1. [bookmark: _Toc163565267]Validity
Validity testing was conducted at the accountable entity level using empirical validity testing and at the encounter-level using data element validity testing. We additionally assessed the face validity of the measure scores via qualitative examination of clinician views captured in the web survey. 
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1. Empirical validity testing
We assessed the validity of the GMCS measure scores by investigating its relationship to other variables, as expected according to prior research. 
The literature suggests that malnutrition is associated with several patient and encounter characteristics, including older age (Hudson et al., 2018; Lanctin et al., 2021; Lengfelder et al., 2022), prolonged hospital length of stay (LOS; Allard et al., 2016; Curtis et al., 2017; Emami et al., 2020; Haines et al., 2021; Hudson et al., 2018; Kichloo et al., 2021; Le et al., 2023; Lee et al., 2022; Lengfelder et al., 2022; Reed et al., 2024; Uhl et al., 2021), increased readmissions (Emami et al., 2020; Hudson et al., 2018; Lengfelder et al., 2022), and non-Hispanic black race/ethnicity compared to non-Hispanic white race/ethnicity (Reed et al., 2024). However, given that the GMCS is a measure of the completeness or thoroughness of malnutrition care provided by a facility, rather than a measure of patients’ malnutrition, we supplemented these a priori hypotheses from the literature with an additional layer of logic to conduct our validity testing in two steps.
First, we tested a series of hypotheses to assess whether our encounter-level data confirms the findings in the literature regarding the factors associated with malnutrition. To do so, we conducted four separate chi-squared tests to assess whether encounters’ malnutrition screening results (possible results are “at-risk” or “not at-risk”) differ significantly across levels of each factor of interest. The factors tested included age (levels: encounters in 1st quartile vs. 4th quartile of age), LOS (levels: encounters in 1st quartile vs. 4th quartile of LOS), readmission status (levels: non-readmission vs. readmission encounters), and race/ethnicity (encounters of non-Hispanic black patients vs. non-Hispanic white patients). Note that the sample sizes used in each chi-squared test are different, given that each test compared a different subset of encounters. 
Following the first set of hypotheses, we introduce the additional layer of logic, which is that we expect higher-risk (in terms of malnutrition) encounters to contribute to lower scores on the GMCS. Given the measure specifications of the GMCS, it becomes increasingly more difficult to obtain high scores (i.e., provide complete care) to higher-risk encounters, as such encounters require more components to be completed. This logic provides us with the second set of hypotheses, where we tested whether the factors associated with malnutrition (same four factors as before) relate to the GMCS as expected. To do so, we conducted four separate paired t-tests (or Wilcoxon signed-rank sum tests in cases where the normality assumption was not met) to assess whether facility scores on the GMCS differ significantly when computed among lower-risk encounters compared to higher-risk encounters. For example, we assessed whether the GMCS when computed among non-readmission encounters differ significantly from when computed among readmission encounters, where each non-readmission GMCS was paired with its corresponding readmission GMCS of the same facility. Note that in the test conducted for the race/ethnicity factor, we only included data from 25 facilities (rather than all 28 facilities), given that 3 facilities had fewer than 11 encounters of non-Hispanic black patients.
In sum, using this two-step analysis, we assessed whether the GMCS relates to various malnutrition-associated factors, including age, LOS, readmission status, and race/ethnicity, as expected. 
1. Data element validity
Data element validity was assessed for the key data elements used to construct the GMCS measure, as well as for supplemental data elements such as patient characteristics. The validity of the GMCS data elements was established by examining the agreement between the data elements in the electronic source data (which included EHR structured fields and clinical notes [EHR charts]) and the electronic data obtained using the eCQM specifications that was used to compute the measure scores. The assessed data elements included all the critical data elements required to calculate the measure:
1. Malnutrition Risk Screening
1. Malnutrition At Risk Result
1. Nutrition Assessment
1. Malnutrition Diagnosis
1. Nutrition Care Plan
1. Ethnicity
1. Payer
1. Race
1. Sex
1. Length of stay
Data element validity was assessed on a sample of N = 180 total encounters, where six facilities each provided data for 30 encounters. 
Note that this analysis is based on testing conducted by AMSTAT. Mathematica did not conduct the analysis and is providing the interpretation of results only.
1. Face validity
We assessed the face validity of the GMCS by conducting a web survey to obtain clinicians’ views of the extent to which the measure reflects quality of malnutrition care. We gauged clinicians’ perspectives by prompting them to indicate their level of agreement (strongly agree, agree, disagree, or strongly disagree) on the following two statements, as well as one additional open-ended question:
1. The GMCS measure score is an accurate reflection of the quality of malnutrition care. (N = 46 responses)
1. The GMCS measure score can be used to distinguish between good and poor quality of malnutrition care. (N = 46 responses)
1. Do you have any recommendations that would help strengthen the face validity of the GMCS measure? (N = 21 responses)
If a clinician disagreed or strongly disagreed with a statement, we additionally asked for an explanation.
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Table X.1 presents the results from the four chi-squared tests. We found significant differences in the malnutrition screening result across all four patient and encounter characteristics. The direction of the differences was as expected according to prior research, where encounters of older patients had more “at-risk” results than younger patients, longer stays more than shorter stays, readmission encounters more than non-readmissions, and encounters of non-Hispanic black patients more than non-Hispanic white patients. 
Table X.1. Results of hypothesis testing for differences in the malnutrition screening result across patient characteristics
	Dependent variable
	Factor
	Levels compared
	N (total patients)
	Statistical test
	Test statistic
	P-value
	Effect size
	Interpretation of the effect
	Conclusion

	Malnutrition screening result
	Age
	1st quartile vs. 4th quartile
	69,517
	Chi-squared test
	
	
	

	Statistically significant differences. Small effect size.
	Older patients at higher risk

	
	Length of stay
	1st quartile vs. 4th quartile
	70,769
	Chi-squared test
	
	
	

	Statistically significant differences. Small effect size.
	Longer stays at higher risk

	
	Readmis-sion status
	Non-readmission vs. readmission
	141,529
	Chi-squared test
	
	
	

	Statistically significant differences. Effect size nearing the threshold for a small effect.
	Readmission patients at higher risk

	
	Race/ ethnicity
	Non-Hispanic black vs. non-Hispanic white
	130,503
	Chi-squared test
	
	
	

	Statistically significant differences. Insignificant effect size.
	Black patients at higher risk but the effects do not reach the threshold of a small effect. 


 
The φ (phi) effect size, is a measure of association used to determine the strength and direction of the relationship between two categorical variables. It is similar to the Pearson correlation coefficient for continuous variables but is specifically designed for binary (yes/no) data. The φ coefficient ranges from -1 to 1, where -1 indicates a perfect negative association, 1 indicates a perfect positive association, and 0 indicates no association between the variables. For φ effect size coefficient, the values of 0.10, 0.30 and 0.50 indicate, respectively, small, medium and large effects. 

The Cohen’s h effect size, is a measure of the difference in proportions between two groups. It is used for comparing the proportions of two groups when the data are binary (e.g., success/failure, yes/no). Cohen's h provides a standardized measure of effect size, allowing for comparisons across different studies or contexts. For Cohen’s h effect size coefficient, the values of 0.20, 0.50 and 0.80 indicate, respectively, small, medium and large effects.

Table X.2 shows the results from the four paired t-tests and Wilcoxon signed-rank sum tests. Unexpectedly, we found non-significant differences for the age and LOS factors, meaning that facilities’ GMCS measure scores did not differ meaningfully across encounters of older and younger patients and across longer and shorter stays. On the other hand, as hypothesized, we found significant differences in facilities’ GMCS measure scores across the readmission status and race/ethnicity factors. The direction of the differences was as expected, where the GMCS computed among readmission encounters were lower than that of non-readmission encounters, and the GMCS computed among encounters of non-Hispanic black patients were lower than that of non-Hispanic white patients.
Table X.2. Results of hypothesis testing for differences in the GMCS measure across patient characteristics
	Dependent variable
	Factor
	Levels compared
	N (# facilities)
	Statistical test
	Test statistic
	P-value
	Effect size
	Conclusion

	GMCS measure score
	Age
	1st quartile vs. 4th quartile
	28
	Paired t-test
	
	
	
	No significant difference

	
	Length of stay
	1st quartile vs. 4th quartile
	28
	Paired t-test
	
	
	
	No significant difference

	
	Readmission status
	Non-readmission vs. readmission
	28
	Wilcoxon signed-rank sum test
	
	
	
	Readmission encounters have a lower GMCS 

	
	Race/ethnicity
	Non-Hispanic black vs. non-Hispanic white
	25*
	Wilcoxon signed-rank sum test
	
	
	
	Non-Hispanic black patients have a lower GMCS


*Note: Using n=25 facilities because for privacy reasons, facilities with less than 11 non-Hispanic black patients were removed from the data for these tests. 

Cohen's d is a measure of effect size commonly used in the context of comparing the means of two groups. For Cohen’s d effect size coefficient, the values of 0.20, 0.50 and 0.80 indicate, respectively, small, medium and large effects. The Wilcoxon signed-rank test is a non-parametric statistical test used to compare two related samples or paired data, which we used in place of the paired sample t-test in cases where the normality assumption was not met. The Wilcoxon test can be used to calculate an effect size denoted as r, which represents the extent to which the measure score in one group differ from the scores in another group. To interpret the r effect size, we used the same cutoffs we used for interpreting Cohen’s d. 
Data element validity
The results demonstrate no variation in the validity or the data elements by sites, with all sites reporting 100% agreement on all tested data elements (Table X.3). 
Table X.3. Results of the data element validity testing
	Data element
	Data-element description and value set
	Agreement between the source data and the electronic data obtained using the eCQM specifications (%)

	Nutrition Assessment
	"Assessment, Performed: Malnutrition Assessment" using "Malnutrition Assessment (2.16.840.1.113762.1.4.1095.29)"
	100

	Malnutrition Screening
	"Assessment, Performed: Malnutrition Risk Screening" using "Malnutrition Risk Screening (2.16.840.1.113762.1.4.1095.40)"
	100

	Malnutrition Screening
	"Assessment, Performed: Malnutrition Screening At Risk Result" using "Malnutrition Screening At Risk Result (2.16.840.1.113762.1.4.1095.38)"
	100

	Malnutrition Diagnosis
	"Diagnosis: Malnutrition Diagnosis" using "Malnutrition Diagnosis (2.16.840.1.113762.1.4.1095.55)"
	100

	Length of stay
	"Encounter, Performed: Encounter Inpatient" using "Encounter Inpatient (2.16.840.1.113883.3.666.5.307)"
	100

	Malnutrition Care Plan
	"Intervention, Performed: Nutrition Care Plan" using "Nutrition Care Plan (2.16.840.1.113762.1.4.1095.88)"
	100

	Hispanic Ethnicity
	"Patient Characteristic Ethnicity: Ethnicity" using "Ethnicity (2.16.840.1.114222.4.11.837)"
	100

	Insurance
	"Patient Characteristic Payer: Payer" using "Payer (2.16.840.1.114222.4.11.3591)"
	100

	Race
	"Patient Characteristic Race: Race" using "Race (2.16.840.1.114222.4.11.836)"
	100

	Sex
	"Patient Characteristic Sex: ONC Administrative Sex" using "ONC Administrative Sex (2.16.840.1.113762.1.4.1)"
	100


Face validity
The responses to the web survey revealed overall support among clinicians for the face validity of the GMCS measure. Most clinicians agreed or strongly agreed that the GMCS measure score is an accurate reflection of malnutrition care quality (84.8%; Question a), and most clinicians agreed or strongly agreed that it can be used to distinguish between good and poor quality of malnutrition care (73.9%; Question b). No clinicians strongly disagreed with either of these two statements. Of the clinicians who disagreed with these statements, a commonly expressed concern was that the GMCS measure only captures the completion or documentation of the care components, rather the quality or effectiveness of the provided assessments and interventions. 
Finally, we received several recommendations to strengthen the face validity of the GMCS measure. These recommendations included the addition of monitoring and evaluation of care to assess care quality and impacts, to define specific aspects needed in a nutrition care plan, to add a discharge component to the measure, and to promote dietitians’ (who are the experts in nutrition) active participation and lead in implementing the measure.
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