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Abstract  89 

Background: Differential diagnosis of asthma and chronic obstructive pulmonary disease 90 

(COPD) poses a challenge in clinical practice, and their misdiagnosis results in inappropriate 91 

treatment, increased exacerbations and potentially even death. 92 

Objective: To investigate the diagnostic accuracy of the Asthma/COPD Differentiation 93 

Classification (AC/DC) tool compared with primary care physicians and pulmonologists in 94 

asthma, COPD, and asthma-COPD overlap (ACO). 95 

Methods: The AC/DC machine learning-based diagnostic tool was developed using 12 96 

parameters from electronic health records of >400,000 patients aged ≥35 years. An expert 97 

panel of 3 pulmonologists and 4 general practitioners from 5 countries evaluated 119 patient 98 

cases from a prospective observational study and provided a confirmed diagnosis (n=116) of 99 

asthma (n=53), COPD (n=43), ACO (n=7) or other (n=13). The cases were then reviewed by 100 

180 primary care physicians and 180 pulmonologists from 9 countries and by AC/DC tool, 101 

and diagnostic accuracies were compared with reference to the expert panel diagnoses.  102 

Results: Average diagnostic accuracy of the AC/DC tool was superior to primary care 103 

physicians (median difference, 24%; 95% posterior credible interval [CrI]: 17–29%; 104 

P<0.0001) and was non-inferior and superior (median difference,12%; 95% CrI: 6–17%; 105 

P<0.0001 for non-inferiority and P=0.0006 for superiority) to pulmonologists. The average 106 

diagnostic accuracies were 73%, 50% and 61% by AC/DC tool, primary care physicians, and 107 

pulmonologists versus expert panel diagnosis, respectively. 108 

Conclusion: The AC/DC tool demonstrated superior diagnostic accuracy compared with 109 

primary care physicians and pulmonologists in diagnosis of asthma and COPD in patients 110 

aged ≥35 years and has the potential to support physicians in the diagnosis of these 111 

conditions in clinical practice.112 
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Highlights Box 113 

What is already known about this topic? 

Misdiagnosis of asthma and COPD can have many negative health consequences. Machine 

learning is playing an increasing role in diagnostic medicine and has potential use for 

healthcare professionals in accurate diagnosis of chronic respiratory diseases 

What does this article add to our knowledge? 

The Asthma/COPD Differentiation Classification (AC/DC) machine learning-based 

diagnostic tool demonstrated superior diagnostic accuracy compared with primary care 

physicians and pulmonologists in the diagnosis of asthma and COPD in patients aged ≥35 

years 

How does this study impact current management guidelines? 

The AC/DC tool has the potential to be an aid in the differential diagnosis of patients with 

asthma or COPD and provide a valuable additional resource to supplement the decision-

making of practicing physicians 

 114 

Keywords: Asthma, COPD, Differential diagnosis, machine learning, AC/DC tool, asthma-115 

COPD overlap, Primary care physician, Pulmonologist, Accuracy116 



7 

 

7 

 

Abbreviations 117 

AC/DC: Asthma/COPD Differentiation Classification 118 

ACO: Asthma-COPD Overlap 119 

ACQ: Asthma Control Questionnaire  120 

AI: Artificial Intelligence 121 

CCQ: Clinical COPD Questionnaire  122 

COPD: Chronic Obstructive Pulmonary Disease  123 

CrI: Posterior Credible Interval 124 

MI: Multiple Imputations 125 

PCP: Primary Care Physician 126 
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Introduction 127 

Asthma and chronic obstructive pulmonary disease (COPD) are heterogeneous chronic 128 

respiratory diseases that have overlapping diagnostic criteria and sometimes similar clinical 129 

presentations, which pose a challenge in their differential diagnoses, especially in smokers, 130 

ex-smokers and older adults.1-4 Asthma-COPD overlap (ACO) comprises patients with 131 

characteristics of both asthma (e.g. variability of airway limitation, allergies) and COPD (e.g. 132 

age of onset ≥40 years, chest X-ray with severe hyperinflation).1, 4, 5 Chronic respiratory 133 

diseases are major causes of morbidity and mortality, and incorrect diagnosis may lead to 134 

negative consequences in disease management;6 for example, underdiagnosis of asthma leads 135 

to increased hospitalisations, emergency room visits, risk of death and healthcare resource 136 

costs.7-9 Misdiagnosis can result in adverse events due to incorrect treatment (particularly if 137 

asthma is treated with long-acting bronchodilators alone) and increased treatment costs.7-12 138 

Overlapping diagnosis of asthma and COPD was reported to be 15% to 32%.4 Hence, 139 

accurate diagnosis is key for therapeutic decision-making.  140 

Artificial intelligence, especially machine learning, is playing an increasing role in diagnostic 141 

medicine and might be useful for primary care physicians (PCPs) and other healthcare 142 

professionals in accurate and differential diagnosis of chronic respiratory diseases.13-16 The 143 

Asthma/COPD Differentiation Classification (AC/DC) tool employs a machine learning-144 

based algorithm and was developed to aid PCPs and other physicians in fast and accurate 145 

diagnosis of asthma, COPD or ACO, in conjunction with spirometry, and to reduce any delay 146 

in symptomatic patients receiving appropriate therapy.17 This study investigated the 147 

diagnostic accuracy of the AC/DC tool compared with PCPs and pulmonologists in the 148 

differential diagnosis of asthma, COPD, ACO and other respiratory diseases using patient 149 

cases from a prospective observational study in general practice.17 Pulmonologists and PCPs 150 

were selected as the medical professions to be evaluated as they were the professionals most 151 
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likely to initially interact with patients with a respiratory disease, they manage patients with 152 

respiratory diseases, which is not be the case with other groups such as allergists for COPD, 153 

and are potentially the primary users of the AC/DC tool. 154 

 155 

Methods 156 

Study design 157 

This was a non-interventional, multinational, multiple-rater, multiple-case study that utilised 158 

de-identified patient cases from a prospective observational study (FOCUS), which recorded 159 

data for patients presenting to general practices in the Netherlands with respiratory 160 

symptoms.18 Cases were included if patients were aged ≥35 years at the time of data 161 

collection and if the key data required for the AC/DC tool had been recorded. Further details 162 

about methods are provided in the Online Repository Text.  163 

The AC/DC tool was initially developed using the clinical characteristics of >400,000 164 

patients aged ≥35 years with diagnoses of asthma, COPD or ACO by specialists 165 

(pulmonologists/allergists), as identified from Optum® de-identified electronic health records 166 

dataset between 2010 and 2017 (for index date definitions please see Online Repository 167 

Text). In an internal validation, the model achieved a sensitivity of 0.98, 0.98 and 0.78, a 168 

precision of 0.97, 0.97 and 0.92, and a F1-score of 0.98, 0.98 and 0.84, in diagnosing asthma, 169 

COPD and ACO, respectively (Online Repository Text).17 From the >400,000 patients’ data, 170 

12 variables were identified as the most impactful and hence utilised by the AC/DC tool 171 

(Table 1). 172 

The performance (external validation) of the AC/DC tool (utilising the 12 most impactful 173 

variables) was then compared with pulmonologists and PCPs in the diagnosis of patients 174 

from the FOCUS study, and the findings are reported here. 175 

 176 
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Written informed consent obtained from each patient during the observational study 18 177 

permitted secondary use of their data for this study. The study protocol was reviewed by an 178 

independent ethics committee or institutional review board and was conducted in accordance 179 

with the International Conference on Harmonization Guidelines for Good Clinical Practice 180 

and the Declaration of Helsinki. The study essentially comprised four steps, as shown in 181 

Figure 1.  182 

Step 1. Expert panel diagnosis of each case (gold standard): A panel of seven experts 183 

(comprising 3 PCPs and 4 pulmonologists from 5 countries, who were also involved in the 184 

development of the AC/DC tool) reviewed the clinical data of 119 de-identified (eligible, 185 

n=116) patient cases from the observational study 18, and each expert determined a diagnosis 186 

of either asthma, COPD, ACO or “other disease than asthma, COPD and ACO” for each 187 

patient, and recorded the difficulty of diagnosis on a 6-point Likert scale from 0–5, with 0–1 188 

described as “easy to diagnose” and 4–5 as “hard to diagnose” for each. The observational 189 

study database included variables such as patients’ demographics and baseline clinical 190 

characteristics; current inhaled medication (yes/no); medical history questionnaire including 191 

Medical Research Council (MRC) dyspnoea scale, the Asthma Control Questionnaire (ACQ-192 

7, 0–6) and the Clinical COPD Questionnaire (CCQ, 0–6); and spirometry results. Two 193 

symptom definitions were used; symptom definition #1: symptoms present in previous 7 days 194 

if ACQ Q4 score (shortness of breath) >0, ACQ Q5 (wheeze) >0 or CCQ Q5 (cough) >0; 195 

symptom definition #2: ACQ Q4 score >1 or ACQ Q5 >1 or CCQ Q5 >1. Symptoms (yes/no) 196 

were fed into the algorithm and shown to the physicians. 197 

To be considered an expert panel diagnosis, five out of seven experts had to provide the same 198 

diagnosis. The primary case set included patients with a diagnosis of asthma, COPD or ACO; 199 

the exploratory case set included patients with a diagnosis of asthma, COPD, ACO and “other 200 

disease than asthma, COPD and ACO”.  201 
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Step 2. Diagnosis of the clinical cases by PCPs and pulmonologists: PCPs and 202 

pulmonologists were recruited from 9 countries (United States, Canada, United Kingdom, 203 

France, Germany, Spain, Australia, China, and India). Participating PCPs and pulmonologists 204 

were included if they were licensed and practicing at the time of study with ≥3 years in 205 

practice and ever diagnosed or treated ≥1 patient with a respiratory disease.  206 

Each physician reviewed 30 expert panel diagnoses of combined primary and exploratory 207 

clinical cases (24 cases and 6 re-reviews to assess intra-rater variability) and assigned a 208 

diagnosis of asthma, COPD, ACO or “other”, together with their level of confidence in the 209 

diagnosis from 1 (“not at all confident”) to 7 (“very confident”), using a cross-sectional, 60-210 

minute web-based electronic case review system.  211 

Step 3. Diagnosis of the clinical cases by the AC/DC tool: For the AC/DC tool, a total of 212 

100 algorithms were trained, each with recall (true positive diagnosis) and precision (% of 213 

true positive diagnosis) ≥80% for asthma, COPD and ACO, and overall accuracy of ≥95% to 214 

fully characterise the stability of the model training process and the model performance.  215 

The AC/DC tool assessed each of the expert panel diagnosis cases and either rejected the 216 

expert-assigned diagnosis or assigned a probability to diagnoses of asthma, COPD or ACO. 217 

The algorithm rejected cases if clinical characteristics were beyond the range on which the 218 

algorithm was trained. The diagnosis assigned by the AC/DC tool was the diagnosis with the 219 

highest predicted probability. Refer to Figure E1 in the Online Repository for the confusion 220 

matrix of panel diagnosis vs diagnosis by algorithms and physicians. 221 

Step 4. Outcome 222 

The primary objective was to compare the average diagnostic accuracy of the AC/DC tool 223 

with those of PCPs and pulmonologists when evaluating clinical cases of asthma, COPD or 224 

ACO in the primary case set. The diagnostic accuracy of the AC/DC tool, PCPs and 225 

pulmonologists was defined as the correct diagnoses of the clinical cases, expressed as a 226 
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percentage, when compared with the confirmed diagnoses assigned by the expert panel (gold 227 

standard). The differences in the average overall diagnostic accuracy between AC/DC tool 228 

and PCPs and between AC/DC tool and pulmonologists in reference to the expert panel 229 

diagnoses were analysed.  230 

Secondary objectives included: (i) comparison of diagnostic accuracy (sensitivity [recall], 231 

precision [positive predictive value], F1 score [harmonic mean of sensitivity and precision], 232 

negative predictive value and specificity of the AC/DC tool in diagnosing asthma, COPD and 233 

ACO cases compared with PCPs and pulmonologists in the primary case set; (ii) 234 

determination of inter-rater and intra-rater agreement among PCPs and pulmonologists in the 235 

primary case set by using Fleiss’ kappa. The F1-score is the harmonic mean of precision and 236 

recall; therefore, this score takes both false positives and false negatives into account.  237 

Key exploratory objectives included: (i) examination of diagnostic accuracy of AC/DC tool 238 

compared with PCPs and pulmonologists in diagnosing asthma, COPD and ACO in the 239 

primary case set subgroups based on the expert panel scores for difficulty of diagnosis (lower 240 

tertile [easy]; middle tertile [moderately hard]; and upper tertile [hard]); (ii) examination of 241 

the diagnostic accuracy of PCPs and pulmonologists in diagnosing cases in the exploratory 242 

case set.  243 

Statistical analysis 244 

The expert panel diagnosis cases were divided into the primary case set (asthma, COPD, and 245 

ACO cases), and the exploratory case set (including cases of other diseases than asthma, 246 

COPD, and ACO). The primary outcome was analysed using a Bayesian model that jointly 247 

modelled each patient’s true disease status (i.e. expert panel diagnosis) as a categorical 248 

random variable, and the diagnoses given for each patient by each physician or algorithm 249 

(determined using multinomial logistic regression). The multinomial logistic regression 250 

model included a separate intercept term for each combination of disease (asthma, COPD, 251 
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and ACO) and group (PCPs, pulmonologists, and AC/DC tool), as well as a random case and 252 

random rater effect. The primary analysis included the first diagnosis for each case by the 253 

physicians. Any repeated diagnoses by the same physician of the same patient were excluded 254 

but were considered for estimation of intra-rater reliability.  255 

The key objective of a superiority trial is to demonstrate that a new treatment or device is 256 

better than an active control or placebo or a conventional method, while a non-inferiority trial 257 

is designed to show that treatments are not unacceptably worse than, or ‘non-inferior’ to, the 258 

comparator.19 A machine learning tool could be of value to PCPs if it is superior to PCPs 259 

without necessarily needing to be superior to pulmonologists. Hence, superiority of AC/DC 260 

tool was tested against PCPs. However, after testing superiority to PCPs, non-inferiority to 261 

pulmonologists was tested followed by superiority to pulmonologists. The null hypothesis 262 

was tested against the alternative hypothesis for superiority of AC/DC tool versus PCPs and 263 

pulmonologists for the primary outcome, and a 10% non-inferiority margin versus 264 

pulmonologists, was used. A similar margin (10%) has been used previously in the 265 

literature.20 The main analysis used the primary symptom definition #1. A sensitivity analysis 266 

was also performed using a symptom definition #2 for the primary outcome. Point estimates 267 

and their 95% credible intervals for the primary analysis were obtained as the medians, and 268 

2.5th and 97.5th percentiles of the posterior distribution for the average diagnostic accuracy of, 269 

as well as for the difference in average accuracy between, AC/DC tool, PCPs, and 270 

pulmonologists. Calculation of differences and their 95% credible intervals allows 271 

quantification of the uncertainty around the diagnostic performance of each group (AC/DC, 272 

PCPs and pulmonologists) and judgement as to whether between-group differences are likely 273 

due to chance or not. 274 

Power calculations were based on simulations in which it was assumed that pulmonologists 275 

provide 60% correct diagnoses and the AC/DC tool ≥82% – with the assumption that 276 
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pulmonologists would perform better than PCPs. With at least 30, 30, and 20 patient cases 277 

with a panel diagnosis of asthma, COPD, and ACO, respectively, approximately 90% power 278 

was achieved for a comparison of the algorithms compared with 50 pulmonologists. As all 279 

pulmonologists could not review all clinical cases, the number of pulmonologists was 280 

increased to achieve a similar total number of reviewed cases. The number of PCPs chosen 281 

was the same as the number of pulmonologists. Statistical analyses were conducted in R 282 

version 3.6.1 using the RStan R package for the primary analysis.21-23 The details of missing 283 

data imputation are presented in the Online Repository Text.. 284 

Results 285 

Baseline demographics and clinical characteristics  286 

This analysis included 116 cases (asthma, n=53; COPD, n=43; ACO, n=7; other, n=13) who 287 

were assigned an expert panel diagnosis; i.e. n=103 (53+43+7) in the primary case set 288 

(diagnosis of other not included) and 116 in the exploratory case set; consensus was not 289 

achieved for 3 cases (Figure 1). Baseline demographics and clinical characteristics of the 290 

cases are presented in Table 2. 291 

Out of the 116 patients with an expert panel diagnosis used to evaluate the AC/DC tool, 95 292 

(82%) had no missing data for the 12 variables, while out of the remaining 21 (18%) patients 293 

12 (10%) had missing information on dyspnea, 13 (11%) missing information on wheeze, and 294 

8 (7%) missing cough symptom information (some of the 21 had missing information on 295 

more than one symptom). Other variables such as demographic information, spirometry 296 

results, smoking information, and comorbidity information were completely available for all 297 

of the 116 patients.  298 

In total, 360 physicians (180 PCPs and 180 pulmonologists) from 9 countries (20 PCPs and 299 

20 pulmonologists from each country) were included with mean post-residency practice times 300 

comparable between PCPs (8.4‒27.3 years) and pulmonologists (9.7‒22.3 years).  301 
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 302 

Average diagnostic accuracy 303 

Average diagnostic accuracy of AC/DC tool was superior to PCPs (median difference 24%; 304 

95% posterior credible interval [CrI]: 17–29%; P<0.0001) and was non-inferior and superior 305 

to pulmonologists (median difference 12%; 95% CrI: 6–17%; P<0.0001 for non-inferiority 306 

and P=0.0006 for superiority) in correct diagnosis of asthma, COPD and ACO (based on 307 

expert panel diagnosis). The average diagnostic accuracy of pulmonologists was superior to 308 

that of PCPs (median difference 12%, 95% CrI: 8–15%) (Figure 2). Sensitivity analyses 309 

showed similar results to the main analysis (AC/DC tool vs PCPs, median difference 24%, 310 

95% CrI: 17–30%; AC/DC tool vs pulmonologists, median difference 11%, 95% CrI: 5–17%; 311 

pulmonologists vs PCPs, median difference 12%, 95% CrI: 9–16%).  312 

Secondary measures of diagnostic performance  313 

For sensitivity (percentage of “true positive” diagnoses (based on expert panel) made from all 314 

diagnoses with each disease), the AC/DC tool correctly identified higher proportions of 315 

asthma and COPD patients, while PCPs and pulmonologists correctly diagnosed more ACO 316 

patients. The precision (percentage of true positive diagnoses made from the total positive 317 

diagnoses made) results for diagnosis of asthma was similar between AC/DC tool and 318 

pulmonologists and only slightly lower for PCPs, while precision results for COPD and ACO 319 

were higher for PCPs and pulmonologists than the AC/DC tool. The F1-score (a measure of 320 

accuracy that combines sensitivity and precision) for the AC/DC tool was higher than that for 321 

PCPs and pulmonologists for the diagnosis of asthma, better than PCPs and similar to 322 

pulmonologists for diagnosing COPD, and less than PCPs and pulmonologists for ACO. The 323 

negative predictive value (percentage of true negative diagnoses given from the negative 324 

diagnoses made) was higher for the AC/DC tool for asthma and COPD than those for PCPs 325 

and pulmonologists, while the values for PCPs and pulmonologists were slightly higher than 326 
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the AC/DC tool for ACO. Specificity (percentage of true negative diagnoses made from all 327 

diagnoses who did not have each diagnosis) values were similar for the AC/DC tool, PCPs, 328 

and pulmonologists for diagnosis of asthma, lower for the AC/DC tool versus PCPs and 329 

pulmonologists for the diagnosis of COPD, and higher for the AC/DC tool versus PCPs and 330 

pulmonologists for the diagnosis of ACO (Table 3).  331 

Diagnostic accuracy by case difficulty 332 

The proportion of cases that PCPs and pulmonologists correctly diagnosed declined with 333 

increasing case difficulty as assessed by the expert panel (Figure 3). The AC/DC tool 334 

showed a notable much higher percentage of accuracy for the hardest cases across all 3 335 

categories, than PCPs and pulmonologists (Figure 3) (note that the study was not powered to 336 

determine statistical significance in the diagnostic accuracy of the tool, PCPs and 337 

pulmonologists by case difficulty). 338 

Inter- and intra-rater agreement  339 

The Fleiss’ kappa for inter-rater agreement for diagnostic consensus was higher among 340 

pulmonologists than PCPs across all diagnoses [0.29 (95% CrI: 0.25–0.33) and 0.19 (95% 341 

CrI: 0.16–0.22), respectively], as was the intra-rater reliability [0.55 (95% CrI: 0.51–0.59) 342 

and 0.48 (95% CrI: 0.44–0.52), respectively]. The inter-rater agreement was high for both 343 

definitions used in the AC/DC algorithm (Figure 4). 344 

Performance of the AC/DC tool and physicians in exploratory case set 345 

The diagnostic accuracy for both PCPs and pulmonologists in the exploratory case set was 346 

the same as that in the primary set, while the diagnostic accuracy of the AC/DC tool was 347 

lower in the exploratory case set (Figure 5). 348 

Discussion 349 

This multinational, non-interventional, observational study utilised de-identified real-life 350 

clinical practice case data to determine the diagnostic accuracy of the AC/DC tool (developed 351 
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by machine learning from data in an electronic medical record database) versus PCPs and 352 

pulmonologists in diagnosis of asthma, COPD and ACO in patients aged ≥35 years. The 353 

primary objective of this study was met; average diagnostic accuracy of the AC/DC tool for 354 

these diagnoses was superior to PCPs and non-inferior and superior to pulmonologists. 355 

Furthermore, the diagnostic accuracy of pulmonologists was superior to PCPs, as might be 356 

expected by virtue of their medical specialisation.  357 

In this study, the AC/DC tool displayed greater sensitivity for diagnosing asthma and COPD 358 

cases than PCPs or pulmonologists, with accuracy and precision values for the AC/DC tool 359 

being similar to those reported elsewhere for other machine learning models.17, 24 However, 360 

when diagnosing ACO, diagnostic performance of the AC/DC tool was considerably lower 361 

than that of PCPs and pulmonologists. While the small sample size (n=7) might have 362 

contributed to this finding, there are several other reasons that might also explain these 363 

results. Firstly, machine-learning algorithms can struggle when faced with class imbalance, 364 

and patients with ACO were the least common class of patients in the training data.17 365 

Secondly, pulmonologists also had the lowest sensitivity for this diagnosis, which might be 366 

because of variations in definitions and perceptions of this disease between physicians and 367 

countries 4. Indeed, some countries do not have a specific definition for ACO in their 368 

guidelines, and neither GINA nor GOLD considers ACO to be a specific diagnosis.3, 4 369 

Thirdly, the features used in development of the AC/DC tool may not be ideally suited for 370 

distinguishing ACO from COPD. One of the characteristics that the clinicians in this study 371 

were presented was age at onset of respiratory symptoms. A younger age at onset of 372 

symptoms is one of the features that, in a patient with persistent airflow limitation, drives a 373 

clinical decision towards ACO. However, data for age at onset of respiratory symptoms were 374 

not recorded in the Optum® database, and thus were not included in the development of 375 

AC/DC. Moreover, while ACO is an interesting construct, there is a lack of double-blind 376 
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randomised clinical studies on the treatment of ACO, with current safety recommendations 377 

being based on observational studies.11, 12, 25 378 

The diagnostic consensus (inter- and intra-rater agreement) was higher among the 379 

pulmonologists than PCPs, but both lower than AC/DC tool. As to be expected, it was more 380 

likely that two pulmonologists would agree on a diagnosis than two PCPs because of their 381 

specialisation. In contrast, the AC/DC tool was extremely consistent as all the algorithms 382 

always produced a similar result from the same inputs. In addition, the difference in 383 

diagnostic accuracy between AC/DC tool and both PCPs and pulmonologists increased with 384 

increasing difficulty of diagnosis, as assessed by the expert panel. These results suggest that 385 

the AC/DC tool has the potential to improve accuracy and specificity in the differential 386 

diagnosis of asthma and COPD, especially for more difficult to diagnose cases. It should also 387 

be noted that these results are from single point in time estimates rather than longitudinal 388 

data; the use of longitudinal data in a primary care setting would allow PCPs to determine a 389 

response to treatment that could support a clinical diagnosis – this might, in part, explain the 390 

diagnostic accuracy of PCPs compared with the AC/DC tool and pulmonologists. 391 

When the AC/DC tool misdiagnosed cases, it categorised patients with asthma as having a 392 

high probability of COPD and tended to assign a COPD diagnosis to ACO. However, this 393 

was not observed with PCPs or pulmonologists, who more often misclassified patients with 394 

asthma as having ACO, and patients with COPD as having ACO or asthma. GINA4 395 

recommends patients with asthma or ACO should receive an inhaled-corticosteroid-based 396 

therapy as it reduces the risk of hospitalisation or death,11-13, 25 and many COPD patients may 397 

be safely treated with bronchodilators alone.3 Thus, for safety reasons, modifying the training 398 

of the algorithm is essential to reflect the consequences of misdiagnosis.  399 

Currently, some biomarkers are used as surrogates for diagnosis of airway diseases due to 400 

limitations/availability of spirometry and to guide pharmacotherapy 4. Analysis of exhaled 401 
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nitric oxide and sputum or blood eosinophil count are sometimes used to determine steroid 402 

responsiveness and adjustment of anti-inflammatory therapies in patients with asthma. 403 

Similarly, club cell secretory protein-16, surfactant protein D and fibrinogen can predict 404 

severity and risk of exacerbations in patients with COPD.26 Blood eosinophil count was 405 

evaluated during the development of the AC/DC tool but it did not have any impact on the 406 

outcomes so was not included in the tool. In addition, the literature does not report use of any 407 

biomarkers in machine learning models for diagnosis of airway diseases. 408 

Is should be noted that the tool is being evaluated here based on current specialist practice 409 

rather than diagnostic guidelines, which could, in theory, lead to the reinforcement of 410 

common clinical errors in diagnosis. However, this external validation study has allowed 411 

assessment of the model performance based on the consensus diagnosis of a panel of experts, 412 

who are highly familiar with existing guidelines and highly experienced in the field, which 413 

should avoid the routine application of diagnostic criteria and provide the most reliable 414 

diagnosis possible given the available information. 415 

The AC/DC tool was designed to aid the physician in asthma and COPD diagnosis with 416 

higher accuracy after other diseases have already been ruled out. Thus, this tool is not 417 

intended as a standalone model to rule out all diseases and only accept asthma, COPD or 418 

ACO. This was particularly evident when the performance of the AC/DC tool was compared 419 

between the two (primary and exploratory) case sets. The diagnostic accuracy of the AC/DC 420 

tool declined from the primary to exploratory case set because the tool does not have the 421 

option to diagnose a patient as "other" and so it either rejects the case or misdiagnoses it as 422 

asthma, COPD or ACO. An advantage of the AC/DC tool is it provided a higher inter-rater 423 

agreement for the diagnosis of a specific disease across all diagnoses, while there was greater 424 

variability in the decisions reported by both PCPs and pulmonologists.  425 
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This analysis has several limitations that need to be considered during clinical decision-426 

making processes: (i) the study included only patients aged ≥35 years, and the AC/DC tool 427 

cannot be used in younger patients; (ii) the AC/DC tool is not intended to diagnose patients 428 

on its own but rather to be used in addition to spirometry to aid physicians in the differential 429 

diagnosis of asthma, COPD and ACO, so it might have been worthwhile to include a group of 430 

physicians aided by the AC/DC tool in this study; (iii) although an electronic review of a case 431 

file may differ substantially from a face-to-face diagnosis in a physician's practice, the 432 

performance of the two physician groups aligned reasonably well with the published 433 

literature and the expectation that pulmonologists would outperform PCPs;24, 27 (iv) the 434 

assumption that the clinicians have already ruled out all other potential causes of respiratory 435 

symptoms may not be clinically relevant, given (for example) the high cost of cardiac 436 

investigations for patients presenting with breathlessness; (v) the distinction between “history 437 

of allergic rhinitis” and “history of chronic rhinitis”, both of which were significant in the 438 

development of the AC/DC tool, may not be clear in clinical practice; (vi) limited data on 439 

ACO were available in the database to train the AC/DC tool; however, the provision of data 440 

such as age of onset and reversibility to PCPs and pulmonologists did not improve their 441 

diagnostic accuracy versus the AC/DC tool; (vii) physicians were included in this analysis 442 

were from the IPSOS database rather than from random sampling for PCPs and 443 

pulmonologists; (viii), PCPs often also rely on social determinants of health, rather than 444 

spirometry. 445 

The results of this study should be considered in the context of two assumptions: (i) the 446 

expert panel diagnoses of asthma, COPD, ACO and “other diseases” are accurate for each 447 

patient, whereas the expert panel members were provided with only brief clinical details for 448 

the purpose of assigning a diagnosis; (ii) the AC/DC tool classified each case only to asthma, 449 
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COPD or ACO and did not have the “other” diagnostic option – unlike PCPs and 450 

pulmonologists for the primary analysis. 451 

Further validation and assessment of the AC/DC tool is required given the lower performance 452 

for diagnosing ACO and the risk of hospitalisation and death if patients with asthma or ACO 453 

are given a diagnosis of COPD and treated with bronchodilators alone.11, 12, 25 The AC/DC 454 

tool accurately separates asthma from COPD, while ACO diagnosis is not sensitive or 455 

specific so should prompt reconsideration by the clinicians to put the patients in the asthma 456 

pathway to be safe. 457 

The tool is currently under development and the options for meeting the regulatory 458 

requirements to make it available to physicians in the form of “software as a medical device” 459 

are currently being evaluated. Current discussions suggest that once the physician rules out 460 

other diagnoses and concludes that their patient has either asthma or COPD, they will ask the 461 

patient a series of 5 questions about their symptoms that are entered into a 462 

smartphone/computer/tablet, together with their spirometry data (using a portable or other 463 

spirometer) from which they will then obtain the output of the AC/DC tool, which they can 464 

take into account in their diagnosis. It is anticipated that this will take place at the physician’s 465 

office and take no longer than 3-5 minutes to complete (Figure 6). 466 

Subject to the further validation and safety considerations described above, the tool has the 467 

potential to support a range of clinicians including nurse practitioners, PCPs, pulmonologists 468 

and respiratory experts functioning across healthcare facilities such as mini-clinics, outpatient 469 

or satellite care centers, and large hospitals, in distinguishing between asthma and COPD in 470 

patients aged ≥35 years in whom other cause of respiratory symptoms have been excluded. 471 

The non-invasive tool takes about 3 to 5 minutes to evaluate a patient, thereby benefitting 472 

clinicians with busy schedules, and the FEV1 values generated through any spirometer can 473 
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serve as an input for the tool. It could be cost-effective and time-saving as fewer patient visits 474 

could be required to arrive at a diagnosis of asthma or COPD.  475 

Conclusions 476 

Overall, the AC/DC tool demonstrated superior diagnostic accuracy compared with PCPs and 477 

pulmonologists for correctly diagnosing patients with asthma and COPD, but not patients 478 

with ACO, as long as “other”' diagnoses can be ruled out before applying the AC/DC tool. 479 

The AC/DC tool has the potential to be an aid in the differential diagnosis of patients with 480 

asthma and COPD aged ≥35 years and provide a valuable additional source of information to 481 

supplement the final decision-making by practicing physicians. 482 
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Figure Legends  629 

Figure 1: Study design and patients flow for AC/DC validation study 630 

AC/DC, Asthma/COPD Differentiation Classification; ACO, asthma-COPD overlap; COPD, chronic 631 

obstructive pulmonary disease; PCP, primary care physician 632 

 633 

Figure 2: a) Overall and b) difference in diagnostic accuracy of AC/DC tool, PCPs, 634 

pulmonologists in diagnosis of clinical cases of asthma, COPD and ACO (primary case 635 

set) 636 

This analysis is based on primary symptom definition (#1): score >0 on ACQ Q4 (dyspnoea)/ACQ Q5 637 

(wheeze)/CCQ Q5 (cough). The differences in the average overall diagnostic accuracy between AC/DC tool and 638 

PCPs, and between AC/DC tool and pulmonologists in reference to the expert panel diagnoses were analysed.  639 

AC/DC, Asthma/COPD Differentiation Classification; ACQ, asthma control questionnaire; CCQ, clinical 640 

COPD questionnaire; CrI, posterior credible interval; PCP, primary care physician 641 

 642 

Figure 3: Diagnostic accuracy of AC/DC tool, PCPs pulmonologists by case difficulty 643 

(assigned by the expert panel) in the primary case set 644 

AC/DC, Asthma/COPD Differentiation Classification; COPD, chronic obstructive pulmonary disease; PCPs, 645 

primary care physicians 646 

Based on tertiles of average of difficulty ratings of panel members: 1: Easy, 2: Moderately hard, 3: Hard to 647 

diagnose. The diagnosis was based on symptom definition #1 (Def. #1) that includes ACQ Q4 score>0 648 

(dyspnoea), ACQ Q5>0 (wheeze) and CCQ Q5>0 (cough), and symptom definition #2 that includes ACQ Q4 649 

score>1/ACQ Q5>1/CCQ Q5>1 650 

 651 

Figure 4: Variation in performance within AC/DC tool (algorithms), pulmonologists, 652 

and PCPs in the primary case set 653 

AC/DC, Asthma/COPD Differentiation Classification; PCP, primary care physician 654 

 655 
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Figure 5: Comparison of performance of the AC/DC tool and physicians in primary and 656 

exploratory case sets 657 

Data presented as median; error bars represent CrI values 658 

Combined posterior from 100 MIs, each on the patients accepted by ≥1 algorithm(s) for that MI. This analysis is 659 

based on primary symptom definition (#1): score >0 on ACQ Q4 (Dyspnea)/ACQ Q5 (Wheeze)/CCQ Q5 660 

(Cough). 661 

AC/DC, Asthma/COPD Differentiation Classification; CrI, posterior credible interval; MD, median difference; 662 

MI, multiple imputations; PCP, primary care physician 663 

 664 

Figure 6: Potential clinical utility of AC/DC digital diagnostic tool  665 

AC/DC, Asthma/COPD Differentiation Classification; ACO, Asthma/COPD overlap; COPD, chronic 666 

obstructive pulmonary disease; HCP, healthcare provider 667 


