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eAppendix. Methods 

Oral medications included alpha-glucosidase inhibitors, sulfonylureas, 

biguanides, thiazolidinediones, meglitinides, Dipeptidyl peptidase-4 inhibitors (DPP-4 

Inhibitors), and combination oral diabetes therapies.   

Insulin medication included all insulin except inhaled insulin. Injected glucagon-

like peptide-1 agonists (pramlintide, exenatide, or liraglutide) were excluded from the 

analysis. 

As a measure of socioeconomic status, we calculated the neighborhood 

deprivation index (NDI) based on 2010 census tract boundaries using 2005-2009 

American Community Survey census data, and applied to the first recorded patient 

address in the period 1/1/2006-12/31/2010. 25  NDI was then categorized, based on 

quartiles of the distribution among all census tracts used in the creation of the NDI 

measure.  

 Patient characteristics not used as covariates (because the DAG analysis did not 

require them), but shown in Table 2 to further describe the patient population, included 

co-morbidities, depression, number of chronic (non-diabetic) medications dispensed, out-

of-pocket medication cost in the 6 months prior to index date, use of oral hypoglycemics 

or insulin, no diabetes medication use, and hemoglobin A1c.  The Charlson co-morbidity 

index was used to measure co-morbidities (not including diabetes) in the calendar year 

prior to the index date year, and was grouped into four levels (< 1, 1 to < 2, 2 to < 3, and 

≥ 3).   Depression was defined by physician diagnosis (ICD-9 code:  296.2x, 296.3x, 

298.0, 300.4, 309.0, 309.28, 311) or prescribed medications (citalopram, fluoxetine, 
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fluvoxamine, paroxetine, sertraline, escitalopram, bupropion, isocarboxazid, maprotiline, 

mirtazapine, nefazodone, phenelzine, tranylcypromine, trazodone, venlafaxine, 

duloxetine, desvenlafaxine) in the calendar year prior to the index date year.  Number of 

chronic (non-diabetic) medications dispensed and out-of-pocket medication cost, use of 

oral hypoglycemics or insulin, or no diabetes medication use, was measured during the 

12 months prior to the index date.  Hemoglobin A1c was measured as the latest measure 

within 6 months prior to the index date and was used to indicate poor glycemic control, 

defined as hemoglobin A1c ≥ 9.0%. 
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eFigure. Directed Acyclic Graph Illustrating Covariate Selection to Obtain an 
Unconfounded Estimate of the Indirect Effect of Patient-Provider Language Concordance 
on Adherence For Newly Prescribed Diabetes Medications.   

 

Relationships between variables associated with patient-provider language concordance 
and adherence are displayed.  Employing established methods for analysis of a directed 
acyclic graph (DAG), variables are identified as potential confounders of the association 
between language concordance and adherence.  The analysis indicates that variables in 
the shaded boxes are to be included in multivariate analysis, with adjustments only for 
patient and provider (PCP) characteristics being necessary for inclusion as confounders, 
and thus covariates, in the multivariate model.  Variables in the white boxes are to be 
excluded as potential confounders and covariates.  Based on DAG analysis, dotted 
arrows indicate causal pathways between language concordance and medication 
adherence which contain confounders that have been blocked by adjustment; the dashed 
line represents a spurious association that does not confound the association between 
language concordance and medication adherence; the dash-double dotted arrow displays 
open causal pathway and possible residual confounding, and solid arrows identify causal 
pathways for the indirect effects.  The resulting multivariate model estimates the indirect 
effect of patient-provider language concordance on adherence.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PATIENT CHARACTERISTICS 

   Race / Ethnicity 

   Language 

   Age 

   Sex 

        KP Facility 

   Health Seeking Behavior 

PCP CHARACTERISTICS 

   Race 

   Language 

Number of Chronic 
(non‐diabetic) 
Medications 

Out of Pocket 
Medication Cost 

Clinically Recognized 
Comorbid Burden 
(includes depression) 

Quality of Patient‐Physician 
Communication 

Adherence for Newly Prescribed 
Diabetes Medication 

Language 
Concordance 



© 2017 American Medical Association. All rights reserved. 

eTable. Adjusted Relative Risk (95% CI) of Nonadherence to Newly Prescribed Diabetes 
Medications for Latino Groups Compared With Whites (N = 30,838) and For Limited 
English Proficient Latinos Compared With English-Speaking Latinos (N = 8960) Based 
on DAG-Guided Analysis 

 White (reference) English-
speaking 
Latino 

(reference) 

 English-
speaking 
Latino  

LEP Latino LEP 
Concordant 

LEP 
Discordant 

LEP 
Latino  

Oral diabetes 
prescriptions 

          

Primary 
non-adherence       

1.39 
(1.23,1.58)* 

1.66 
(1.43,1.92)* 

1.72 
(1.40,2.12)* 

1.61 
(1.35,1.93)* 

1.19 
(1.02,1.39) 

† 
Early stage 

non-persistence  
1.36 

(1.28,1.45)* 
1.58 

(1.47,1.70)* 
1.59 

(1.43,1.76)* 
1.58 

(1.44,1.72)* 
1.16 

(1.07,1.26) 

† 
Later stage 

non-persistence  
1.28 

(1.23,1.33)* 
1.49 

(1.42,1.56)* 
1.47 

(1.37,1.56)*   
1.50 

(1.42,1.59)* 
1.16 

(1.11,1.22) 

† 
Inadequate 

adherence based  
   on NPMG 

1.27 
(1.23,1.31)* 

1.43 
(1.37,1.48)* 

1.40 
(1.32,1.47)* 

1.45 
(1.38,1.52)* 

1.13 
(1.08,1.17) 

† 
Insulin 
prescriptions 

          

Primary 
non-adherence       

1.28 
(1.02,1.60)* 

1.21 
(0.89,1.63) 

1.23 
(0.84,1.82) 

1.16 
(0.77,1.75) 

0.94 
(0.68,1.31) 

Early stage 
non-persistence  

1.30 
(1.17,1.43)* 

1.54 
(1.36,1.74)* 

1.51 
(1.27,1.81)* 

1.56 
(1.35,1.81)* 

1.19 
(1.04,1.36) 

† 
Note:  Adjusted for patient age, sex, and neighborhood deprivation index; and provider age, sex, 
and race/ethnicity. 

Abbreviations:  LEP:  limited English proficient;  LEP Concordant:  LEP Latino patient with 
language concordant primary care provider;  LEP Discordant:  LEP Latino patient with language 
discordant primary care physician.  NPMG:  New Prescription Medication Gap (adherence 
defined as ‘‘adequate’’ or ‘‘inadequate’’ based on gaps in medication supplies of < 20% or ≥ 20% 
of the time, respectively, starting from the prescribing date or date of first dispensing). 

*Compared to Whites: p-value <0.05.  

 †Compared to English-speaking Latino: p-value <0.05. 


