Received: 27 January 2020 Revised: 17 March 2020

Accepted: 23 March 2020

™

DOI: 10.1111/all.14294

LETTER TO THE EDITOR

WILEY

The validity of the Canadian clinical scores for occupational

asthma in European populations

To the Editor

In industrialized and developing countries, occupational asthma
(OA) is one of the most common chronic occupational respiratory
diseases.»? Worldwide, especially in developing countries, OA re-
mains under-recognized and poorly diagnosed.?

Based on available resources, diagnostic tests are used in a step-
wise approach starting with a detailed medical and occupational
history; assessment of nonspecific bronchial hyperresponsiveness
(NSBHR); and immunological sensitization with skin-prick tests (SPT)
or specific immunoglobulin E to workplace agent when available.®
The second step includes serial assessments of NSBHR and peak ex-
piratory flow at work and off-work, or specific inhalation challenge
(SIC). As the reference test for diagnosing OA, SIC is only available
in a few centers around the world. Therefore, Suarthana and col-
leagues developed non-SIC-based diagnostic models for OA using
Quebec data of 160 symptomatic subjects who completed an SIC
procedure (ie, development set).* These subjects were exposed to
high-molecular-weight (HMW) protein agents such as flour, labora-
tory animal allergens, and latex. OA was defined as a positive SIC,
namely a sustained fall in forced expiratory volume in one second
(FEV,) >20% from baseline value after exposure to the suspected
occupational agent.®

Multivariable analysis with backward stepwise selection, using
Akaike inclusion criterion of P-value < .157,° was performed to de-
velop the clinical interview model, and subsequently, objective tests
were added. The accuracy of the model was quantified using cali-
bration and discrimination measures.” Calibration is the agreement
between predicted probabilities and observed proportions of each
outcome. It was evaluated with a Brier score (ie, the squared differ-
ence between predicted probability and actual binary outcome). A
perfect model has a Brier score of 0. Discrimination was determined
with the area under the receiver operating characteristic curve
(AUC), which represents the probability of how well the model could
correctly differentiate individuals with vs. without the outcome.
AUC can range from 0.5 (no discrimination) to 1.0 (perfect discrimi-
nation: 100% sensitivity and 100% specificity).

The final predictive model included age (>40 vs. <40 years); agent
type (flour vs. other HMW agents); the presence of work-related rhi-
noconjunctivitis (yes/no); inhaled corticosteroid use (yes/no); posi-
tive SPT reaction to the specific occupational agent(s) (yes/no); and

the presence of NSBHR (defined as the provocative concentration

of histamine/methacholine causing a 20% decrease in FEV, (PC,.)
<16 mg/mL). This final model demonstrated a good accuracy and
internal validity. To facilitate its use, it was transformed into clini-
cal scores equipped with the corresponding predicted probability of
OA.* Sum scores = 150 with a corresponding predicted probability
of OA > 0.25 were recommended for referral cutoff with a sensitivity
of 96%, specificity 59%, positive predicted value 72%, and negative
predicted value 94% .4 It is now available as a free app on Calculate
by QxMD at: https://gxcalc.app.link/occ-asthma-hmw. In this study,
we externally validated this model to evaluate its generalizability so
that it could be used in practice with confidence.”

Databases from five centers in four European countries were
used. As done in model development, only subjects who were ex-
posed to HMW agents and were still at their workplace or exposed
to the suspected agent(s) at work within one month prior to SIC test
were included in the analysis. A total of 473 subjects met these cri-
teria: Belgium, n = 164; Finland, n = 112; Poland, n = 156; and Spain,
n = 41 (ie, validation set) as described in Appendix S1. In all European
centers, the study was approved by the research ethics commit-
tee and the SIC protocol complied with the European Respiratory
Society recommendations.® The level of NSBHR was assessed using
validated methods.”*°

Among subjects exposed to HMW agents who were referred
for the investigation of possible OA, the prevalence of positive SIC
was 52.5% in Canadian data and 57.5% in European data (Table 1).
Among OA cases, the proportions of males, atopy, exposure to flour,
and NSBHR in the European population were significantly (P < .05)
lower than the Canadian population. In contrast, the European work-
ers had significantly (P < .05) longer work duration and higher per-
centage of workers with work-related rhinoconjunctivitis than the
Canadians. Nevertheless, in both populations, male subjects with
younger age and exposure to flour consistently had higher likelihood
of having OA.

To externally validate the model,” first, we calculated individual
probabilities in European data using the equation from the Canadian
model without any adjustments (no update method). In Table 2, the
model demonstrated good discrimination in European data although
lower than in Canadian (AUC 0.83 vs. 0.89, respectively). The Brier
score was also higher in European data (0.171 vs. 0.121), but the
model was still informative (ie, the maximum score for a noninforma-

tive model in a population with a 57.5% prevalence of OA was 0.24).
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TABLE 1 Distribution and association between the predictors and occupational asthma in the development (Canadian) and validation

(European) datasets

Development set (Canadian)

Validation set (European)

OA/Non-OA (%)

Number 84/76

SIC (OA) 52.5/47.5

Sex (male) 75.0/38.2

Ever smoker 35.7/32.9

Duration of lower respiratory 51.3/48.7
symptoms > 5y

Duration of exposure > 10y 48.1/51.9

Atopy to common allergen(s) 91.6/79.5

Low predicted FEV1 < 80% 21.4/17.1

Predictors in the model

Age <40y 61.9/47.4

Presence of work-related 27.4/13.2
rhinoconjunctivitis

Inhaled corticosteroid usage 63.1/51.3

Agent type: flour and associated agents ~ 73.8/30.3

SPT-based sensitization to work-specific  93.8/41.3
agents

NSBHR 92.9/57.9

OR (95% ClI) OA/Non-OA (%) OR (95% ClI)

272/201 -

57.5/42.5
4.9 (2.5-9.6) 56.6/51.2 1.2(0.9-1.8)
1.3(0.6-2.7) 38.0/44.8 0.8(0.5-1.1)
0.8 (0.4-1.6) 34.1/39.9 0.8(0.5-1.1)
0.7 (0.4-1.2) 67.5/76.4 0.6 (0.4-1.0)
2.8(1.1-7.3) 61.9/43.5 2.1(1.4-3.1)
1.3(0.6-2.9) 19.5/13.9 1.5(0.9-2.5)
1.8 (1.0-3.4) 56.3/43.3 1.7 (1.2-2.4)
2.5(1.1-5.7) 90.2/71.6 4.1(2.4-6.9)
1.6 (0.7-3.1) 64.1/46.2 2.1(1.4-3.1)
6.5(3.3-13.0) 48.2/34.8 1.8(1.2-2.5)
21.3(7.6-60.1) 88.9/36.0 14.2

(8.7-23.2)

9.5(3.7-24.4) 79.8/43.0 5.2(3.5-8.0)

Note: The results are presented in complete cases; therefore, there is no missing in data.

Abbreviations: Cl, confidence interval; NSBHR, nonspecific bronchial hyperresponsiveness; SPT, skin-prick test.

TABLE 2 Overall performance and discriminative ability of the Canadian models for high-molecular-weight-induced occupational asthma

in European data

Validation set (European)

Recalibration of intercept Refitting method

Development set (Canadian) No update method
AUC (95% ClI) Brier score AUC (95% CI) Brier score
0.89 (0.85-0.94) 0.121 0.83(0.79-0.87) 0.171

AUC (95%
AUC (95% Cl) Brier score Cl) Brier score
0.83(0.79-0.86) 0.168 0.83(0.79to 0.154
0.87)

Abbreviations: AUC, the area under the receiver operating characteristic curve; Cl, confidence interval.

Second, we recalibrated the intercept of the model. Finally, the in-
tercept and coefficients were re-estimated (refitting method). Both
methods did not improve the discriminative ability of the model: The
AUC remained the same, although the Brier score slightly improved.

We are aware that SIC is subject to false-negative results due
to imprecise techniques, exposure to unknown or multiple agents,
and the absence of specific BHR when workers are off-work for a
prolonged period. However, SIC is currently considered as a refer-
ence test for OA,® and therefore, we used positive SIC as our OA
definition. Our analysis was restricted to subjects who were still at
their workplace or exposed at work within one month prior to SIC
test. Moreover, technical errors causing false-negative results were

less likely to have occurred, since all centers where data were derived

to develop and validate the models were specialized centers for SIC
with highly qualified trained staff.

In conclusion, we validated the Canadian non-SIC model specific
for HMW-induced OA with a high accuracy in European data. The
model could facilitate the quantification of individuals’ probability
of OA by specialists who have access to specific sensitization and
nonspecific bronchial challenge tests. It may help clinicians deter-
mine which subjects should be referred to tertiary centers for more
specialized investigations. Nevertheless, separate models should be
developed for subjects exposed to low-molecular-weight agents and
subjects who were no longer exposed to the offending workplace
exposure, which represent a large portion of those referred for diag-

nostic investigation.
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Supplementary Material

Clinical and Exposure Characteristics

Among subjects exposed to HMW agents who were referred for the investigation of possible
OA, the prevaence of positive SIC was 57.5% in al European data, but varied from 34.6% in
Poland, 64.3% in Finland, 70.1% in Belgium, to 75.6% in Spain (Supplementary Table 1). Data
were missing for inhaled corticosteroid use in 10.6%, specific sensitization in 4.9%, and NSBHR
in 4.2% of the 473 subjects. The characteristics of those with and without missing data were
comparable.

The proportion of males among OA cases was 56.6% in al European data, with the
lowest (43.1%) in Finland and the highest in Poland (77.8%). In all European data, subjects aged
40-years or younger made up 56.3% of OA cases and had almost 2-fold higher risk of OA
compared to older subjects (OR 1.7, 95% Cl 1.2.to 2.4); work-related rhinoconjunctivitis
symptoms were found in 90.2% of OA cases with an OR of 4.1 (2.4 to 6.9); 64.1% of OA cases
used inhaled corticosteroids; 48.2% were exposed to flour and associated agents; 88.9% had
specific sensitization; and 79.8% had NSBHR. These clinical and exposure characteristics aso

varied across the centers.

Missing data

Twenty multiple imputations with the linear regression method was used to handle missing data
using R (mice package) and, no interactions were included. Analyses were performed with IBM
SPSS Statistics for Windows, Version 25.0 (IBM Corp), S-Plus 6 for Windows (Insightful Corp),

and R-Studio Version 3.4.4 (the R Foundation).



Supplementary Table 1. Distribution and association between the predictors and
occupational asthmain the development (Canadian) and validation (European) datasets

Development

Validation Set

Set
Canada Belgium Finland Poland* Spain All European
OA/N | OR OA/No | OR OA/No | OR OA/N | OR OA/N | OR OA/N | OR
on- (95% n-OA (95% | n-OA (95% on- (95% on- (95% | on- (95%
OA cl) (%) cl) (%) Cl) OA Cl) OA Cl) OA cl)
(%) (%) (%) (%)
84/76 115/49 | - 72/40 - 54/10 | - 3110 | - 27212 | -
Number
2 01
SIC (OA) 52.5/4 70.1/29 | - 64.3/35 | - 34.6/6 | - 75.6/2 | - 57.5/4
7.5 9 v 54 4.4 25
Sex (male) 75.03 | 49 51.3/40 | 1.5 43.1/52 | 0.7 77.8/5 | 2.8 71.0/5 | 24 56.6/5 | 1.2
8.2 (25 | .8 (08 | 5 (03 |59 (13- 0.0 (06- |12 (0.9-
9.6) 3.0) 1.5) 5.9) 10.5) 1.8)
Agesd4Oyears | 61.9/4 | 1.8 67.8/65 | 1.1 52.8/35 | 2.1 37.0/3 | 1.3 54.8/9 | 0.1 56.3/4 | 1.7
74 (1.0- 3 (05 |.0 (0.9- 14 (0.6- 0.0 (0.01- |33 (1.2-
3.4) 2.3) 4.6) 2.6) 1.2) 2.4)
Ever smoker 35.7/3 | 1.3 29.6/49 | 0.4 36.1/55 | 0.5 38.9/3 |16 51.8/4 | 1.6 38.0/4 | 0.8
2.9 ©06- |.0 (02- | .0 (02- |04 (0.8- 00" | (@04 |48 | (05
2.7) 0.9) 1.0) 3.3) 7.0) 1.1)
Presence of 27.4/1 | 25 93.0/75 | 4.3 86.1/82 | 1.3 94.4/6 | 9.8 90.3/9 | 1.0 90.2/7 | 41
work-related 3.2 (1.1- 5 (16- | .5 (0.5 3.7 (2.8- 0.0 (01- |16 (2.4
r hinoconjuncti 5.7) 11.4) 3.8) 33.1) 11.3) 6.9)
vitis
Duration of 51.3/4 | 0.8 37.2/19 | 25 25.0/25 | 1.0 40.7/5 | 0.5 32.3/3 | 0.9 34.1/3 | 0.8




lower 8.7 (0.4- 12 (11- [ .0 (04- |59 (0.3- 33 (02- [99° [ (05-
respiratory 1.6) 5.7) 2.4) 1.1) 4.6) 1.1)
symptoms >5
years
Inhaled 63.1/5 | 1.6 50.6/55 | 0.8 65.3/75 | 0.6 88.9/2 | 19.2 53.3/7 | 0.5 64.1/4 | 2.1
corticosteroid | 1.3 (0.7- 9 (04- | .0 (03- |94 (7.4- 0.0 (01- | 6.2° (1.4-
usage 3.1) 1.8) 1.5) 49.6) 2.3) 3.1)
Duration of 48.1/5 | 0.7 64.9/50 | 1.8 52.8/72 | 0.4 90.7/9 | 0.8 71.0/5 | 2.0 67.5/7 | 0.6
exposure>10 | 1.9 (0.4- 0° (09- | 5 (02- |22 (0.3- 56 | (04 |64% | (04-
years 1.2) 3.7) 1.0) 2.7) 9.0) 1.0)
Agent type: 73.8/3 | 65 43.5/46 | 0.9 44.4/25 | 2.4 46.3/3 | 1.9 77.4/5 | 3.4 48.2/3 | 1.8
flour and 0.3 (3.3 9 (04- | 0 (1.0- |14 (0.9- 0.0 (0.8 |48 (1.2-
associated 13.0) 1.7) 5.6) 3.7) 15.3) 2.5)
agents
Atopy to 91.6/7 | 2.8 68.7/67 | 1.1 52.1/42 | 1.5 55.6/3 | 2.9 70.0/6 | 1.2 6194 | 2.1
common 9.5 (1.1- 3 (05 | 5° (0.7- |04 (1.5 6.7 (0.2- |35 (1.4-
allergen(s) 7.3) 2.2) 3.2) 5.7) 5.7) 3.1)
Sensitization to | 93.8/4 | 21.3 93.6/38 | 231 | 90.1/71 | 37 72.212 | 10.0 100/6 | - 88.9/3 | 14.2
work-specific | 1.3 (7.6- 6 8.7 | .Af (13- |06 (4.7- 0.0" 6.0° (8.7-
agents 60.1) 61.5) 10.6) 21.5) 23.2)
NSBHR 92.9/5 | 95 85.2/79 | 1.5 54.7/51 | 1.1 88.9/1 | 35.0 1.7 79.8/4 | 5.2
7.9 (3.7- 6 (0.6- | .3 (05 |86 (131- | 87.1/8 | (0.3- | 3.0 (3.5
24.4) 3.5) 2.6) 93.5) 0.0 11.0) 8.0)
Low predicted | 21.4/1 | 1.3 18.3/12 | 1.6 18.1/35 | 0.4 20.4/5 | 4.1 2582 | 1.4 195/1 | 15
FEV1<80% 71 (0.6- 2 (06 | .0 (02- | .9 (1.4- 0.0 (0.2- |39 (0.9-
2.9) 4.2) 0.9) 11.8) 8.0) 2.5)

*The results are presented in complete cases; therefore, there isno missing in data.

Belgium: A: missing: 4 (2.4%); b: missing: 49 (29.9%); c: missing: 2 (1.2%); d: missing: 11 (6.7%);




Finland: e missing: 1 (0.9%); f: missing: 3 (2.7%); g: missing: 20 (17.9%);

Spain: h: missing: 4 (9.8%); i: missing: 1 (2.4%); j: missing: 1 (2.4%); k: missing: 1 (2.4%); |: missing: 2
(4.9%); m: 9 (22%).;

All European: n: missing: 4 (0.8%); 0: missing: 5 (1.1%); p: missing: 50 (10.6%); g: missing: 3 (0.6%); r:

missing: 3 (0.6%); s: missing: 23 (4.9%); t: missing: 20 (4.2%).
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