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Background: 

Patient symptoms are important data elements that can be used in various clinical research applications.[1] However, it is unclear if symptoms are documented in observational data sources. In this study, we aim to examine how symptoms of new, acute, severe illnesses are recorded in structured health insurance claims data in the US. Specifically, we quantified the occurrence of symptom codes, such as fever, cough, and dyspnea, on the same day as a definitive diagnosis code, for instance, pneumonia. Additionally, we aimed to demonstrate how the Observational Health Data Sciences and Informatics (OHDSI) PhenotypeLibrary (PL)[2] can be used to carry out a study within the OHDSI network.

Methods:
We utilized phenotype definitions from the OHDSI PL version 3.15.0[2]. We selected acute severe clinical conditions that are expected to have a sudden onset and short latent or indolent period. These conditions had to have sufficient prevalence in data sources, a requirement implemented by checking if at least 10,000 individuals met the definition in at least one US claims data source, according to the output publicly available at https://data.ohdsi.org/PhenotypeLibrary. Cohort IDs representing symptom phenotypes expected for each selected acute disease were identified in the OHDSI Phenotype Library based on clinical expertise.

We retrieved disease and symptom cohorts from the OHDSI PhenotypeLibrary R package using the function PhenotypeLibrary::getPlCohortDefinitionSet(). The obtained CohortDefinitionSet object was used in CohortGenerator to instantiate the initial cohorts[3]. These initial cohorts were then subset to create the final cohorts using two additional criteria: a 365-day prior observation period requirement, and the requirement for the occurrence to be the first occurrence[4]. These restrictions were implemented to ensure that the cohort was likely to be an incident cohort. For calculating co-occurrence of symptoms, we utilized the unpublished CohortCovariates branch of FeatureExtraction[5]. The feature extraction was performed on the time window corresponding to the start date (i.e., startDay = 0, endDay = 0) of the disease phenotype.

Since a disease could have multiple symptoms, we also created a composite cohort representing the expected symptoms for each disease. We achieved this by utilizing the CohortAlgebra R package which allows the creation of a new cohort by combining one or more cohorts using the UNION operation[6]. We then calculated the prevalence of each symptom across the data sources and reported the results. 

Results:
We chose 14 acute disease cohort definitions and their symptom cohort definitions from the OHDSI PL. Table 1 presents these disease cohorts and their related symptom cohorts with their corresponding IDs. All IDs match those of the cohorts in the OHDSI PL. The composite symptom cohort was assigned the id -1, shown at the top. The table also provides the number of individuals meeting the cohort definitions after implementing restrictions. 

The study was run on five US claims data sources: The IQVIA® Adjudicated Health Plan Claims Data (PharMetrics Plus), Optum’s Clinformatics® Data Mart (OptumDOD), The MerativeTM MarketScan® Commercial Database (CCAE), The MerativeTM MarketScan® Multi-State Medicaid Database (MDCD), and The MerativeTM MarketScan® Medicare Supplemental Database (MDCR).

The proportion of persons with symptoms for each disease appeared consistent across data sources. Asthma had the lowest rate of symptom capture followed by conditions like pneumonitis, anaphylaxis, and myocarditis. Heart failure, myocardial infarction, stroke, appendicitis, and disseminated intravascular coagulation had higher rates of symptoms. Only one disease in one data source had a composite symptom capture of less than 50% (asthma)- suggesting that more than 50% of patients in that data source had none of the listed asthma symptoms reported on the day of diagnosis.

Conclusion: 
Our results indicate that a large proportion of individuals with acute illnesses have at least one symptom code recorded simultaneously in claims data. These findings were consistent across the five tested data sources, demonstrating the robustness of our results. Except for one acute disease (27: Asthma without COPD) in one data source (MDCR), symptom occurrence was observed in at least 50% of individuals. By incorporating clinical expertise in selecting disease and symptom cohorts and analyzing a large sample size, our study provides reliable estimates of symptom documentation in claims data. One application of our finding is that researchers may consider using symptoms as input covariates in future research. Our work sets the groundwork for further work into patterns and differences in symptom documentation, thus opening avenues for a deeper understanding of healthcare utilization and patient’s journey and health outcomes. 

This study also demonstrates an application of the OHDSI PhenotypeLibrary in an OHDSI network study and its synergy with standard OHDSI software. The reusability of previously built cohort definitions makes these definitions referenceable. 

Table 1: Symptom quantification in US claims data

	Id
	Cohort
	Data Sources$
	Symptom co-occurrence*

	27
	Asthma without COPD
	Pharmetrics Plus = 4,406,217
Optum DOD = 3,026,877
CCAE = 5,282,377
MDCD = 1,843,633
MDCR = 372,328
	-1:Composite [48.1% - 57.8%]
3:Cough or Sputum [10.1% - 14.4%]
5:Dyspnea [5.7% - 16.7%]
6:Fever [5.7% - 5.7%]
9:Sore throat [5.1% - 7.7%]
12:Rhinitis or common cold or Sinusitis [8.4% - 20.0%]
20:Bronchitis or Bronchiolitis [8.8% - 12.9%]
278:Pain or ache that is Non Chronic [10.2% - 17.4%]
327:Pharyngitis including tonsillitis [5.5% - 5.5%]
328:Wheezing [7.1% - 7.1%]
354:Nasal Congestion or Rhinitis or Common Cold [5.1% - 14.3%]
368:Sinusitis [5.6% - 6.8%]
392:Otalgia or Otitis [8.9% - 8.9%]

	68
	Heart failure with inpatient admission
	Pharmetrics Plus = 890,662
Optum DOD = 1,698,767
CCAE = 545,920
MDCD = 574,258
MDCR = 941,909
	-1:Composite [83.1% - 92.6%]
3:Cough or Sputum [6.1% - 7.9%]
5:Dyspnea [29.8% - 46.4%]
10:Nausea or Vomiting [6.0% - 7.2%]
11:Malaise and or fatigue [7.3% - 16.7%]
57:Bleeding [6.3% - 9.0%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [6.6% - 14.7%]
194:Encephalopathy or its presentations [5.4% - 11.9%]
244:Dizziness or giddiness including motion sickness and vertigo [5.1% - 5.1%]
278:Pain or ache that is Non Chronic [28.8% - 52.0%]
280:Abdominal Pain or acute abdomen [8.4% - 17.1%]
282:Joint Pain [12.6% - 24.0%]
332:Pain or ache that is Chronic [5.5% - 15.8%]
339:Hypotension [5.8% - 8.5%]
341:Loss of mentation including comma, syncope, altered consciousness [6.1% - 8.3%]
358:Acute Respiratory Failure among persons with no chronic respiratory failure [12.0% - 18.6%]
359:Acute Respiratory Failure [14.7% - 22.7%]
364:Sleep disorder [7.7% - 11.5%]

	70
	Stroke with inpatient admission
	Pharmetrics Plus = 419,668
Optum DOD = 929,480
CCAE = 394,005
MDCD = 303,615
MDCR = 502,865
	-1:Composite [71.2% - 87.5%]
5:Dyspnea [6.2% - 20.3%]
7:Headache or Headache disorder [9.9% - 26.5%]
10:Nausea or Vomiting [7.1% - 7.7%]
11:Malaise and or fatigue [19.4% - 32.0%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [18.1% - 29.9%]
194:Encephalopathy or its presentations [19.3% - 32.7%]
232:Paresthesia [5.2% - 16.3%]
244:Dizziness or giddiness including motion sickness and vertigo [9.0% - 15.7%]
278:Pain or ache that is Non Chronic [28.2% - 50.5%]
331:Encephalopathy [6.5% - 8.0%]
339:Hypotension [5.9% - 5.9%]
341:Loss of mentation including comma, syncope, altered consciousness [5.4% - 20.4%]
359:Acute Respiratory Failure [8.0% - 12.5%]
364:Sleep disorder [5.3% - 8.1%]

	71
	Acute myocardial infarction with inpatient admission
	Pharmetrics Plus = 553,857
Optum DOD = 837,512
CCAE = 397,658
MDCD = 236,238
MDCR = 403,750
	-1:Composite [84.8% - 94.8%]
5:Dyspnea [18.8% - 40.7%]
10:Nausea or Vomiting [5.8% - 9.5%]
11:Malaise and or fatigue [5.1% - 14.8%]
57:Bleeding [5.8% - 9.3%]
62:Generalized Seizure [5.3% - 5.3%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [10.5% - 13.2%]
219:Sudden Cardiac arrest or cardiac death [5.3% - 6.2%]
244:Dizziness or giddiness including motion sickness and vertigo [5.0% - 5.0%]
273:Pathological Ventricular Tachycardia [5.1% - 5.6%]
274:Cardiac arrest or Pathological Ventricular tachycardia [7.3% - 9.9%]
278:Pain or ache that is Non Chronic [49.7% - 79.1%]
335:Anxiety or Fear [5.7% - 10.7%]
339:Hypotension [5.2% - 10.8%]
341:Loss of mentation including comma, syncope, altered consciousness [5.7% - 10.2%]
359:Acute Respiratory Failure [10.8% - 24.5%]
402:Ventilatory assist for respiratory findings with Acute Respiratory Failure [5.5% - 8.9%]
404:Ventricular Tachycardia, in an Inpatient or Emergency room setting [5.4% - 6.0%]
405:Atrial Fibrillation or Flutter [7.8% - 24.6%]

	74
	Hemorrhagic stroke with inpatient admission
	Pharmetrics Plus = 126,009
Optum DOD = 227,125
CCAE = 113,460
MDCD = 73,934
MDCR = 108,817
	-1:Composite [78.1% - 91.4%]
5:Dyspnea [5.7% - 20.0%]
7:Headache or Headache disorder [14.4% - 32.6%]
10:Nausea or Vomiting [5.9% - 11.4%]
11:Malaise and or fatigue [11.3% - 23.0%]
62:Generalized Seizure [8.3% - 16.6%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [10.1% - 20.4%]
194:Encephalopathy or its presentations [20.1% - 32.9%]
244:Dizziness or giddiness including motion sickness and vertigo [6.1% - 8.3%]
278:Pain or ache that is Non Chronic [25.8% - 52.8%]
331:Encephalopathy [6.0% - 6.8%]
332:Pain or ache that is Chronic [5.3% - 15.1%]
339:Hypotension [5.2% - 6.7%]
341:Loss of mentation including comma, syncope, altered consciousness [18.1% - 33.7%]
358:Acute Respiratory Failure among persons with no chronic respiratory failure [15.1% - 22.1%]
359:Acute Respiratory Failure [16.3% - 24.1%]

	234
	Appendicitis
	Pharmetrics Plus = 257,418
Optum DOD = 227,932
CCAE = 370,798
MDCD = 82,165
MDCR = 26,249
	-1:Composite [70.7% - 89.0%]
4:Diarrhea [5.3% - 6.8%]
5:Dyspnea [12.4% - 12.4%]
6:Fever [5.5% - 12.8%]
10:Nausea or Vomiting [12.2% - 33.8%]
11:Malaise and or fatigue [5.4% - 5.4%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [5.5% - 5.5%]
278:Pain or ache that is Non Chronic [61.1% - 81.3%]
280:Abdominal Pain or acute abdomen [65.0% - 84.5%]

	248
	Disseminated intravascular coagulation DIC
	Pharmetrics Plus = 21,710
Optum DOD = 30,298
CCAE = 15,296
MDCD = 14,636
MDCR = 8,522
	-1:Composite [89.6% - 94.6%]
3:Cough or Sputum [5.2% - 6.1%]
5:Dyspnea [19.1% - 41.1%]
6:Fever [7.5% - 15.2%]
11:Malaise and or fatigue [9.3% - 20.9%]
57:Bleeding [25.3% - 32.6%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [7.6% - 18.0%]
194:Encephalopathy or its presentations [18.5% - 31.6%]
278:Pain or ache that is Non Chronic [22.4% - 46.8%]
280:Abdominal Pain or acute abdomen [17.0% - 32.9%]
339:Hypotension [13.6% - 20.4%]
341:Loss of mentation including comma, syncope, altered consciousness [6.0% - 11.9%]
359:Acute Respiratory Failure [38.8% - 53.0%]

	249
	Ischemic Stroke
	Pharmetrics Plus = 367,446
Optum DOD = 753,164
CCAE = 275,738
MDCD = 234,398
MDCR = 392,923
	-1:Composite [74.1% - 90.0%]
5:Dyspnea [6.4% - 22.6%]
7:Headache or Headache disorder [9.4% - 24.5%]
10:Nausea or Vomiting [7.0% - 7.3%]
11:Malaise and or fatigue [20.0% - 34.7%]
57:Bleeding [11.4% - 14.4%]
62:Generalized Seizure [5.8% - 13.6%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [18.6% - 32.4%]
194:Encephalopathy or its presentations [21.9% - 35.9%]
232:Paresthesia [5.7% - 17.3%]
244:Dizziness or giddiness including motion sickness and vertigo [8.8% - 16.1%]
278:Pain or ache that is Non Chronic [26.8% - 49.2%]
331:Encephalopathy [5.3% - 9.8%]
341:Loss of mentation including comma, syncope, altered consciousness [5.0% - 19.3%]
359:Acute Respiratory Failure [8.4% - 15.1%]

	251
	Acute pancreatitis
	Pharmetrics Plus = 229,485
Optum DOD = 205,310
CCAE = 214,099
MDCD = 104,599
MDCR = 72,564
	-1:Composite [76.3% - 92.4%]
4:Diarrhea [5.2% - 7.6%]
5:Dyspnea [9.3% - 16.3%]
10:Nausea or Vomiting [22.1% - 34.0%]
11:Malaise and or fatigue [7.5% - 9.3%]
57:Bleeding [5.9% - 6.1%]
189:Right Upper Quadrant Pain [8.4% - 15.1%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [6.5% - 8.9%]
194:Encephalopathy or its presentations [5.1% - 7.2%]
278:Pain or ache that is Non Chronic [54.2% - 79.2%]
280:Abdominal Pain or acute abdomen [56.3% - 78.1%]
281:Epigastric Pain [17.8% - 25.7%]
299:Acute gastrointestinal bleeding or perforation events [5.8% - 6.1%]
359:Acute Respiratory Failure [5.6% - 6.4%]

	258
	Anaphylaxis or Anaphylactic shock events
	Pharmetrics Plus = 119,335
Optum DOD = 92,965
CCAE = 141,514
MDCD = 39,861
MDCR = 10,087
	-1:Composite [54.6% - 65.5%]
5:Dyspnea [10.8% - 23.1%]
10:Nausea or Vomiting [5.0% - 6.8%]
11:Malaise and or fatigue [5.2% - 5.2%]
12:Rhinitis or common cold or Sinusitis [9.8% - 26.4%]
241:Urticaria [8.0% - 14.9%]
278:Pain or ache that is Non Chronic [11.3% - 21.5%]
340:Hives, Erythema, Eruption, Urticaria [13.1% - 25.2%]
354:Nasal Congestion or Rhinitis or Common Cold [6.9% - 23.2%]
381:Skin Itching [5.7% - 6.5%]

	284
	Myocarditis or Pericarditis
	Pharmetrics Plus = 86,391
Optum DOD = 104,603
CCAE = 95,263
MDCD = 29,804
MDCR = 32,562
	-1:Composite [59.6% - 68.3%]
3:Cough or Sputum [5.2% - 6.3%]
5:Dyspnea [21.9% - 35.9%]
6:Fever [5.1% - 6.5%]
11:Malaise and or fatigue [5.1% - 9.2%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [6.4% - 7.5%]
278:Pain or ache that is Non Chronic [39.7% - 51.9%]

	292
	Hepatic Failure
	Pharmetrics Plus = 130,072
Optum DOD = 153,768
CCAE = 80,610
MDCD = 70,673
MDCR = 27,134
	-1:Composite [79.0% - 90.0%]
5:Dyspnea [14.0% - 29.4%]
6:Fever [5.1% - 5.1%]
10:Nausea or Vomiting [8.2% - 12.2%]
11:Malaise and or fatigue [9.3% - 20.3%]
57:Bleeding [11.3% - 16.0%]
61:Bradycardia or heart block with inpatient admission [5.2% - 8.9%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [8.1% - 18.3%]
193:Jaundice or Itching [5.1% - 8.0%]
219:Sudden Cardiac arrest or cardiac death [5.6% - 8.5%]
240:Muscle weakness or monoplegia [6.0% - 8.6%]
274:Cardiac arrest or Pathological Ventricular tachycardia [5.9% - 10.0%]
278:Pain or ache that is Non Chronic [20.3% - 35.8%]
280:Abdominal Pain or acute abdomen [20.2% - 34.2%]
289:Presence Of Cardiac Arrhythmia [13.8% - 37.0%]
332:Pain or ache that is Chronic [7.0% - 19.5%]
335:Anxiety or Fear [5.2% - 10.0%]
339:Hypotension [6.7% - 14.3%]
341:Loss of mentation including comma, syncope, altered consciousness [9.3% - 34.9%]
364:Sleep disorder [8.9% - 8.9%]
380:Jaundice [5.0% - 7.7%]

	329
	Pneumonitis and lung infections
	Pharmetrics Plus = 3,634,023
Optum DOD = 3,848,134
CCAE = 3,925,467
MDCD = 1,816,322
MDCR = 1,253,919
	-1:Composite [50.8% - 65.3%]
3:Cough or Sputum [15.4% - 25.0%]
5:Dyspnea [13.4% - 32.3%]
6:Fever [5.8% - 17.1%]
9:Sore throat [5.1% - 6.9%]
11:Malaise and or fatigue [6.4% - 10.7%]
12:Rhinitis or common cold or Sinusitis [6.1% - 7.4%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [5.6% - 9.7%]
278:Pain or ache that is Non Chronic [13.1% - 27.9%]

	362
	Acute Kidney Injury AKI
	Pharmetrics Plus = 1,424,310
Optum DOD = 1,937,150
CCAE = 678,492
MDCD = 674,362
MDCR = 743,930
	-1:Composite [80.6% - 89.5%]
3:Cough or Sputum [5.5% - 6.5%]
4:Diarrhea [5.1% - 6.3%]
5:Dyspnea [13.4% - 32.2%]
6:Fever [5.2% - 8.6%]
7:Headache or Headache disorder [5.1% - 5.4%]
10:Nausea or Vomiting [8.6% - 14.1%]
11:Malaise and or fatigue [9.1% - 20.4%]
57:Bleeding [7.7% - 10.2%]
191:Fatigue, Asthenia, Malaise, Lethargy, Anorexia [8.4% - 19.0%]
194:Encephalopathy or its presentations [9.5% - 20.4%]
244:Dizziness or giddiness including motion sickness and vertigo [5.9% - 5.9%]
278:Pain or ache that is Non Chronic [26.5% - 45.3%]
280:Abdominal Pain or acute abdomen [16.2% - 27.9%]
282:Joint Pain [11.5% - 23.0%]
299:Acute gastrointestinal bleeding or perforation events [5.6% - 7.6%]
331:Encephalopathy [5.1% - 8.5%]
332:Pain or ache that is Chronic [6.9% - 16.5%]
339:Hypotension [9.0% - 13.5%]
341:Loss of mentation including comma, syncope, altered consciousness [5.7% - 11.3%]
358:Acute Respiratory Failure among persons with no chronic respiratory failure [12.5% - 16.1%]
359:Acute Respiratory Failure [14.3% - 19.9%]
364:Sleep disorder [5.5% - 9.5%]


$Pharmetrics Plus-The IQVIA® Adjudicated Health Plan Claims Data (formerly PharMetrics Plus), Optum DOD-   Optum’s Clinformatics® Data Mart (CDM), CCAE-The MerativeTM MarketScan® Commercial Database (CCAE), MDCD-The MerativeTM MarketScan® Multi-State Medicaid Database (MDCD), MDCR-The MerativeTM MarketScan® Medicare Supplemental Database (MDCR)
*The prefix number represents the cohortId for the symptom cohorts in the OHDSI PhenotypeLibrary. The range represents the observed quantity of symptoms across all 5 data sources. Only symptoms that are present in at least 5% of individuals are reported.
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