Appendix: Association between access to care and direct healthcare costs in people with and at high-risk of chronic kidney disease in the United States: A pooled cross-sectional study using the Medical Expenditure Panel Survey
Identification of Study sample
Inclusion criteria were:
· Included in 2016, 2017, 2018, 2019 or 2020 MEPS samples.
· Aged 18 or older at the time of survey response.
· At least one diagnosis with a 3-digit ICD-10 code of one or more of the conditions of interest (Study groups of primary interest): 
· CKD: N18
· KF: N19
· T2D: E11
· HTN: I10

No exclusion criteria were applied. However, when constructing nationally representative estimates, weights were adjusted to account for multi-year tracking of certain individuals.
The time range of 2016-2020 was selected because beginning in 2016, diagnoses within the MEPS are coded using 3-digit ICD-10 codes and 2020 is the last year for public release of the HC and the SAQ. Thus, this period enabled a consistent approach to sample identification. The exact ICD-10 codes and MEPS data files that were used to identify this study’s sample are listed in Table 2 below.
Two main study populations were identified within the MEPS. The first, the CKD-KF population, contained all those with at least one diagnosis of either CKD and/or KF. The second, the elevated risk population, contained all those with at least one diagnostic code for T2D and/or HTN but no diagnosis of CDK or KF. The following figure shows these populations. The table following this figure lists the condition, 3-digit ICD-10 code and source files.
	[bookmark: _Ref150792346][bookmark: _Toc153885741][bookmark: _Ref150792310]Figure 2: Population Venn diagram by ICD-10 three-digit code
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[bookmark: _Ref149664877][bookmark: _Ref139980805][bookmark: _Ref136866189][bookmark: _Toc153885733]Table 1: Disease Identification with MEPS
	Disease Condition
	ICD-10-CM Code (3-digit)
	Source File
	File Name(s)

	Chronic kidney disease 
	N18
	MEPS Conditions File
	2016: HC-192
2017: HC-201
2018: HC-209
2019: HC-216
2020: HC-224

	Kidney failure
	N19
	MEPS Conditions File
	2016: HC-192
2017: HC-201
2018: HC-209
2019: HC-216
2020: HC-224

	Type II diabetes mellitus

	E11
	MEPS Condition File
	2016: HC-192
2017: HC-201
2018: HC-209
2019: HC-216
2020: HC-224

	Hypertension 
	I10
	MEPS Conditions File
	2016: HC-192
2017: HC-201
2018: HC-209
2019: HC-216
2020: HC-224


Abbreviations: ICD-10-CM, International Classification of Diseases 10th Revision, Clinical Modification; MEPS, Medical Expenditure Panel Survey; US, United States.

It is important to note that this approach to sample identification, which is based upon diagnostic codes, may differ from approaches utilized in other studies leveraging MEPS data. For instance, the online MEPS-HC data tool (https://datatools.ahrq.gov/meps-hc#varExp) identifies T2D using reported results from A1C tests. To ensure a consistent approach to disease identification and retain an elevated focus upon CKD-KF, this study used three-digit ICD-10 diagnosis codes across all conditions.
Covariates
The following lists sociodemographic factors considered as covariates in final regression models. 
[bookmark: _Ref149665763][bookmark: _Ref136872381][bookmark: _Ref136600264][bookmark: _Ref136866198]Table 2: Measures of Demographic and Socio-Economic Factors
	Variable
	MEPS Code
	Variable Operationalization
	Type and Values
	MEPS File

	Age

	2016= Age16x
2017= Age17x
2018= Age18x
2019= Age19x
2020= Age20x
	Age as of 31 December of the year of interview
	Categorical
· 18-44
· 45-64
· 65+
· Missing
	MEPS – HC

	Sex

	Sex

	Biological Sex
	Binary 
· Male
· Female
	MEPS – HC

	Race/Ethnicity

	Racethx
	Self-reported race/ethnicity
	Categorical
· NH White
· NH black 
· Hispanic
· Other
· Missing
	MEPS – HC

	Education

	Hideg
	Highest level of education attained by a respondent as of the time of interview
	Categorical
· Less than college
· College
· Graduate school 
· Other 
· Missing
	MEPS – HC

	Region



	2016= Region16
2017= Region17
2018= Region18
2019= Region19
2020= Region20

	Respondent’s census region of residence as of 31 December of the year
	Categorical
· Northeast 
· Midwest 
· South 
· West 
· Missing
	MEPS – HC

	Marital status

	2016= Marry16x
2017= Marry17x
2018= Marry18x
2019= Marry19x
2020= Marry20x
	Whether a respondent is married, separated/divorce, or never married
	Categorical
· Married
· Separated/divorced/widowed
· Never married Missing
	MEPS – HC

	Family’s Income

	2016= Famic16
2017= Famic17
2018= Famic18
2019= Famic19
2020= Famic20
	The total income of the family of the respondents from all sources excluding tax returns and capital gains
	Categorical
· 0-25,000
· 25,000-49,999
· 50,000-74,999 
· 75,000+
· Missing
	MEPS – HC


[bookmark: _Toc150791265]MEPS Variables for Access
The following lists the measure of access used as the key variables of interest in the study.
[bookmark: _Ref150257498][bookmark: _Ref143529120]Table 3: Measures of Access to Care
	Variable
	MEPS Code
	Variable Operationalization
	Type and Values
	MEPS File

	Insurance Coverage:

	2016= Inscov16
2017= Inscov17
2018= Inscov18
2019= Inscov19
2020= Inscov20
	Type of insurance that a respondent has at the time of interview
	Categorical
· Public 
· Private 
· Uninsured 
· Missing
	MEPS – HC

	Usual Source of Care

	Haveus42
	Self-report that a respondent has a particular medical professional, doctor’s office, clinic, health center, or other place to go if sick or in need of advice about his/her health
	Categorical
· Yes
· No
	MEPS – HC

	Type of USC

	Plctyp42
	Usual Source of Care Type
	Categorical
· Hospital 
· Clinic/outpatient 
· Emergency Department
· Non-hospital
· Missing
	MEPS – HC

	Financial Barriers

	PYUNBL42
	Unable to pay family medical bills
	Categorical
· Yes
· No
· Missing
	MEPS – HC

	Ability to schedule care appointments

	ADRTWW42
	Got Med Appt When Wanted
	Categorical
· Never
· Sometimes 
· Usually
· Always
· Missing
	Self-Administered Questionnaire (SAQ)



[bookmark: _Toc157592816]Abbreviation: MEPS – HC, Medical Expenditure Panel Survey – Household Component
MEPS Variables included in study Outcome
The study had two objectives and performed two sets of regression analyses.  The first addressed CKD status and its relationship to access.  The following tables lists measure of access used as the dependent variables in these logistic regressions.


[bookmark: _Ref149664372][bookmark: _Ref143529126]Table 4: Measures of Access by Dimension of Care
	Dimension: Coverage 

	Outcome type
	Outcome 
	Description 

	Primary
	Insurance coverage 
	Type of insurance held at time of interview (Public, Private, Uninsured)

	Primary
	Financial barriers
	Self-reported difficulty in paying medical bills

	Dimension: Services 

	Outcome type
	Outcome 
	Description 

	Primary
	Type of Usual Care 
	Usual source of healthcare

	Dimension: Timeliness 

	Outcome type
	Outcome 
	Description 

	Primary
	Ability to schedule care appointments 
	Self-report that a respondent is able to schedule timely appointments with desired providers when wanted.

	Dimension: Workforce 

	Outcome type
	Outcome 
	Description 

	Primary
	Have a usual source of care
	If the respondent has an office or health center where they usually receive care/health advice 



The second objective was relating access and CKD status to utilization and costs.  The following tables lists MEPS variables used to construct the total cost variables in those regressions.

[bookmark: _Ref150789217][bookmark: _Ref145929201]Table 5: MEPS Cost Variables Included in Study
	Outcome 
	Variable Name in MEPS
	Type of Variables
	Description 

	Total healthcare expenditures 
	TOTEXPYY*
	Continuous
	All healthcare payments by either a third party (Medicare, Medicaid, private, or other) or the self-reported patient out-of-pocket expenses 

	Inpatient admissions+ 
	IPDISYY
	Count
	Admissions to an inpatient care facility 

	Total hospital length of stay+
	IPNGTDYY + IPDISYY
	Continuous
	Total overnight days at an inpatient care facility 

	Hospital (inpatient) healthcare expenditures 
	IPTEXPYY
	Continuous
	All healthcare payments to an inpatient facility by either a third party or the self-reported patient out-of-pocket 

	Outpatient encounters 
	OPTOTVYY
	Count
	The number of visits to an outpatient provider 

	Outpatient healthcare expenditures 
	OPTEXPYY
	Continuous
	All healthcare payments to an outpatient provider or facility by either a third party or self-reported out-of-pocket 

	Emergency department encounters 
	ERTOTYY
	Count
	A count of all encounters at an Emergency Department 

	Emergency department expenditure
	ERTEXPYY
	Continuous
	Cost of all emergency room visits reported for the survey year.

	[bookmark: _Hlk143110972]Pharmacy encounters 
	RXTOTYY
	Count
	The number of prescriptions including refills 

	Pharmacy expenditures 
	RXEXPYY
	Continuous
	All pharmacy payments by either a third party (Medicare, Medicaid, private, or other) or the self-reported patient out-of-pocket expenses 

	Primary care encounters (also CKD-specific)& 
	DRSPLTY_M18
	Count
	A count of all outpatient encounters with a provider whose specialty is family practice(6), internal medicine(14), OBGYN(11), or general practitioner(8) 


Abbreviations: CKD, chronic kidney disease; MEPS, Medical Expenditure Panel Survey; OBGYN, obstetrics gynecology
*YY= 2-digit year e.g. TOTEXP19 represents total healthcare expenditure for year 2019
+These variables may be combined to define additional outcomes such as: average length of stay and longest length of stay
&Provider specialty is not available on the annual, patient-level consolidated file and may only be used in secondary analysis.
Details on Statistical Models and Model Selection
[bookmark: _Toc342653748][bookmark: _Toc66728629][bookmark: _Toc179310804]Main summary measures
[bookmark: _Toc342653749][bookmark: _Toc66728630]All outcome variables were first summarized with appropriate statistics. Categorical outcomes were summarized as the percentage of the sample, or sub-sample, of interest within each category. Continuous outcomes were summarized using mean, standard deviation and counts.
[bookmark: _Ref172536258][bookmark: _Ref172552020][bookmark: _Toc179310805]Main statistical methods
Prior to estimating any multivariable, empirical models, descriptive statistics of demographic, socioeconomic, and access to care variables for the CKD, KF and at elevated risk of CKD populations were created. 
Most of the variables used in this study are categorical. Following initial tabulations and review of these variables, definitions of variables used in final analysis were applied. Examples of these definitions are: collapsing the education variable (Hideg) into categories of post-secondary education or not, collapsing marital status into Never Married or Married, and combining having a usual source of care (Haveus42) and type of usual source of care (Plctyp42) to highlight those with a clinic/outpatient usual source of care.
A structured, sequential approach to all analyses was followed. This approach protected against performing inappropriate analysis (i.e., a logistic regression with quasi-separation) while still providing meaningful insights. The steps to this approach were:
1. Univariate analyses: Prior to performing any comparisons or constructing cross-tabulations, each outcome of potential covariate was examined. These included the range and distribution of each variable, identifying small cell counts, and determining the correct weight needed to construct US level estimates. Results of this initial screening are embedded in manuscript and appendix tables.
2. Bivariate analyses with outcomes: For each outcome of interest, a set of contingency tables identified variables significantly associated with the outcome of interest. These analyses used correlation tests appropriate to the outcome and causal variable of interest. Results from this analysis are provided in Tables 1 and 2 in the manuscript.
3. [bookmark: _Ref154054830]Multivariable analysis: Multivariable regressions adjusted for factors such as age, geography, and comorbidity status (Table 1 of the manuscript). These models focused upon the association between covariates and access (Objective 1: Results in Table 2 of the manuscript as Odds Ratios) or costs and HCRU (Objective 2: Results in Table 3 of the manuscript). 
a. For the first objective, logistic regressions were estimated.  
b. For the second, multivariable regression models assuming gamma-distributed errors were estimated, and in the case of a large zero-mass (i.e. a significant proportion of the same with none of the type of utilization being considered) a hurdle model was estimated.
4. Missing Data: Varying degrees of missingness occurred for many of the access measures. Listwise deletion was used and analytic samples adjusted for each multivariable regression and both the final number of responses and weighted size of the analytic sample noted.


Supplementary Results
Table 6. Unadjusted Annual Healthcare Costs by Kidney Disease Risk Category and Sociodemographic Characteristics
	
	Estimate
	95% CI

	CKD risk group
	
	

	High-risk
	$13,516
	$13,139, $13,892 

	CKD/KF
	$49,693
	$44,225, 55,161

	Insurance type
	
	

	Private
	$6,995.90
	$6,667, $7,324

	Public
	$9,417.29
	$9,010, $9,824

	Uninsured
	$2,913.32
	$2,649, $3,178

	Age, %
	
	

	18-44
	$5,445.91
	$5,172, $5,720

	45-64
	$8,815.49
	$8,455, $9,176

	≥65
	$8,994.95
	$8,564, $9,426

	Sex, %
	
	

	Female
	$9,117.10
	$8,820, $9,415

	Male
	$6,364.70
	$6,152, $6,577

	Race/Ethnicity, %
	
	

	NH White
	$8,698.25
	$8,452, $8,944

	Hispanic
	$5,571.43
	$5,139, $6,003

	NH Black
	$6,401.20
	$5,916, $6,887

	NH Other
	$6,153.32
	$5,521, $6,785

	Region, %
	
	

	Midwest
	$8,142.47
	$7,689, $8,596

	Northeast
	$7,824.17
	$7,418, $8,230

	South
	$7,438.93
	$7,137, $7,741

	West
	$8,066.45
	$7,618, $8,515

	Education, %
	
	

	Less than College
	$7,163.89
	$6,945, $7,383

	College
	$8,471.99
	$7,999, $8,945

	Graduate School
	$9,315.77
	$8,567, $10,064

	Other
	$8,603.00
	$7,776, $9,430

	Missing
	
	

	Annual income ($), %
	
	

	0-23,999
	$8,292.00
	$7,894, $8,690

	24,000-49,999
	$7,012.09
	$6,682, $7,342

	50,000-74,999
	$7,565.93
	$7,080, $8,051

	≥75,000
	$8,044.97
	$7,727, $8,363

	Marital status, %
	
	

	Married
	$6,564.13
	$6,147, $6,981

	Never Married
	$7,933.54
	$7,660, $8,208

	Separated, Divorced, or Widowed
	$8,421.75
	$8,035, $8,809


Abbreviations: CI, confidence interval; CKD, chronic kidney disease; KF, kidney failure; NH, non-Hispanic
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