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AbsTrACT
Objective igG4-related disease (igG4-RD) is a 
heterogeneous, multiorgan condition of unclear aetiology 
that can cause organ failure. Difficulty recognising 
igG4-RD contributes to diagnostic delays. We sought to 
identify key igG4-RD phenotypes.
Methods We used two cross-sectional studies 
assembled by an international, multispecialty network of 
igG4-RD specialists who submitted 765 cases to derive 
and replicate phenotypic groups. Phenotype groups of 
disease manifestations and key covariate distributions 
across the identified groups were measured using latent 
class analysis.
results in the derivation cohort (n=493), we identified 
four groups with distinct manifestations: Group 1 (31%), 
Pancreato-Hepato-Biliary disease; Group 2 (24%), 
Retroperitoneal Fibrosis and/or aortitis; Group 3 (24%), 
Head and neck-limited disease and Group 4 (22%), 
classic Mikulicz syndrome with systemic involvement. We 
replicated the identification of four phenotype groups in 
the replication cohort. Compared with cases in Groups 
1, 2 and 4, respectively, cases in Group 3 were more 
likely to be female (OR 11.60 (95% Ci 5.39 to 24.98), 
10.35 (95% Ci 4.63 to 23.15) and 9.24 (95% Ci 3.53 
to 24.20)) and asian (OR 6.68 (95% Ci 2.82 to 15.79), 
7.43 (95% Ci 2.97 to 18.56) and 6.27 (95% Ci 2.27 to 
17.29)). Cases in Group 4 had a higher median serum 
igG4 concentration (1170 mg/dl) compared with groups 
1–3 (316, 178 and 445 mg/dl, respectively, p<0.001).
Conclusion We identified four distinctive igG4-RD 
phenotypes according to organ involvement. Being asian 
or female may predispose individuals to head and neck-
limited disease. These phenotypes serve as a framework 
for identifying igG4-RD and studying its aetiology and 
optimal treatment.

InTrOduCTIOn
IgG4-related disease (IgG4-RD) is an immune-me-
diated condition that can affect nearly any organ 
and often presents with multiorgan involve-
ment.1 2 Early recognition and treatment are essen-
tial to minimising irreversible organ damage that 
can result from the disease itself or unnecessary 
surgical intervention.3–6 A challenge to early recog-
nition is the failure to consider the diagnosis, given 
the manifold patterns of organ involvement with 
which IgG4-RD can present.3

Clinicians of all specialties need to be able to 
consider and recognise IgG4-RD in a patient with 
tumefactive or inflammatory lesions. Previous 

cohort studies have catalogued and described the 
common and uncommon manifestations of IgG4-
RD,3 7–9 but patterns of organ involvement remain 
poorly defined. Defining typical patterns of organ 
involvement might identify homogenous groups 
of IgG4-RD, facilitating earlier recognition of the 
condition. Moreover, these groups may offer a 
systematic framework that can be used to clarify 
disease aetiology, identify risk factors and develop 
personalised treatment strategies.10–12

Given the multiorgan nature of IgG4-RD, the 
potential number of groups that may be identified 
is on the order of thousands but most would be 
neither unique nor useful for clinical application or 
research.13 Latent class analysis (LCA) allows one 
to identify a parsimonious number of homogenous 
groups, each composed of individuals who share 
similar observed characteristics that are distinct 

Key messages

What is already known about this subject?
 ► IgG4-related disease (IgG4-RD) can affect 
nearly any organ or anatomic site, particularly 
the salivary glands, pancreato-biliary 
structures, lymph nodes, lungs, kidneys and 
retroperitoneum.

 ► It was initially described in a Japanese 
population but has now been described in all 
racial and ethnic groups.

What does this study add?
 ► This study applies a novel cluster analysis 
method to identify common presentations 
in the largest multicentre cohort of patients 
with IgG4-RD assembled by an international 
collaboration of experts from a variety of 
specialties.

How might this impact on clinical practice or 
future developments?

 ► We identified four distinctive IgG4-RD 
phenotypes according to organ involvement 
which also differed from one another 
demographically and can be used to frame the 
approach to diagnosing and studying IgG4-RD.

 ► Our findings raise the question of potential 
racial and/or environmental factors that 
might influence the risk of certain IgG4-RD 
manifestations and require further study.
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from those defining other groups. To our knowledge, LCA has 
not been previously applied to group patients with heteroge-
neous multiorgan diseases such as IgG4-RD.

We used two cohorts assembled by an international, multispe-
cialty network of investigators to perform an LCA to identify 
distinct phenotypic groups in IgG4-RD.

MeTHOds
study population
IgG4-RD specialists from the Americas, Europe and Asia were 
invited to submit data from cases with either IgG4-RD or a 
mimicker of IgG4-RD to the two cohorts used to derive and vali-
date the 2018 American College of Rheumatology (ACR) and 
European League Against Rheumatism (EULAR) Classification 
Criteria for IgG4-RD.14 Eighty investigators participated in the 
ACR/EULAR Classification Criteria Working Group and were 
invited because of their expertise in IgG4-RD and participation 
in international symposia. Of the 80 investigators, 52 submitted 
IgG4-RD cases. The 52 investigators practiced in Japan, China, 
Australia and 14 countries in the Americas and Europe. There 
were 25 rheumatologists, 13 gastroenterologists, 3 nephrologists 
and 11 investigators from other specialties without apparent 
difference in the distribution of specialties between Asian and 
non-Asian countries. The larger of the two cohorts included 
493 IgG4-RD cases and was used as the primary study popula-
tion (ie, derivation cohort), whereas the smaller one consisted 
of 272 IgG4-RD cases and was used to replicate the results (ie, 
replication cohort). The diagnosis of IgG4-RD was rendered 
according to the judgement of the participating investigators. All 
cases were anonymised. This study was approved by the Partners 
HealthCare Institutional Review Board.

Variables of interest
For each case, investigators submitted details including age (at 
symptom/disease onset and diagnosis), sex, race/ethnicity, organ 
involvement and serum IgG4 concentrations. Time to diagnosis 
was calculated by subtracting the age at symptom onset from age 
at diagnosis, reported in years. In the derivation cohort, investi-
gators reported each case’s serum IgG4 concentration, the asso-
ciated unit of measurement and the upper limit of normal (ULN) 
in the laboratory in which the assay was performed. All serum 
IgG4 concentrations were converted to milligram per decilitre 
(mg/dL). Based on the reported ULN, we created four serum 
IgG4 concentration categories. In the replication cohort, only 
the serum IgG4 concentration category was reported. Based 
on reported race/ethnicity, we dichotomised cases into either 
Asian or non-Asian. We chose to dichotomise race by Asian or 
non-Asian because of differences in organ distribution, serum 
IgG4 concentration elevations and other factors observed when 
comparing Asian and non-Asian cohorts.15 Patients of South 
Asian descent (eg, India, Pakistan; n=14), all of whom resided in 
North America or Europe, were grouped with non-Asian cases.

statistical analysis
We described the characteristics of study patients overall and 
according to sex and race (Asian vs non-Asian). For contin-
uous covariates, summary statistics were reported as mean 
and SD or median and IQR, where appropriate. Proportions 
were compared using the Chi square test and continuous vari-
ables were compared using the Student’s t test or the Wilcoxon 
rank-sum test, as appropriate.

We performed a LCA using SAS procedure PROC LCA to 
classify subjects into mutually exclusive groups based on their 

clinical manifestations of IgG4-RD.16 Twenty-eight potential 
manifestations (online supplementary table 1), each representing 
different organs or anatomic sites (eg, submandibular gland, 
pancreas), were used as categorical variables to identify groups 
(eg, latent classes).

We began by fitting models with potential solutions ranging 
from 2 to 5 groups in the primary study cohort. Of the models 
that ranged in size from 2 to 5 groups, we chose the best fit 
model based on the lowest Akaike information criteria (AIC) 
and adjusted Bayesian information criterion (BIC). When five or 
more groups were fit in the model, the AIC and BIC continued to 
increase. The probability of group membership for each patient 
was obtained from the LCA model and each patient was assigned 
to the group in which he or she had the highest probability of 
membership.16

We then incorporated a set of key covariates (ie, sex, race, age 
at diagnosis, time to diagnosis and serum IgG4 concentration) 
into the model with the best fit. These covariates were chosen 
based on a priori knowledge of IgG4-RD and prior studies.3 The 
distribution of organ involvement in each group is reported as a 
probability. We labelled each group with a descriptive term based 
on the common manifestation(s) present in each group and the 
distribution of organ involvement within each group. We exam-
ined the relation of each covariate to the odds of belonging 
to a specific group using multivariable logistic regression. We 
performed a sensitivity analysis in which we only included 
cases that fulfilled the proposed 2018 ACR/EULAR Classifica-
tion Criteria.14 We applied the same approach described above 
in our replication cohort to determine the optimal number of 
groups, manifestations characteristic of each group and associ-
ations between covariates and group membership. We used SAS 
9.3 (SAS Institute, Cary, North Carolina, USA) for all analyses. A 
two-sided p<0.05 was assumed to be significant for all analyses.

resulTs
Of the 493 cases in the primary cohort, 322 (65.3%) were male 
and 285 (57.8%) were non-Asian with 198 (40.2%) Caucasians 
(table 1). Rheumatologists submitted 193 (39%) of these cases, 
90 from Asian countries and 103 from non-Asian countries. 
The mean (SD) ages at symptom onset and diagnosis were 57.7 
(14.5) years and 59.5 (14.0) years, respectively, resulting in a 
mean (SD) time to diagnosis of 1.8 (3.4) years. The character-
istics of the replication cohort (n=272) were similar (online 
supplementary table 3).

An elevated serum IgG4 concentration was reported in 388 
(78.7%) cases (table 1). The mean (SD) number of organs affected 
in each case was 2.9 (1.8). The most commonly affected organs 
were in the pancreato-hepato-biliary system (235, 47.7%), 
followed by involvement of the salivary glands (186, 37.7%). 
At least one biopsy was performed in 425 (85.4%) cases, but the 
classically described histological feature of storiform fibrosis was 
reported in only 195 (39.6%) cases. Male patients were older 
(mean (SD)) at the time of symptom onset (59.9 (14.3) vs 53.4 
(14.0) years; p<0.001) and diagnosis (61.7 (13.8) vs 55.4 (13.5) 
years; p<0.001) than female patients and were less likely to have 
head and neck disease (46.9% vs 65.5%, p<0.001) but more 
likely to have retroperitoneal fibrosis (RPF) (19.3% vs 9.4%, 
p=0.004) (table 1).

Asian patients were older (mean (SD)) at symptom onset (61.2 
(13.2) years vs 55.1 (14.9) years, p<0.001) and diagnosis (62.6 
(12.8) years vs 57.2 (14.4) years, p<0.001), had a higher base-
line median (IQR) serum IgG4 concentration (666 (321-1,230) 
mg/dL vs 240.5 (100-505) mg/dL, p<0.001) and more often had 
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Table 1 Demographic features overall and by sex and race (derivation cohort)

sex race

 All (n=493) Male (n=322) Female (n=171) Asian (n=208) non-Asian (n=285)

Age at symptom onset (years, mean, SD) 57.7 (14.5) 59.9 (14.3) 53.4 (14.0) 61.2 (13.2) 55.1 (14.9)

  Age at diagnosis 59.5 (14.0) 61.7 (13.8) 55.4 (13.5) 62.6 (12.8) 57.2 (14.4)

  Time to diagnosis 1.8 (3.4) 1.7 (3.6) 2.0 (2.9) 1.4 (2.7) 2.2 (3.7)

Male (n,%) 322 (65.3%) – – 126 (60.6%) 196 (68.7%)

Race 

  Caucasian 198 (40.2%) 144 (44.7%) 54 (31.6%) – 198 (69.5%)

  Asian* 208 (42.2%) 126 (39.1%) 82 (47.9%) 208 (42%) –

    Asian, not otherwise specified 48 (9.7%) 34 (10.6%) 14 (8.2%) 48 (9.7%) –

    Japanese 105 (21.3%) 61 (18.9%) 44 (25.7%) 105 (21.3%) –

    Chinese 53 (10.8%) 29 (9.0%) 24 (14.0%) 53 (10.8%) –

  Latino/Hispanic 58 (11.8%) 32 (9.9%) 26 (15.2%) – 58 (20.4%)

  South Asian 14 (2.8%) 10 (1.1%) 4 (2.3%) – 14 (4.9%)

  Black 9 (1.8%) 8 (2.5%) 5 (2.9%) – 9 (3.2%)

  Other 6 (1.2%) 2 (0.6%) 0 (0%) – 6 (2.1%)

IgG4 concentration (mg/dL, median, IQR) 342.5 (160–870) 382 (177–870) 302 (124–866) 666 (321–1230) 240.5 (100–505)

  Not checked 15 (3.0%) 13 (4.0%) 2 (1.2%) 0 (0%) 15 (5.3%)

  Normal 90 (18.3%) 49 (15.2%) 41 (24.0%) 17 (8.2%) 73 (25.6%)

  >Normal < 2×ULN 83 (16.8%) 54 (16.8%) 29 (17.0%) 24 (11.5%) 59 (20.7%)

  >2×Normal <5×ULN 149 (30.2%) 98 (30.4%) 51 (29.8%) 67 (32.2%) 82 (28.8%)

  >5×ULN 156 (31.6%) 108 (33.5%) 48 (28.1%) 100 (48.1%) 56 (19.6%)

Biopsy performed 421 (85.4%) 267 (82.9%) 154 (90.1%) 188 (90.4%) 233 (81.8%)

  Obliterative phlebitis 91 (18.5%) 55 (17.1%) 36 (21.1%) 19 (9.1%) 72 (25.3%)

  Storiform fibrosis 195 (39.6%) 126 (39.1%) 69 (40.4%) 57 (27.4%) 138 (48.4%)

Number of organs affected (mean, SD) 2.9 (1.8) 2.9 (1.9) 2.8 (1.6) 2.9 (1.5) 2.9 (1.9)

  Single organ 120 (24.3%) 75 (23.3%) 45 (26.3%) 33 (15.9%) 87 (30.5%)

  Multiorgan (≥2 organs) 373 (75.6%) 247 (76.7%) 126 (73.7%) 175 (84.1%) 198 (69.5%)

  Head and Neck 263 (53.3%) 151 (46.9%) 112 (65.5%) 141 (67.8%) 122 (42.8%)

    Salivary gland 186 (37.7%) 110 (34.2%) 76 (44.4%) 109 (52%) 77 (27.0%)

    Orbital 32 (6.5%) 15 (4.7%) 17 (9.9%) 8 (3.9%) 24 (8.4%)

    Extraocular muscle 20 (4.1%) 6 (1.9%) 14 (8.2%) 5 (2.4%) 15 (5.3%)

    Lacrimal gland 128 (26.0%) 61 (18.9%) 67 (39.2%) 80 (38.5%) 48 (16.8%)

  Pancreato-hepatobiliary 235 (47.7%) 178 (55.3%) 57 (33.3%) 88 (42.3%) 147 (51.6%)

  Pulmonary 70 (14.2%) 51 (15.8%) 19 (11.1%) 30 (14.4%) 40 (14.0%)

  Aorta 51 (10.3%) 38 (11.8%) 13 (7.6%) 20 (9.6%) 31 (11.0%)

  Retroperitoneum 78 (15.8%) 62 (19.3%) 16 (9.4%) 28 (13.5%) 50 (17.5%)

  Renal 77 (15.6%) 58 (18.0%) 19 (11.1%) 34 (16.3%) 43 (15.1%)

*Two patients (0.4%) were Korean, both were male.
ULN, upper limit of normal.

head and neck disease (67.8% vs 42.8%, p<0.001) (table 1). Of 
note, there was a shorter time to diagnosis (mean (SD)) among 
Asian patients compared with non-Asian patients (1.4 (2.7) vs 
2.2 (3.7) years, p=0.01). Similar differences were observed in 
the replication cohort according to sex and race (online supple-
mentary table 2).

determination of phenotype groups
After fitting candidate cluster models (2-5 groups), we found 
that the four-group model had the best fit statistics and aligned 
with clinical experience (online supplementary table 3). The four 
groups were distinguished from one another by the distribution 
of organ involvement; the average posterior probability of group 
membership ranged from 90% to 93%, indicating mutually 
exclusive group assignment (table 2 and figure 1).

Group 1 (n=149, 31%) was characterised by pancreato-hepa-
tobiliary disease, whereas Group 2 (n=114, 24%) was character-
ised by RPF and/or aortitis involvement. Group 3 (n=115, 24%) 

was characterised by disease generally limited to the head and 
neck structures in a pattern of incomplete Mikulicz syndrome. 
The probability of parotid gland involvement was only 22% in 
Group 3. Group 4 (n=100, 22%) was characterised by head and 
neck disease in a pattern more consistent with Mikulicz syndrome 
along with extraglandular, systemic involvement. In contrast to 
Group 3, the probability of parotid gland involvement was 49% 
in Group 4. In addition, there was a 22% probability of orbital 
disease in Group 3 but <1% probability in Group 4. The mean 
(SD) number of organs affected was significantly larger in Group 
4 (5.2 (1.9)) than in others (2.1 (1.1), 2.1 (1.2) and 2.7 (1.4) for 
Groups 1–3, respectively, p<0.001).

The distribution of key covariates according to group member-
ship and associations between them are shown in (tables 3 and 
4). Compared with Group 3 (Head and Neck-Limited) in which 
76% were female, Group 1 (Pancreato-Hepato-Biliary), Group 
2 (RPF/Aorta) and Group 4 (Mikulicz and Systemic) had a low 
proportion of female patients (21%, 26% and 22%, respectively). 
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Table 2 Phenotypic groups of IgG4-RD (derivation cohort)*

Variables used to identify groups†

Group 1
‘Pancreato-Hepato-
biliary’ (%)

Group 2
‘retroperitoneum and 
Aorta’ (%)

Group 3
‘Head and neck-
limited’ (%)

Group 4
‘Mikulicz and systemic’ 
(%) P value

  Pancreas 87 12 15 46 <0.001

  Liver 13 1 2 5 <0.001

  Biliary 55 <1 <1 27 <0.001

  Orbital <1 3 22 <1 <0.001

  Extraocular muscle <1 1 13 4 <0.001

  Sinusitis 3 <1 17 16 <0.001

  Parotid gland 2 1 22 49 <0.001

  Submandibular gland 15 5 50 77 <0.001

  Lacrimal gland 3 3 60 48 <0.001

  Renal 11 13 5 36 <0.001

  Lung 2 15 7 39 <0.001

  Lymph node 15 25 29 67 <0.001

  Prostate 1 <1 <1 14 <0.001

  Thoracic aorta 1 10 1 3 <0.001

  Abdominal aorta 3 22 <1 13 <0.001

  Retroperitoneum 4 53 2 8 <0.001

Proportion of cohort 31 24 24 22

Average probability (Mean) 93 92 90 90

*Only cases (n=478) with complete covariate data are included in the latent class analysis with covariates.
†All percentages are probabilities that the manifestation occurs in that group, conditional on latent class membership (eg, totals will not equal 100%).
IgG4-RD, IgG4-related disease.

Figure 1 Distribution of organ involvement in each group (% of overall cohort). EOM, extraocular muscle; Lad, lymphadenopathy.

The adjusted ORs for female patients being in Group 3 vs 
Groups 1, 2 and 4 were 11.6 (95% CI 5.4 to 25.0), 10.4 (95% 
CI 4.6 to 23.2) and 9.2 (95% CI 3.5 to 24.2), respectively. The 
distribution of race/ethnicity also differed across groups. Propor-
tions of Asian patients in Groups 3 (67%) and 4 (52%) were 
much higher than in Groups 1 (37%) and 2 (25%). The adjusted 
ORs for Asians being in Group 3 vs Groups 1, 2 and 4 were 6.7 
(95% CI 2.8 to 15.8), 7.4 (95% CI 3.0 to 18.6) and 6.3 (95% 
CI 2.3 to 17.3), respectively (table 4). Mean age at diagnosis was 
younger in Groups 3 than in the other three clusters (p<0.001) 

but patients in Group 3 tended to have a longer time to diagnosis 
than those in Groups 1 and 2 (p<0.001), respectively.

Serum IgG4 concentrations also differed across the four 
groups. Patients in Group 4 (Mikulicz and Systemic) had the 
highest serum IgG4 concentrations (median (IQR) 1170 (520-
2178) mg/dL), followed by Group 3 (Head and Neck-Limited; 
445 (183–888) mg/dL) and Group 1 (Pancreato-Hepato-Bil-
iary; 316 (147–622) mg/dL); those in Group 2 (RPF/Aorta) had 
the lowest serum IgG4 concentrations (178 (63–322) mg/dL). 
Compared with Group 2, for every 100 mg/dL increase in the 
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Table 3 Demographics and key covariates according to IgG4-RD phenotype groups (derivation cohort)

Covariate
Group 1
‘Pancreato-Hepato-biliary’

Group 2
‘retroperitoneum and 
Aorta’

Group 3
‘Head and neck-limited’

Group 4
‘Mikulicz and systemic’

Female (%) 21% 25% 76% 22%

Asian (%) 37% 25% 67% 52%

Age at diagnosis (year, mean, SD) 63 (13) 58 (16) 55 (13) 63 (13)

Time to diagnosis (year, mean, SD) 0.9 (1.8) 1.8 (4.0) 2.3 (3.4) 2.0 (3.6)

Serum IgG4 concentration (mg/dL, median, IQR) 316 (147–622) 178 (63–322) 445 (183–888) 1170 (520–2178)

Table 4 Multivariable logistic regression (adjusted OR, 95% CI) evaluating the odds of belonging to the Head and Neck-Limited group based on 
selected covariates (derivation cohort)

Covariate
‘Head and neck-limited’ versus 
‘Pancreato-Hepato-biliary’

‘Head and neck-limited’ versus 
‘retroperitoneum and Aorta’

‘Head and neck-limited’ versus 
‘Mikulicz and systemic’

Female 11.60 (5.39 to 24.98) 10.35 (4.63 to 23.15) 9.24 (3.53 to 24.20)

Asian 6.68 (2.82 to 15.79) 7.43 (2.97 to 18.56) 6.27 (2.27 to 17.29)

Age at diagnosis (per 5 years) 0.78 (0.67 to 0.89) 0.85 (0.74 to 0.98) 0.80 (0.68 to 0.95)

Time to diagnosis (per year) 1.41 (1.19 to 1.66) 1.14 (1.04 to 1.26) 1.12 (0.99 to 1.25)

Serum IgG4 concentration (per 100 mg/dL) 1.03 (0.96 to 1.11) 1.20 (1.05 to 1.36) 0.90 (0.84 to 0.96)

IgG4-RD, IgG4-related disease.

serum IgG4 concentration, the adjusted OR of being in Group 
3 was 1.2 (95% CI 1.1 to 1.4). In contrast, compared with 
Group 4, the adjusted OR of being in Group 3 was 0.9 (95% CI 
0.84 to 0.96) for every 100 mg/dL increase in the serum IgG4 
concentration.

In a sensitivity analysis, that included only cases that fulfilled 
the proposed 2018 ACR/EULAR Classification Criteria (86% in 
Group 1, 77% in Group 2, 84% in Group 3 and 84% in Group 
4), our results did not change materially.14

Using the replication cohort (online supplementary table 
2), we identified four phenotypic groups with the same organ 
distribution characteristics (online supplementary table 5) as 
those identified using the derivation cohort. As in the deri-
vation cohort, female and Asian patients tended to be in the 
groups characterised by head and neck disease; the Mikulicz 
and Systemic Group had the highest serum IgG4 concentrations 
(online supplementary tables 6 and 7).

dIsCussIOn
Multiorgan diseases such as IgG4-RD pose challenges in aeti-
ological understanding, in part because of their heterogeneous 
manifestations. Using an unbiased approach— latent class anal-
ysis (LCA)—that identifies groups sharing common features, 
we characterised four common phenotypes of IgG4-RD based 
on organ involvement patterns. The groups identified in this 
manner also differed significantly from one another by age, sex, 
race, serum IgG4 concentration and time to diagnosis.

Our results suggest that cases of Asian descent are particu-
larly predisposed to developing IgG4-RD complications in the 
head and neck region and have a predilection for disease limited 
to this region. In contrast, non-Asian cases—predominantly 
Caucasians—have a greater predilection for pancreato-hepatobi-
liary disease and/or retroperitoneal and aorta disease compared 
with Asian patients. It is noteworthy that the first recognition 
of pancreato-hepatobiliary disease associated with IgG4-RD 
occurred in Japan.17 Our findings are the first to imply that the 
distribution of organs affected by IgG4-RD differs between Asian 
and non-Asian cases. Differences observed in variables such as 
race, age and serum IgG4 concentrations across groups suggest 

that genetic or environmental risk factors may differ across 
groups and, perhaps, among Asian and non-Asian patients. 
Given the similar distribution of subspecialists among investi-
gators in this study practicing in Asian and non-Asian countries, 
the observed differences are unlikely to be the result of detection 
or selection biases.

Our observation of race as a potential risk factor for certain 
IgG4-RD manifestations adds to a growing body of literature 
describing potential IgG4-RD risk factors, including tobacco 
and asbestos exposure,18 19 atopic disease20–22 and a history 
of malignancy,23 which may also differ across clusters. For 
instance, a prior study found that tobacco and asbestos expo-
sure were risk factors for ‘idiopathic’ RPF, a common IgG4-RD 
manifestation which tended to be present in Group 2.18 More-
over, our group has identified associations between atopic 
phenotypes and head and neck manifestations22 as well as an 
increased flare risk.21 Future studies should evaluate whether 
certain phenotypes are more likely to have atopic phenotypes 
or other comorbidities.

This multicentre study confirms the findings of earlier, single-
centre studies that cases with multiorgan disease (eg, Group 
4) often have higher serum IgG4 concentrations,3 7 whereas 
RPF cases (eg, Group 2) generally have lower concentrations.3 
Although previous studies have suggested that female patients are 
more likely to have head and neck disease, our findings specify 
that females tend to have disease limited to the head and neck 
rather than systemic disease with head and neck manifestations.7

Time to diagnosis varied across the groups but tended to be 
long, underscoring the persistent challenges in diagnosing IgG4-
RD. The interval between symptom onset and receipt of the 
IgG4-RD diagnosis was nearly 2 years overall but varied from 
approximately 1 year in Group 1 (Pancreato-Hepato-Biliary) 
to over 2 years in Groups 3 (Head and Neck-Limited) and 4 
(Mikulicz and Systemic). Facilitating early diagnosis is critical: 
the observed association between a group with greater number 
of organs affected and a longer diagnostic delay suggests that 
diagnostic delays permit the accrual of additional organ involve-
ment, heightening the risk of permanent organ damage (eg, 
pancreatic insufficiency, renal failure).3–6
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The longer time to diagnoses observed in some groups is 
likely multifactorial in nature. First, important knowledge defi-
cits regarding the existence of this condition—recognised only 
within the last 15 years—persist among medical practitioners. 
Second, for many manifestations, existing criteria that define 
IgG4-RD are weighted heavily to serum IgG4 concentrations and 
the presence of certain pathology findings.24 The forthcoming 
ACR/EULAR Classification Criteria emphasise the importance 
of clinical and radiological features as well as serological and 
pathological findings. These criteria will facilitate the identifica-
tion of patients appropriate for study but will also orient diag-
nostic thinking in a more expansive way.

Our findings suggest other steps that may optimise IgG4-RD 
patient care. The association between higher IgG4 concentra-
tions and more extensive disease (eg, Group 4) suggests that 
in cases with high IgG4 concentrations, one should carefully 
review the case’s history, perform a full physical examination, 
and consider advanced imaging (eg, CT) to identify other organ 
involvement when disease seems isolated to a single organ.

Our study has several strengths. We used an unbiased approach 
to analyse two of the largest IgG4-RD cohorts representing a 
wide disease spectrum assembled through an international 
collaboration of experts from a variety of specialties. Investiga-
tors were encouraged to include all cases that they considered 
to have IgG4-RD, regardless of whether the case fulfilled previ-
ously published diagnostic or classification criteria. Moreover, 
we replicated the four phenotypes and other observations identi-
fied from one cohort in the second cohort, indicating the robust-
ness of our results.

Despite these strengths, our study has certain limitations. 
First, some manifestations known to occur infrequently (eg, 
hypophysitis) were rarely reported in this cohort, limiting our 
ability to describe their distribution across the groups. Second, 
this was a cross-sectional study in which cases were reported for 
the purposes of validating IgG4-RD classification criteria. Thus, 
the assessment of cases was not standardised such that the use of 
advanced imaging and certain laboratory tests likely varied by 
investigator. Moreover, we cannot rule out the potential effect 
of selection bias on our findings regarding race. However, there 
was no difference in the distribution of subspecialists between 
Asian and non-Asian countries, we encouraged investigators to 
submit all cases which they considered to be IgG4-RD regard-
less of whether they had fulfilled previous criteria, our findings 
remained unchanged when we limited our analysis to cases 
fulfilling the proposed ACR/EULAR Classification Criteria;, 
and there was no difference in the distribution of diagnostic 
confidence between investigators from Asian and non-Asian 
countries. Third, we had few cases of Asian descent evaluated 
in non-Asian countries so we are unable to meaningfully discern 
the relative impact of environment as opposed to race on our 
findings. Fourth, participation by investigators with expertise 
in IgG4-RD at academic centres may limit the generalisability 
of our findings. However, this is a relatively rare disease that 
is often diagnosed and/or managed by clinicians like those who 
participated in this study. We therefore suspect that we captured 
the wide range of disease likely to be encountered by physicians 
in a variety of settings. Fifth, while we replicated the pheno-
types observed in our derivation cohort, the small sample size of 
our replication cohort limited our ability to detect some of the 
differences observed in multivariable analyses of the derivation 
cohort.

In conclusion, we have described four distinctive phenotypes 
of IgG4-RD according to the distribution of organ involvement. 
In addition to differences in organ involvement, these groups 

also differed by race, age, time to diagnosis, sex and serum IgG4 
concentration. Differences in genetic and environmental risk 
factors associated with each group may explain these observa-
tions. These phenotypes may be used by clinicians to improve 
recognition of IgG4-RD. These findings form the basis of further 
investigations designed to understand these factors in greater 
detail.
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