Supplemental Material 

Article Title: Validation of Fitness Tracker for Sleep Measures in Women with Asthma

Additional Detail on Self-Report and Medical Record Measures

We administered an interview-assisted baseline survey in the participants’ homes using standardized items and common data elements.(1-6)  Survey responses were entered into REDCap software,(7) directly from the participant’s homes during the interview as technology and internet connection allowed. Paper surveys later entered into the software were utilized as an alternate method when needed. Polypharmacy and multi-morbidity scores were calculated from a medical record review by summing prescription medications (NDC, or National Drug Codes) from the active medication list and diagnoses (International Classification of Diseases ICD-9/10 codes) associated with the primary care active problem list, after duplicates were removed.(8, 9) 

Additional detail on differences between those who consented to participate and the remaining records in the recruitment repository
There were no differences between those who consented to participate in the study and the remainder of the women (see Figure 1) in the electronic medical record repository database by age (z=1.75, p=.08), race (χ2 = 4.75, p=.09), ethnicity (χ2=0.56, p=.97), or BMI (z=-.501, p=.62). There was a significant difference in insurance type (χ2 = 5.48, p=.02) with 55% of the consented patients covered by Medicaid, compared to 38% of the remaining records in the recruitment database.

Supplemental Table 1
Sensitivity Analyses for Minute-by-Minute Sensitivity, Specificity, Positive and Negative Predictive Values for Datasets at Various Stages of Data Cleaning 
	
	Sensitivity
	Specificity
	Positive Predictive Value
	Negative Predictive Value
	N

	Manuscript Dataset
	0.97
	0.40
	0.91
	0.67
	424,938

	Additional Cleaning after Actigram Visual Inspection
	0.97
	0.40
	0.91
	0.67
	421,737

	Manuscript Dataset with missing Fitbit Values imputed as “wake”
	0.55
	0.95
	0.91
	0.70
	1,377,545

	Additional Cleaning after Actigram Visual Inspection + Missing Fitbit Values imputed as “wake”
	0.56
	0.95
	0.91
	0.71
	1,359,445



Supplemental Table 2
Sensitivity Analyses for Minute-by-Minute Sensitivity, Specificity, Positive and Negative Predictive Values when Fitness Tracker “Restless” Coded as “Sleep”
	
	Sensitivity
	Specificity
	Positive Predictive Value
	Negative Predictive Value
	N

	Manuscript Dataset
	0.997
	0.10
	0.88
	0.83
	424,938

	Additional Cleaning after Actigram Visual Inspection
	0.997
	0.10
	0.88
	0.83
	421,737

	Manuscript Dataset with missing Fitbit Values imputed as “wake”
	0.56
	0.93
	0.88
	0.71
	1,377,545

	Additional Cleaning after Actigram Visual Inspection + Missing Fitbit Values imputed as “wake”
	0.57
	0.93
	0.88
	0.72
	1,359,445



Supplemental Table 3. Paired t-test of mean equivalence
	
	Automatically Merged
	Manually Merged

	
	Threshold
	t1
	t2
	Notes
	Threshhold
	t1
	t2
	Notes

	Sleep Efficiency 
	8.7
	17.01
	34.41***
	Relevant Difference
	8.7
	-17.70
	35.7***
	Relevant Difference

	Total Sleep Time 
	47 minutes
	43.70***
	50.30***
	Trivial Difference (Overpowered)
	42 minutes
	10.64***
	8.37***
	Equivalent

	Total Sleep Time 2
	
	
	
	
	15 minutes
	4.30***
	2.03*
	Equivalent

	Wake Count 
	16
	56.8***
	-24.8
	Relevant Difference
	15
	60.18***
	-30.18
	Relevant Difference


Note: ***p<.001; *p<.05. Threshold based on 10% of the Actigraphy value in Table 2, except the exploratory 15 minutes for Total Sleep Time 2. 
[bookmark: _GoBack]
Additional detail on merging sleep segment
The manual merging method was used to identify and link segmented sleep in the same night, or to aggregate the values if one device recorded separate sleep segments within the start and waking times of the other device (protocol below). The automated merging method combined all sleep that began from noon to noon of the following day. The sum of total sleep time, the mean of sleep efficiency (weighted by the total sleep time of the composing segments), and the sum of wake counts plus one less than the number of sleep segments per day were scored when sleep segments were aggregated.
Manual Sleep Segment Merging Procedure using Microsoft Excel
Implausible actigraphy values deleted (e.g. over 24 hours of consecutive sleep recorded and is judged that participant likely removed device by visual inspection of actigram)
Review participant quality and interview notes from data collector when downloading data and remove known false values (e.g. routinely active subject worked very sedentary job on weekends and these hours were recorded as sleep)
Implausible values in fitbit with no matching actigraph data deleted (e.g. appears subject took device off or battery ran out, such as 16 hours of sleep that started at noon after typical night sleep)
By beginning date and time, and taking into consideration total sleep time, match as closely as possible each sleep segment recorded on one line. 
Dealing with sleep segments, when either fitbit or actiwatch picks up 2 segments, and the other device records as 1, but start and wake times align.  
If fitbit is picking up two segments and actigraph has one, then compare:
1) Actigraph time (StartTime) in bed covers both the fitbit (In_Bed_Time) “false” period than “true” period of fitbit? AND
2) If Actigraph MinutesAsleep value closer with 1) “True” fitibit Total_Sleep_Time_TST OR 2) combined “true” and “false” Total_Sleep_Time_TST
If actigraph time covers both fitbit segments and minutes asleep are closer when added, then combine. 
PROCEDURES TO COMBINE if “false” segment on fitbit comes first:
· Variable = IsMainSleep, insert “COMBINE”
· Take the sum of each: Duration, TimeInBed, AwakeCount+1, AwakeDuration+
“true”MinutesToFallAsleep , RestlessCount, RestlessDuration
· Take the weighted mean of: Efficiency (multiply by percentage of total sleep time for that segment) 
· Take the “false” value for: MinutesToFallAsleep, Start time
· Use the “true” value for:  MinutesAfterWakeup
· Copy remaining values
PROCEDURES TO COMBINE if “true” segment on fitbit comes first:
· Variable = IsMainSleep, insert “COMBINE”
· Take the sum of each: Duration, TimeInBed, AwakeCount+1, AwakeDuration+
“false”MinutesToFallAsleep , RestlessCount, RestlessDuration
· Take the weighted mean of: Efficiency,
· Take the “true” value for: MinutesToFallAsleep, Start time
· Use the “false” value for:  MinutesAfterWakeup
· Copy remaining values
If actigraph is picking up two segments and fitbit has one, then compare:
1) Are two Actigraph times (StartTime) in bed within the fitbit (In_Bed_Time)? AND
2) Is the single or added Actigraph MinutesAsleep, closer to the fitibit Total_Sleep_Time_TST
If segments are within the fitbit times AND added minutes closer to the fitbit TST, then combine. 

PROCEDURES TO COMBINE:
Variable = IsMainSleep, insert “COMBINE_ACTIGRAPH”
· Copy all fitbit values, Subject_No, and Study_Day
· Use first In_Bed_Time and In_Bed_Date, Onset_Date and Onset_Time, and Latency
· Use second Out_Bed_Date and Out_Bed_Time
· Sum: Total Counts, Total_Minutes_in_Bed, Total_Sleep_Time_TST, Wake_After_Sleep_Onset_WASO, Number_of_Awakenings+1, 
· Take weighted Mean (using percentage of TST) of Efficiency, Average_Awakening_Length, Movement_Index, Fragmentation_Index, Sleep_Fragmentation_Index

Otherwise, leave unmatched.

References
1.	RTI International. PhenX Toolkit 2015 [updated December 4, 2015. Version 13.2:[Available from: www.phenxtoolkit.org.
2.	Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of the asthma control test: a survey for assessing asthma control. J Allergy Clin Immunol. 2004;113(1):59-65.
3.	Juniper E, Guyatt G, Cox F, Ferrie P, King D. Development and validation of the mini asthma quality of life questionnaire. European Respiratory Journal. 1999;14(1):32-8.
4.	Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. 1991;14(6):540-5.
5.	Watson D, Clark LA. The PANAS-X: Manual for the Postive and Negatitve Affect Schedule - Expanded Form 1994. Available from: http://www2.psychology.uiowa.edu/faculty/watson/PANAS-X.pdf.
6.	Centers for Disease Control and Prevention. Asthma Call-Back Survey United States Codebook Report, 2012 2012. Available from: http://www.cdc.gov/brfss/acbs/2012/pdf/ACBS_2012_ADULT_LLCP_CODEBOOK.pdf.
7.	Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed Inform. 2009;42(2):377-81.
8.	Upshur R, Wang Y, Moineddin R, Nie J, CS T. The complexity score: Towards a clinically-relevant, clinician friendly measure of patient multi-morbidity. Int J Pers Cent Med. 2013;2(4):799-804.
9.	US Food and Drug Administration. National drug code directory. http://www.fda.gov/cder/ndc/ 2011.

