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Additional File 1. DIF Worksheet Sample
Identifying Possible Gender Differences in Interpreting KCCQ Questions
Background: When we compare scores between men and women on the Kansas City Cardiomyopathy Questionnaire (KCCQ) (or any other patient-reported questionnaire), or when we combine data to evaluate patients’ health-related quality of life (HRQOL), we assume men and women interpret the questions (and response categories) the same way. This assumption is also made for any other subgroups such as race, ethnicity, or age groups. If there are differences in KCCQ scores between men and women, we assume this is because of true HRQOL differences and not an artifact from the way the questions were asked. For example, in some depression questionnaires, men and women in the USA respond differentially to the question “Do you cry easily?”; not because of differences in depression levels, but because of social norms that it is less acceptable for men to cry. Differential item functioning (DIF) occurs when two (or more) groups of people (such as defined by gender) have different probabilities of endorsing higher or lower response categories on a question, even after adjusting for differences between the two groups on the HRQOL outcome being measured by the questionnaire. 
Importance: A DIF evaluation is important for the KCCQ because researchers need to be confident that men and women interpret the KCCQ questions in the same way. Without DIF evaluations, it is unclear if observed group differences on the KCCQ are due to true differences and/or biased estimates. We need your expert opinion to provide insight into which questions in the KCCQ may have potential for DIF between men and women diagnosed with HF. Your expert opinion is also very important in helping the analysts understand why items may have potential for DIF. 

Instructions: In the table below, please review each KCCQ question (including the item stem and response options) on each row and hypothesize why a question may have gender DIF; that is would men and women respond differently to a question even after we match them on the level of the HRQOL construct we are measuring. The first column indicates what HRQOL outcome is measured by the question. The second and third columns specify the KCCQ question content (item stem and response choices, respectively). Please let us know in the fourth column if you think the question may have gender DIF, and if so, why. In your comments, please explain if you believe the women would be more likely or less likely to endorse higher scores on this question than men. In the final column, we ask you to indicate what other factors may influence men and womens’ interpretation of each KCCQ question. These additional variables, if available in our datasets, may be used to adjust our tests for DIF by gender. 
On the next page, we provide example input on two questions from a depression questionnaire. In this example, the participant noted the first question had DIF and the second question did not have DIF. Please review the example on the next page, and start the KCCQ worksheet on page 3.
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Example of Completed Table for a Hypothetical Depression Questionnaire
	Column 1
	Column 2
	Column 3
	Column 4
	Column 5

	Construct measured by Question
	Question Stem
	Response Options
	Would men and women answer the question differently, after adjusting for differences in level of depression (potential for DIF)?
If yes, why? Would women more or less likely endorse higher scores on this question than men?
	What may be other factors that may influence how men and women interpret the question differently?

	Depression
	1. I had crying spells
	0 = None of the time
1 = A little of the time
2 = Some of the time 
3 = Most of the time
	Yes, it is more socially acceptable for women to cry (and/or admit to crying) than men. Thus, women would select response options reflecting more “crying spells” than men.
	Nationality: it is more acceptable in Hispanic culture both men and women to show emotions.

Age: Older generation may be more stoic than younger generation.

	
	2. I felt sad.
	0 = None of the time
1 = A little of the time
2 = Some of the time 
3 = Most of the time
	No
	Age: Older individuals tend to have better mental health than younger individuals.




	Column 1
	Column 2
	Column 3
	Column 4
	Column 5

	Construct measured by question
	KCCQ Question Stem
	KCCQ Response Options
	Would men and women answer the question differently, after adjusting for differences in level of physical limitations (potential for DIF)?
If yes, why? Would women more or less likely endorse higher scores on this question than men?
	What may be other factors that may influence how men and women interpret the KCCQ question differently?

	
	1. Heart failure affects different people in different ways. Some feel shortness of breath while others feel fatigue. Please indicate how much you are limited by heart failure (shortness of breath or fatigue) in your ability to do the following activities over the past 2 weeks.

	Physical Limitation: a measure of how much a patient’s condition is hampering her or his ability to do what s/he wants to do
	· Dressing yourself
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	

	
	· Showering/bathing
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	

	
	· Walking 1 block on
level ground
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	

	
	· Doing yardwork,
housework or carrying groceries
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	

	
	· Climbing a flight of
stairs without stopping
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	

	
	· Hurrying or jogging
(as if to catch a bus)
	1= Extremely limited
2= Quite a bit limited
3= Moderately limited
4= Slightly limited
5= Not at all limited
	
	




Please tell us a little bit about you.
Name (optional): __________________________________________________
[We ask for names so we may seek clarification on any comments or issues you may raise]
1. Are you a clinician?
· Yes
a. Are you a physician, surgeon, nurse, nurse practitioner, physician assistant? _____________
b. If “yes”, number of years in clinical practice: ______
c. Specialty? ________________
· No

2. Do you work for the FDA? 
· yes
· no

3. How old are you?
· 18-25 years
· 26-35 years
· 36-45 years
· 46-55 years
· 56-65 years
· More than 65 years old

4. What is your gender?
· Female
· Male 



[bookmark: _Hlk86048069]Additional File 2. Ordinal Logistic Regression (OLR) Method Details
Three OLR models are evaluated for each KCCQ item when evaluating DIF:
· Model 1 : Logit[P(KCCQitem ≤ j)] = αj + b1KCCQdomain + e
· Model 2 : Logit[P(KCCQitem ≤ j)] = αj + b1KCCQdomain + b4gender + e
· Model 3 : Logit[P(KCCQitem ≤ j)] = αj + b1KCCQdomain + b4gender + b5(KCCQdomain*gender) + e
where KCCQitem is the item-level responses for each response choice, and KCCQdomain is the IRT-calculated Physical Limitations domain score, a is the intercept for the jth item, and e is error. The difference between model 1 and 3 was compared using the -2 log likelihood difference between models to a X2 distribution with 2 degrees of freedom. If the difference was statistically significant (P<0.01), we continued to test for uniform and non-uniform DIF. To test non-uniform DIF, we compared the likelihood difference of models 2 and 3. To test for uniform DIF, we compared the likelihood difference of models 1 and 2. Magnitude of DIF was evaluated by examining differences in pseudo-R2: negligible <0.035; moderate: 0.35 to 0.07; large ≥0.07 [1].


Additional File 3. Item Level Response Frequencies for KCCQ PL Domain Items at Baseline
	KCCQ PL Domain Item
	Level or Statistic
	Overall
(N=2331)
	Men
(N=1670)
	Women
(N=661)

	PL1 - Dressing yourself
	Missing
	11 (0.5%)
	11 (0.7%)
	

	
	1 = Extremely Limited
	25 (1.1%)
	18 (1.1%)
	7 (1.1%)

	
	2 = Quite a Bit Limited
	65 (2.8%)
	47 (2.8%)
	18 (2.7%)

	
	3 = Moderately Limited
	154 (6.6%)
	115 (6.9%)
	39 (5.9%)

	
	4 = Slightly Limited
	390 (16.8%)
	280 (16.9%)
	110 (16.6%)

	
	5 = Not at All Limited
	1656 (71.4%)
	1177 (70.9%)
	479 (72.5%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	30 (1.3%)
	22 (1.3%)
	8 (1.2%)

	
	
	
	
	

	PL2 - Showering/bathing
	Missing
	16 (0.7%)
	16 (1.0%)
	

	
	1 = Extremely Limited
	29 (1.3%)
	21 (1.3%)
	8 (1.2%)

	
	2 = Quite a Bit Limited
	50 (2.2%)
	38 (2.3%)
	12 (1.8%)

	
	3 = Moderately Limited
	144 (6.2%)
	96 (5.8%)
	48 (7.3%)

	
	4 = Slightly Limited
	335 (14.5%)
	224 (13.5%)
	111 (16.8%)

	
	5 = Not at All Limited
	1731 (74.8%)
	1255 (75.9%)
	476 (72.0%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	26 (1.1%)
	20 (1.2%)
	6 (0.9%)

	
	
	
	
	

	PL3 - Walking 1 block on level ground
	Missing
	25 (1.1%)
	24 (1.4%)
	1 (0.2%)

	
	1 = Extremely Limited
	69 (3.0%)
	45 (2.7%)
	24 (3.6%)

	
	2 = Quite a Bit Limited
	174 (7.5%)
	125 (7.6%)
	49 (7.4%)

	
	3 = Moderately Limited
	316 (13.7%)
	221 (13.4%)
	95 (14.4%)

	
	4 = Slightly Limited
	600 (26.0%)
	421 (25.6%)
	179 (27.1%)

	
	5 = Not at All Limited
	1097 (47.6%)
	805 (48.9%)
	292 (44.2%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	50 (2.2%)
	29 (1.8%)
	21 (3.2%)

	
	
	
	
	

	PL4 -  Doing yard work, housework or carrying groceries
	Missing
	10 (0.4%)
	9 (0.5%)
	1 (0.2%)

	
	1 = Extremely Limited
	196 (8.4%)
	125 (7.5%)
	71 (10.8%)

	
	2 = Quite a Bit Limited
	358 (15.4%)
	248 (14.9%)
	110 (16.7%)

	
	3 = Moderately Limited
	558 (24.0%)
	407 (24.5%)
	151 (22.9%)

	
	4 = Slightly Limited
	657 (28.3%)
	467 (28.1%)
	190 (28.8%)

	
	5 = Not at All Limited
	479 (20.6%)
	361 (21.7%)
	118 (17.9%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	73 (3.1%)
	53 (3.2%)
	20 (3.0%)

	
	
	
	
	

	PL5 - Climbing a flight of stairs without stopping
	Missing
	12 (0.5%)
	11 (0.7%)
	1 (0.2%)

	
	1 = Extremely Limited
	239 (10.3%)
	148 (8.9%)
	91 (13.8%)

	
	2 = Quite a Bit Limited
	426 (18.4%)
	301 (18.1%)
	125 (18.9%)

	
	3 = Moderately Limited
	449 (19.4%)
	321 (19.3%)
	128 (19.4%)

	
	4 = Slightly Limited
	604 (26.0%)
	424 (25.6%)
	180 (27.3%)

	
	5 = Not at All Limited
	530 (22.9%)
	419 (25.3%)
	111 (16.8%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	71 (3.1%)
	46 (2.8%)
	25 (3.8%)

	
	
	
	
	

	PL6 - Hurrying or jogging
	Missing
	11 (0.5%)
	11 (0.7%)
	

	
	1 = Extremely Limited
	628 (27.1%)
	442 (26.6%)
	186 (28.1%)

	
	2 = Quite a Bit Limited
	511 (22.0%)
	374 (22.5%)
	137 (20.7%)

	
	3 = Moderately Limited
	413 (17.8%)
	306 (18.4%)
	107 (16.2%)

	
	4 = Slightly Limited
	374 (16.1%)
	261 (15.7%)
	113 (17.1%)

	
	5 = Not at All Limited
	161 (6.9%)
	121 (7.3%)
	40 (6.1%)

	
	6 = Limited for Other Reasons or Did Not Do the Activity
	233 (10.0%)
	155 (9.3%)
	78 (11.8%)




Additional File 4. IRT-Based Wald DIF Testing Results for KCCQ Physical Limitations Items 1b-1f
	KCCQ Physical Limitations Item
	Omnibus X2; 
p value
DF = 5
	Non-Uniform DIF X2; p value
DF = 1
	Uniform DIF X2; 
p value
DF = 4

	1b. Showering/bathing
	6.0; 0.31
	1.8; 0.18
	4.2; 0.39

	1c. Walking 1 block on level ground
	1.7; 0.89
	0.3; 0.59
	1.4; 0.85

	1d. Doing yard work, housework or carrying groceries
	4.0; 0.55
	1.8; 0.18
	2.1; 0.71

	1e. Climbing a flight of stairs without stopping
	10.6; 0.06
	1.2; 0.27
	9.3; 0.05

	1f. Hurrying or jogging
	5.7; 0.34
	0.5; 0.47
	5.2; 0.27


DIF = differential item functioning; DF = degrees of freedom; IRT = item response theory; KCCQ = Kansas City Cardiomyopathy Questionnaire; PL = Physical Limitations
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