pustulation.
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prevalence, age at onset and associated psoriasis vulgaris were

higher than in our cohort (56.4% vs. 38.8%, 54.4 vs. 48 years

old and 46.2% vs. 33.3% respectively). Of note, 18% of these

patients presented associated PPP. In addition, given the low

number of ACH patients, comparative analyses of cohort studies

should be considered with caution.

Discussion
This is the first study comparing the epidemiological and clinical

characteristics of PPP and ACH, defined according to 2017 ERA-

SPEN criteria.3 We show evidence of an overlap in 6% of our

patients who fulfilled ERASPEN criteria for both entities. Other-

wise, our study emphasizes that PPP and ACH are distinct clini-

cal entities in most cases. In addition, we show that PPP is

associated with smoking and with an elevated BMI, whereas

arthritis, predominantly peripheral, seemed to predominantly

affect patients with ACH.

In our study, peripheral arthritis was the only inflammatory

rheumatic disease found in ACH. An association between enthe-

sitis and nail psoriasis was previously reported: the prevalence of

nail psoriasis was increased among patients presenting psoriatic

arthritis,12 but its severity was also associated with distal inter-

phalangeal joint involvement and unremitting arthritis.13 In fact,

given the anatomical relation between nail root and distal inter-

phalangeal joints, inflammation of this joint surrounds the nail

matrix, thus leading to psoriatic nail disease by Koebner phe-

nomenon.14 A similar scenario could explain the association

between ACH and peripheral rheumatism, by a peripheral trop-

ism of inflammation. Of note, nail psoriasis prevalence was simi-

lar between ACH and PPP, which excludes it as a potential

cofounding factor.

We confirmed the association of environmental factors such

as tobacco smoking with PPP, in accordance with the literature.

Furthermore, less than 3% of our PPP group had a family his-

tory of PPP, as compared with 15% having a family history of

PV. This finding highlights the importance of environmental

factors in a given family background for PPP development. The

Twelves et al. large cohort study, genotyping 863 patients with

pustular psoriasis (251 GPP, 560 PPP, 28 ACH and 24 overlap),

reported that PPP was the pustular psoriasis type most affected

by smoking status, whereas the proportion of patients carrying

IL36RN mutations was greater in GPP and ACH than PPP.4 In

our cohort, family history of psoriasis in ACH patients may have

been underestimated because of the variable manifestation of

psoriatic disease and the retrospective nature of the study. For

example in the Kromer et al. study, 2% of patients had a family

history of pustulosis and 23% a family history of PV.11 In the

Twelves et al. study, the proportion of ACH patients carrying

IL36RN disease alleles was 18.2%.4

PPP severity was recently found associated with smoking sta-

tus.10 Despite no doubt about a genetic part in PPP, either com-

plex or monogenic, the environment seems to play a major role

in its development and severity. Actually, several data argue for a

direct role of pyrenes in the excretion of stress-induced cytokines

in keratinocytes as a Koebner phenomenon.15,16 Taken together,

these data provide support for a role of tobacco smoke contami-

nants in both local palmar and systemic inflammation. Finally, a

2006 study showed a significant alleviation of PPP among

patients who stopped smoking as compared with those who con-

tinued,17 which raises the importance of a focus on smoking ces-

sation in patients with PPP.

In the same way, elevated BMI tended to be associated with

PPP. The impact of obesity on PV severity and in biological

therapy resistance is well described,18–20 but our study is the first

to report in PPP. Given (i) the activation of the T helper 17

(Th17) cell pathway in obesity due to fatty acids and

adiponectin,21–24 (ii) the association of PPP with overweight,

(iii) a reported efficiency of interleukin-17 (IL-17), IL-12/23 and

IL-23 inhibitors6,25–27 in PPP, the Th17 pathway could be

involved in PPP development, as previously suggested.5,28,29 Fur-

thermore, recent data reported the efficacy of tumour necrosis

factor inhibitors but with a higher proportion of complete

response in ACH than PPP.6 This differential pattern could be

due to epidemiological cofounding factors such as smoking sta-

tus and overweight, but we cannot exclude different immuno-

logical substrata between the two diseases, while no data are

available for the ACH immunological pattern regarding for

instance the activation of the IL-17 pathway.

Our study has some limitations, including its retrospective

nature and the relatively small ACH cohort largely due to the

extreme rarity of this latter pustular disease endotype,4 which

may impact statistical power. Moreover, PPP/ACH severity was

not assessed in our cases by either PPPASI or PPPGA, as these

scores are not validated yet in ACH, and as clinical scores are

currently used/restrained for prospective clinical trials. Finally,

one missing data of interest would be the differential phenotypes

of PPP (i.e. vesicular vs. pustular forms). If the acrosyringium

has been shown to be involved in the PPP vesicle formation,28

mechanisms and triggers (i.e. pyrenes, systemic inflammation,

mechanical stress, microorganisms) behind differential pheno-

types evolution of PPP (vesicular or pustular) vs. ACH are still

unclear. It would be of interest in larger scale and mechanistic

studies to include this data for a better understanding of these

diseases.

Despite these limitations, the robustness of our study assess-

ing characteristics of PPP and ACH is reinforced by its multi-

centric nature, and by the use of recent ERASPEN consensus

criteria. In addition, statistical analysis took into account the

alpha risk inflation, thereby supporting the relevance of this set

of data.

Conclusions
Acral forms of pustular psoriasis are severe and disabling. Our

study confirms the high prevalence of females and smoking in

� 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.

JEADV 2022, 36, 1578–1583

1582 Assan et al.



PPP but also shows a specific association of these parameters in

PPP as compared with ACH. Our study suggests that PPP and

ACH might well be distinct diseases, despite some overlap. Like-

wise, they might not be as mutually different as for GPP and PV,

and prospective phenotype-genotype and multiomics studies are

warranted to better characterize the respective mechanistic sce-

nario operating in each subgroup, opening the realistic perspec-

tive of a new pustular disease taxonomy. A better description of

differential immunogenetic, epigenetic and environmental back-

grounds underlying these two entities, in larger-scale studies,

might help stratify these patients and precision management.
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