
JAMA Surg. 2023 Sep; 158(9): 901–908.
Published online 2023 Jun 28. doi: 10.1001/jamasurg.2023.2277:

10.1001/jamasurg.2023.2277

PMCID: PMC10308294
PMID: 37379001

Trial Participation and Outcomes Among English-Speaking and Spanish-Speaking
Patients With Appendicitis Randomized to Antibiotics

A Secondary Analysis of the CODA Randomized Clinical Trial

Elina Serrano, MD, MPH, Emily C. Voldal, PhD, David Machado-Aranda, MD, Daniel A. DeUgarte, MD,

Lillian Kao, MD, MPH, Thurston Drake, MD, MPH, Robert Winchell, MD, Joseph Cuschieri, MD,
Anusha Krishnadasan, PhD, David A. Talan, MD, Nicole Siparsky, MD, Patricia Ayoung-Chee, MD, MPH,

Wesley H. Self, MD, MPH, Patrick McGonagill, MD, Katherine A. Mandell, MD, MPH, Mike K. Liang, MD,

Shan-Jahan Dodwad, DO, Callie M. Thompson, MD, Reynaldo M. Padilla, BA, Ross Fleischman, MD,
Thea P. Price, MD, Alan Jones, MD, Karla Bernardi, MD, Luis Garcia, MD, Heather L. Evans, MD,
Sabrina E. Sanchez, MD, MPH, Stephen Odom, MD, Bryan A. Comstock, MS, Patrick J. Heagerty, PhD,

Sarah O. Lawrence, MA, Sarah E. Monsell, MS, Erin E.C. Fannon, BA, Larry G. Kessler, ScD, David R. Flum, MD,
MPH, and Giana H. Davidson, MD, MPH , for the Writing Group for the CODA Collaborative

University of Washington, Seattle
Fred Hutch Cancer Center, Seattle, Washington

Michigan Medicine, Ann Arbor, Michigan
Harbor–UCLA Medical Center, West Carson, California
McGovern Medical School, The University of Texas Health Science Center at Houston, Houston

Boston University Medical Center, Boston, Massachusetts
Weill Cornell Medical Center New York City, New York
Harborview Medical Center, UW Medicine, Seattle, Washington

University of California, San Francisco, San Francisco
Olive View–UCLA Medical Center, Los Angeles, California
Ronald Reagan UCLA Medical Center, Los Angeles, California

The Swedish Medical Center, Seattle, Washington
Bellevue Hospital Center, NYU School of Medicine, New York, New York
Tisch Hospital, NYU Langone Medical Center, New York, New York

Morehouse School of Medicine, Atlanta GA
Vanderbilt University Medical Center, Nashville, Tennessee
University of Iowa Hospitals and Clinics, Iowa City
Lyndon B. Johnson General Hospital, University of Texas, Houston

University of Houston, HCA Healthcare, Kingwood, Kingwood, Texas
University of Utah, Salt Lake City
Rush University Medical Center, Chicago, Illinois

The University of Mississippi Medical Center, Jackson

 1 , 2  1 , 2  3  4

 5  6  7  8 , 9

 10  10 , 11  12  13 , 14

, 15  16  17  12  18 , 19

 5  16 , 20  10  4

 21  22  18  17  8 , 23

 6  24  1  1

 1  1  1  1 

 1  1 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

JAMA Surgery

https://pubmed.ncbi.nlm.nih.gov/37379001
https://pubmed.ncbi.nlm.nih.gov/?term=Serrano%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Voldal%20EC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Machado-Aranda%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=DeUgarte%20DA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kao%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Drake%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Winchell%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cuschieri%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Krishnadasan%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Talan%20DA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Siparsky%20N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ayoung-Chee%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Self%20WH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=McGonagill%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mandell%20KA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Liang%20MK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dodwad%20SJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Thompson%20CM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Padilla%20RM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fleischman%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Price%20TP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jones%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bernardi%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Evans%20HL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sanchez%20SE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Odom%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Comstock%20BA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Heagerty%20PJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lawrence%20SO%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Monsell%20SE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fannon%20EE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kessler%20LG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Flum%20DR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Davidson%20GH%5BAuthor%5D


The Medical University of South Carolina, Charleston
Beth Israel Deaconess Medical Center, Boston, Massachusetts

Corresponding author.
Article Information

Group Information: The members of the Writing Group for the CODA Collaborative appear in Supplement 3.

Accepted for Publication: March 28, 2023.

Published Online: June 28, 2023. doi:10.1001/jamasurg.2023.2277

Corresponding Author: David R. Flum, MD, MPH, Surgical Outcomes Research Center, Department of Surgery,
University of Washington, Box 356410, 1959 NE Pacific St, Seattle, WA 98195-6410 (daveflum@uw.edu).

Author Contributions: Drs Voldal and Monsell had full access to all of the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: DeUgarte, Drake, Krishnadasan, Talan, Fleischman, Price, Bernardi, Garcia, Evans, Odom,
Heagerty, Monsell, Fannon, Flum, Davidson.

Acquisition, analysis, or interpretation of data: Serrano, Voldal, Machado-Aranda, Kao, DeUgarte, Drake, Winchell,
Cuschieri, Talan, Siparsky, Ayoung-Chee, Self, McGonagill, Mandell, Liang, Dodwad, Thompson, Padilla, Fleischman,
Price, Jones, Bernardi, Evans, Sanchez, Odom, Comstock, Heagerty, Lawrence, Monsell, Fannon, Kessler, Flum,

Davidson.

Drafting of the manuscript: Serrano, Voldal, Machado-Aranda, Siparsky, Liang, Padilla, Flum, Davidson.

Critical revision of the manuscript for important intellectual content: Voldal, Machado-Aranda, Kao, DeUgarte, Drake,
Winchell, Cuschieri, Krishnadasan, Talan, Siparsky, Ayoung-Chee, Self, McGonagill, Mandell, Liang, Dodwad,

Thompson, Fleischman, Price, Jones, Bernardi, Garcia, Evans, Sanchez, Odom, Comstock, Heagerty, Lawrence,
Monsell, Fannon, Kessler, Flum, Davidson.

Statistical analysis: Voldal, Odom, Comstock, Heagerty, Monsell, Davidson.

Obtained funding: Comstock, Heagerty, Fannon, Flum, Davidson.

Administrative, technical, or material support: DeUgarte, Drake, Talan, Self, Liang, Dodwad, Thompson, Padilla,
Fleischman, Bernardi, Heagerty, Lawrence, Fannon, Kessler, Flum, Davidson.

Supervision: Serrano, DeUgarte, Drake, Cuschieri, Krishnadasan, Talan, Self, Fleischman, Jones, Comstock, Monsell,
Flum, Davidson.

Conflict of Interest Disclosures: Dr Serrano reported grants from the Patient-Centered Outcomes Research Institute
(1409-24099) and the National Institute of Diabetes and Digestive and Kidney Diseases (T32 training grant; award
T32DK070555) during the conduct of the study. Dr Evans reported advisory board fees from Crely outside the submitted

23

24

mailto:dev@null


work. Dr Fannon reported contract fees from the University of Washington and the Patient-Centered Outcomes
Research Institute during the conduct of the study. Dr Flum reported contract fees from University of Washington and

the Patient-Centered Outcomes Research Institute (1409-24099) during the conduct of the study. Dr. Liao reported per-
sonal fees from the Kaiser Permanente Washington Health Research Institute; honoraria from Wolters Kluwer, the
Journal of Clinical Pathways, and the American College of Physicians; and grants from the National Institute of Aging;

all outside of the submitted work. Dr. Thompson reported serving as a reviewer for the Shriner’s Research Fund and re-
ceiving personal fees from UpToDate. Dr Price reported association with Kerecis, Acera, and Medline as a key opinion
leader. Dr Evans reported advisory board fees from Tetraphase Pharmaceuticals. No other disclosures were reported.

Funding/Support: This study was supported by a grant from the Patient-Centered Outcomes Research Institute,
PCORI Award (1409-240099). Dr. Serrano was supported by the National Institute of Diabetes and Digestive and

Kidney Diseases of the National Institutes of Health (T32DK070555).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection, management,

analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the
manuscript for publication.

Disclaimer: The CODA Collaborative writing committee assumes responsibility for the content of this article. The views
presented in this work are solely the responsibility of the authors and do not necessarily represent the views of the
Patient-Centered Outcomes Research Institute, its board of governors, or its methodology committee, or the official

views of the National Institutes of Health.

Group Information: Writing Group for the CODA Collaborative members are listed in Supplement 3.

Data Sharing Statement: See Supplement 4.

Additional Contributions: We would like to thank Erin Fannon, BA, University of Washington, for coordinating the de-
velopment of this article and Karen McGrane, MD, Madigan Army Medical Center, for her contribution to this article. We
would also like to thank the research staff members with SORCE (University of Washington, Department of Surgery)

who made this work possible including Catalina Gibbons, BS, Heather Harris, BS, Madison Hollcroft, MPH, Mariam
Hantouli, MD, Sandra Mata-Diaz, BS, Stephanie Benipal, MPA, Stephanie Herrera, BS, Susan Robles, BA, Solange
Mecham, BA, Jenney Lee, MA, Alejandra Silva Hernandez, MPH , Sarah Rinehart, BS, Addy Borges, MPH, Jennifer

Cox, BA, Jeanette Yang, MPH, Maianna Dematteis, BS, and Alex Ruiz, BS.

Received 2022 Dec 20; Accepted 2023 Mar 28.

Copyright 2023 American Medical Association. All Rights Reserved.

This study describes trial participation and compares clinical and patient-reported outcomes
among Spanish-speaking and English-speaking participants randomized to antibiotics.

Key Points

Question

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/


Are there differences in trial participation, clinical outcomes, and patient-reported outcomes be-
tween Spanish-speaking and English-speaking participants with acute appendicitis randomized to
antibiotics?

Findings

In this cohort study, which is a secondary analysis of the Comparison of Outcomes of Antibiotic
Drugs and Appendectomy trial that included 1552 participants (776 randomized to antibiotics),
476 Spanish speakers agreed to randomization. Spanish speakers missed 6.69 days of work on av-
erage, while English speakers missed 3.76 days; clinical and other patient-reported outcomes were
similar among Spanish-speaking and English-speaking participants.

Meaning

These �indings suggest that antibiotic management of acute appendicitis does not lead to worse
clinical outcomes in Spanish-speaking patients who received culturally sensitive, language concor-
dant care at the participating sites.

Abstract

Importance

Spanish-speaking participants are underrepresented in clinical trials, limiting study generalizability
and contributing to ongoing health inequity. The Comparison of Outcomes of Antibiotic Drugs and
Appendectomy (CODA) trial intentionally included Spanish-speaking participants.

Objective

To describe trial participation and compare clinical and patient-reported outcomes among
Spanish-speaking and English-speaking participants with acute appendicitis randomized to
antibiotics.

Design, Setting, and Participants

This study is a secondary analysis of the CODA trial, a pragmatic randomized trial comparing an-
tibiotic therapy with appendectomy in adult patients with imaging-con�irmed appendicitis enrolled
at 25 centers across the US from May 1, 2016, to February 28, 2020. The trial was conducted in
English and Spanish. All 776 participants randomized to antibiotics are included in this analysis.
The data were analyzed from November 15, 2021, through August 24, 2022.

Intervention

Randomization to a 10-day course of antibiotics or appendectomy.



Main Outcomes and Measures

Trial participation, European Quality of Life–5 Dimensions (EQ-5D) questionnaire scores (higher
scores indicating a better health status), rate of appendectomy, treatment satisfaction, decisional
regret, and days of work missed. Outcomes are also reported for a subset of participants that
were recruited from the 5 sites with a large proportion of Spanish-speaking participants.

Results

Among eligible patients 476 of 1050 Spanish speakers (45%) and 1076 of 3982 of English speak-
ers (27%) consented, comprising the 1552 participants who underwent 1:1 randomization (mean
age, 38.0 years; 976 male [63%]). Of the 776 participants randomized to antibiotics, 238 were
Spanish speaking (31%). Among Spanish speakers randomized to antibiotics, the rate of appen-
dectomy was 22% (95% CI, 17%-28%) at 30 days and 45% (95% CI, 38%-52%) at 1 year, while in
English speakers, these rates were 20% (95% CI, 16%-23%) at 30 days and 42% (95% CI
38%-47%) at 1 year. Mean EQ-5D scores were 0.93 (95% CI, 0.92-0.95) among Spanish speakers
and 0.92 (95% CI, 0.91-0.93) among English speakers. Symptom resolution at 30 days was re-
ported by 68% (95% CI, 61%-74%) of Spanish speakers and 69% (95% CI, 64%-73%) of English
speakers. Spanish speakers missed 6.69 (95% CI, 5.51-7.87) days of work on average, while
English speakers missed 3.76 (95% CI, 3.20-4.32) days. Presentation to the emergency department
or urgent care, hospitalization, treatment dissatisfaction, and decisional regret were low for both
groups.

Conclusions and Relevance

A high proportion of Spanish speakers participated in the CODA trial. Clinical and most patient-re-
ported outcomes were similar for English- and Spanish-speaking participants treated with antibi-
otics. Spanish speakers reported more days of missed work.

Trial Registration

ClinicalTrials.gov Identi�ier: NCT02800785

Introduction

In the US, 25 million people (8.4% of the population) have limited English pro�iciency (LEP).
Spanish is the second most common language spoken in US households and 40% of Spanish-
speaking individuals have LEP.  The growing population of patients with LEP requires health care
systems to provide accessible, culturally and linguistically sensitive, high-quality care. Failure in ful-
�illing this requirement limits access to care for patients with LEP  and may contribute to the
higher rate of adverse hospital events,  longer hospital stays,  higher odds of readmission,  and
lower patient satisfaction  in this population. While higher rates of appendiceal perforation have
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been observed in children whose parents have LEP,  the association between preferred language
and both clinical and patient-reported outcomes in adults with appendicitis has not been studied,
to our knowledge.

Spanish speakers are underrepresented in clinical trials.  Patients with LEP may have differ-
ent experiences and barriers that may in�luence clinical trial participation and follow-up.
Inclusion of this population in clinical research is necessary to better understand differential out-
comes, which may be related to treatment, care delivery, and/or structural processes that include
discrimination and racism.  The CODA trial was a pragmatic, randomized trial of appendectomy
vs antibiotics performed at 25 centers across the US.  It included 1552 randomized participants
with 476 participants reporting Spanish as their preferred language (31%). Since LEP and speak-
ing a primary language other than English are associated with poor access to care,  Spanish-
speaking patients with appendicitis who are initially treated with antibiotics may experience struc-
tural barriers accessing health care after their index encounter. These barriers may be attenuated
when treatment is completed within a randomized clinical trial that provides access to standard-
ized, culturally sensitive, language-concordant care for participants who speak Spanish as their
preferred language.

In this secondary, exploratory analysis of the Comparison of Outcomes of Antibiotic Drugs and
Appendectomy (CODA) trial data, we aim to describe trial participation in the combined treatment
arms and treatment adherence in the antibiotic group based on preferred language. We also aim
to compare clinical and patient-reported outcomes by preferred language among participants ran-
domized to antibiotics.

Methods

The research protocol for the CODA trial  was approved by the institutional review boards at the
25 participating clinical sites (eAppendix 2 in Supplement 1). The study population consisted of
English- and Spanish-speaking adults (18 years or older) presenting to the emergency department
(ED) with imaging-con�irmed appendicitis. Exclusion criteria have been previously described in
detail.  Participants were randomly assigned to a 10-day course of antibiotics or appendec-
tomy. Written informed consent was obtained and questionnaires were conducted in the partici-
pant-identi�ied preferred language (English or Spanish). Participants received $125 for completing
study surveys, prorated over 1 year. This study followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guidelines.

Data Description

Individual Participant Characteristics During the screening process, people were asked about the
language in which they would be most comfortable communicating: English, Spanish, or both
English and Spanish. The Spanish language arm includes participants who reported a preference
to have all materials in Spanish. Participants who reported being equally comfortable with both
languages were included in the English language arm in this analysis. Sociodemographic charac-
teristics were measured at baseline.  Health literacy, employment status, and level of activity at
work were assessed following previously described methods.
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Study Participation Willingness to randomize was described by examining the number eligible and
the number who declined to randomize. Twenty-eight people were excluded from this analysis due
to missing preferred language. Among those who were randomized, participation was described
using the proportion who returned 30-day and 1-year surveys.

Symptom Management and Treatment Adherence Participants reported whether they were still
taking antibiotics, and if so, the number of antibiotic pills they had taken on average at 7 days.
Participants also reported whether they had taken “pain medication for abdominal pain related to
your appendicitis” in the past week.

Outcome Measures Health status was assessed with the European Quality of Life–5 Dimensions
(EQ-5D) questionnaire (scores range 0 to 1; higher scores indicate better health status).
Symptom resolution was de�ined as absence of fever, pain, and abdominal tenderness. Participants
reported whether they had an appendectomy or additional visits to the hospital, ED, or urgent
care. High decisional regret was de�ined as a score of more than 50 on the decisional regret
scale.  The EQ-5D questionnaire  and the decisional regret scale  have been previously vali-
dated in Spanish. Participant satisfaction with treatment was assessed using a Likert scale ranging
from very dissatis�ied to very satis�ied. Participants who were employed reported days of work
missed since they presented to the ED, including day of presentation. Responses were capped at
30 days.

Statistical Analysis

Information about participation, baseline characteristics, symptom management, and treatment
adherence for Spanish and English speakers were described using mean and SD for continuous
measures, and count (n) and percentage for categorical variables. Outcomes were described using
the same methods and 95% CIs were used to summarize uncertainty around means and
percentages.

Since Spanish speakers were mostly concentrated in 5 sites, we performed a subset sensitivity
analysis using only data from Spanish speakers and English speakers from those 5 sites. Due to
the limited sample size, we were not able to include all outcomes. Among those who agreed to ran-
domize, there was no missing data on preferred language. Information about missing baseline
characteristics and outcomes is presented in eAppendix 1 in Supplement 1. Analysis was con-
ducted November 15, 2021, through August 24, 2022, using R version 4.2 (The R Project).

Results

Trial Recruitment and Follow-up

Among eligible individuals, 476 of 1050 of Spanish speakers (45%) and 1076 of 3982 of English
speakers (27%) agreed to randomization. Five of the 25 participating sites recruited 442 of 476
Spanish-speaking participants (93%) (Olive View-UCLA Medical Center, Harbor-UCLA Medical
Center, Columbia University Medical Center, Lyndon B. Johnson Hospital, and Boston University
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Medical Center). Among eligible individuals at these 5 sites, 442 of 891 Spanish speakers (50%)
and 268 of 757 English speakers (35%) agreed to randomization. Among the participants re-
cruited at these sites, the proportion of Spanish speakers ranged from 48% to 72%. A total of 399
of 476 Spanish speakers (84%) and 534 of 1076 of English speakers (50%) were recruited from
safety net hospitals (eFigure in Supplement 1). The 30-day survey was returned by 427 of 476 of
Spanish speakers (90%) and 970 of 1076 English speakers (90%). The 1-year survey was re-
turned by 379 of 476 Spanish speakers (80%) and 845 of 1076 English speakers (79%).

Sociodemographic Characteristics

Of the CODA participants who were randomized to antibiotics or appendectomy, 476 of 1552 were
Spanish speaking (31%). The distribution of demographic characteristics varied by language
group (Table 1; eTable 1 in Supplement 1). Among Spanish-speaking participants, 403 of 465 had
an education of high school or less (87%) and 189 of 460 reported needing help reading health-
related instructions and materials sometimes or more (41%). Among English-speaking partici-
pants, 230 of 1065 had an education of high school or less (22%) and 95 of 1031 needed help
with health literacy sometimes or more (9%). The most common insurance category for Spanish
speakers was no insurance (211 of 458 [46%]) and most of those insured had public insurance
(eTable 1 in Supplement 1). Among English-speaking participants, 143 of 1056 were uninsured
(14%) and commercial insurance was the most common (610 of 1056 [58%]). An income that was
below the federal poverty level was reported by 233 of 282 of Spanish speakers (83%) and 179
of 810 of English speakers (22%).

Baseline Clinical Characteristics

Spanish and English speakers both had low Charlson scores (mean [SD] of 0.25 [SD, 0.51] in
Spanish speakers and 0.24 [SD, 0.54] in English speakers). Symptom duration of 1 or more day(s)
was reported by 82% of Spanish speakers and 72% of English speakers. The distribution of base-
line diagnostic characteristics associated with appendicitis was similar in both groups (eTable 1 in
Supplement 1). Among Spanish speakers, the mean (SD) Alvarado score was 6.81 (SD, 1.58) and
white blood cell count was 13.61 (SD, 4.05) μL. Among English speakers, the mean Alvarado score
was 6.54 (SD, 1.69) and white blood cell count was 12.82 (SD, 4.05) μL. Radiographic appendicol-
ith was present in 118 of 476 of Spanish speakers (25%) and 296 of 1076 of English speakers
(28%). Mean appendiceal diameter was 11.27 (SD, 2.74) among Spanish-speaking participants and
11.44 (SD, 2.92) among English-speaking participants. Radiographic evidence of perforation was
identi�ied in 6 of 461 Spanish speakers and 11 of 989 English speakers (1% in each group).

Symptom Management and Treatment Adherence in Antibiotics Arm

At 7 days, among those who had �illed a prescription, 170 of 189 Spanish speakers (90%) and 384
of 437 English speakers (88%) reported still taking at least 1 antibiotic. Among those who were
still taking antibiotics, 132 of 150 Spanish speakers (88%) and 327 of 373 English speakers (88%)
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reported taking all their prescribed antibiotic pills daily. In the �irst week after randomization, 123
of 219 participants in the Spanish-speaking group and 276 of 493 participants in the English-
speaking group had taken pain medications for their appendicitis (56% for each group).

Clinical and Patient-Reported Outcomes in Antibiotics Arm

Outcomes were similar across groups that were randomized to antibiotics (Table 2). The rate of
appendectomy at 30 days was 22% (51 of 230; 95% CI, 17%-28%) for Spanish speakers and 20%
(104 of 526; 95% CI, 16%-23%) for English speakers. At 1 year, the rate of appendectomy was
45% (97 of 216; 95% CI, 38%-52%) and 42% (202 of 481; 95% CI, 38%-47%), respectively. At 30
days, 138 of 204 Spanish speakers (68%; 95% CI, 61%-74%) and 324 of 472 English speakers
(69%; 95% CI, 64%-73%) had symptom resolution. The proportion of participants who presented
to the ED or urgent care within 30 days after index treatment was low for both groups—7 of 200
in the Spanish-speaking group (4%; 95% CI, 1%-7%) and 31 of 463 in the English-speaking group
(7%; 95% CI, 5%-9%). In the 30 days after index treatment, 30 of 204 of Spanish speakers (15%;
95% CI, 10%-20%) and 81 of 469 of English speakers (17%; 95% CI, 14%-21%) had been hospi-
talized overnight.

At 30 days, EQ-5D scores were 0.93 (95% CI, 0.92-0.95) for Spanish speakers and 0.92 (95% CI,
0.91-0.93) for English speakers. Treatment dissatisfaction (somewhat dissatis�ied or very dissatis-
�ied) was reported by 19 of 204 Spanish speakers (9%; 95% CI, 6%-14%) and 36 of 466 English
speakers (8%; 95% CI, 5%-11%). High decisional regret was reported by 25 of 190 Spanish
speakers (95% CI, 9%-19%) and 60 of 468 English speakers (95% CI, 10%-16%) (13% of partici-
pants for each group). On average, Spanish speakers missed 6.69 (95% CI, 5.51-7.87) days of work
within 30 days while English speakers missed 3.76 (95% CI, 3.20-4.32) days of work. Among those
reporting to be active at work, Spanish-speaking participants missed 7.27 (95% CI, 5.53-9.02) days
of work while English-speaking participants missed 4.88 (95% CI, 3.70-6.06) days. Among those
who reported being less active, Spanish-speaking participants missed 7.04 (95% CI, 5.17-8.91)
days of work while English-speaking participants missed 3.83 (95% CI, 3.07-4.59) days. In the sur-
gery arm, Spanish-speaking participants missed 14.19 (95% CI, 12.55-15.83) days and English-
speaking participants missed 5.67 (95% CI, 4.91-6.43) days.

Subset Analysis

Participant characteristics and outcomes for the subset of participants that were recruited from
the 5 sites with a large portion of Spanish-speaking participants (eFigure in Supplement 1) are
presented in eTables 2 and 3 in Supplement 1. Among Spanish-speaking participants at these sites,
381 of 437 had an education level of high school or less (87%) and 217 of 263 had an income be-
low the federal poverty level (83%). Among English-speaking participants at these sites, 89 of 265
had an education level of high school or less (34%) and 84 of 161 had an income below the fed-
eral poverty level (52%). Most outcomes were similar between Spanish and English speakers, with
the exception of missed work (eTable 3 in Supplement 1). In the Spanish-speaking group, 125 of
189 (66%; 95% CI, 59%-73%) of participants had symptom resolution and 49 of 213 (23%; 95%
CI, 18%-29%) had an appendectomy within 30 days. Among English speakers, 71 of 106 (67%;
95% CI, 57%-76%) reported symptom resolution and 25 of 126 (20%; 95% CI, 13%-28%) had an

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10308294/table/soi230036t2/


appendectomy within 30 days. At 30 days, the average EQ-5D score was 0.93 (95% CI, 0.92-0.95)
and days of work missed were 6.57 (95% CI, 5.37-7.78) among Spanish speakers. The average EQ-
5D score was 0.91 (95% CI, 0.89-0.94) and days of work missed were 4.99 (95% CI, 3.50-6.47)
among English speakers.

Discussion

In this secondary analysis of the CODA trial, we found a higher frequency of recruitment among
Spanish speakers compared with English speakers and similar retention. Among Spanish-speaking
participants, there was a higher prevalence of socioeconomic factors that are commonly associ-
ated with poor access to health care, such as low income, low educational attainment, and lack of
insurance.  Nevertheless, treatment adherence and clinical outcomes were similar between
randomized English- and Spanish-speaking participants. While the patient-reported outcomes of
health status, treatment satisfaction, and decisional regret were similar, Spanish-speaking partici-
pants reported more days of missed work. However, English- and Spanish-speaking participants
both reported fewer days of missed work in the antibiotic arm than the appendectomy arm. The
similar number of days of missed work among Spanish-speaking participants with an active job
and Spanish-speaking participants with a less active job suggests that there are factors contribut-
ing to the observed differences in days of work missed other than type of work.

This study provides a valuable perspective on the recruitment and participation of Spanish-speak-
ing participants, a population that is underrepresented in clinical trials.  The high enrollment and
participation rates observed among Spanish speakers in the CODA trial challenge bias that partici-
pants from racial and ethnic minoritized groups are more likely to not adhere to a trial protocol,
be lost to follow-up, or withdraw from a study.  A study comparing enrollment rate in cancer
therapeutic trials by preferred language found similar enrollment rates for English-speaking
(13%) and Spanish-speaking participants (11%).  In our study, the enrollment rate for Spanish-
speaking individuals who were eligible to participate in the CODA trial was higher than enrollment
rates observed in other clinical trials.  While lower item-response rates have been observed
among participants with racial and ethnic minoritized identities,  the proportion of Spanish- and
English-speaking participants who completed the 30-day and 1-year survey in the CODA trial was
similar.

The recruitment strategy for the CODA trial aimed to provide standardized, culturally sensitive, in-
clusive, and language-appropriate study materials in both English and Spanish.  This strategy in-
cluded bilingual, multicultural research staff, and certi�ied interpreters during recruitment and fol-
low-up. Additionally, participants were offered to complete surveys via phone or online and with
the assistance of a research coordinator if preferred. It is important to recognize the broader so-
cial, cultural, economic, and political context that in�luence clinical trial participation.  For exam-
ple, individuals who have a low educational attainment and limited health literacy might not feel
empowered to speak up or ask questions that may inform their decision to participate in a study.
Equal �inancial incentives were distributed to participants. Given that a higher proportion of
Spanish-speaking participants in our study reported an income below the federal poverty level,
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this equal incentive represents a higher proportion of their income. In addition, for individuals
who have experienced barriers in navigating the health care system, the prospect of having direct
communication with research staff during their recovery may motivate participation in trials.

While individuals with a low income may be eligible for health insurance programs, such as
Medicaid, immigration-related restrictions prevent some communities from obtaining health insur-
ance and accessing health care services.  Health research rarely collects data on immigration sta-
tus due to the sensitive nature of this information and fear of alienating participants or damaging
trust ;this study was not the exception. In this study, the sites that recruited the highest propor-
tion of Spanish-speaking participants are located in states that have a large population of Spanish
speakers and those with LEP—California, Texas, and New York.  Additionally, these sites are lo-
cated in metropolitan areas with the highest concentrations of both authorized and unauthorized
immigrants (Los Angeles, California; New York, New York; Houston, Texas; and Boston,
Massachusetts).  As a result, these sites have needed to adapt to provide care to immigrant
populations and patients that have limited English pro�iciency. Results from this study may not be
generalizable to patients who receive care at hospitals that do not have a strong commitment to or
the infrastructure for providing care to all patients regardless of insurance or immigration status.

Indicators of low socioeconomic status tend to be associated with poor health outcomes  and
given that these factors tend to be more prevalent among racial and ethnic minoritized communi-
ties, there is concern that patients from these communities would be differentially offered antibi-
otic treatment and experience worse clinical outcomes as a result.  This was not found in
Spanish-speaking participants in the CODA trial treated with antibiotics. However, we cannot ex-
trapolate these �indings to other racial and ethnic minoritized communities or to populations that
receive care in settings that fall outside the protocolized medical management that occurs in clini-
cal trials. These �indings may also not apply to Spanish-speaking patients experiencing communi-
cation barriers due to ineffective language services.

Strengths and Limitations

Our study has limitations. English pro�iciency was not formally assessed.  The US Census ques-
tion to determine limited English pro�iciency, de�ined as speaking English less than “very well,” has
been shown to have the highest sensitivity for predicting effective communication.  While partici-
pants in the Spanish-language cohort are likely to have limited English pro�iciency, it is possible
that some individuals who preferred to communicate in Spanish were also pro�icient in English.
Furthermore, we cannot disentangle limited English pro�iciency from health literacy or low educa-
tional attainment. Notably, existing health literacy questions do not assess verbal communication,
health-related decision making, or ability to navigate the health care system.  It is possible that
some participants who reported needing help reading health-related materials required assist-
ance due to limited English pro�iciency or limited Spanish reading pro�iciency and not due to lim-
ited health literacy. Additionally, we did not adjust our analysis for clinical site. However, recogniz-
ing that site differences may lead to differential outcomes, we conducted a subset sensitivity analy-
sis that included only those sites that recruited a high proportion of Spanish-speaking participants.
Studies have shown that hospitals that serve a large proportion of non-English speakers are more
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likely to offer professional interpreting services,  which is associated with increased patient satis-
faction and better clinical outcomes.  The general �indings from this sensitivity analysis did not
differ from the primary analysis.

Our �indings have important implications for the inclusion of Spanish-speaking participants in clin-
ical trials. The CODA trial demonstrates that enrollment and participation of Spanish-speaking par-
ticipants is an attainable goal when a study is intentionally designed and resources are allocated to
be inclusive of this population. Given that Spanish speakers in the US represent a heterogeneous
population, the inclusion of this patient population in clinical trials is important to better under-
stand sources of treatment effect heterogeneity. This is a necessary step to examine disparate out-
comes and develop interventions to address health inequity. While our �indings do not suggest
that preferred language is a source of treatment effect heterogeneity in our study population,
Spanish-speaking patients who declined to participate and Spanish-speaking patients seeking care
in other health care settings may have different experiences that may manifest as different out-
comes. This highlights the need for clinical trials to include participants across diverse geographic,
economic, political, social, and health contexts.

Conclusions

In this secondary analysis of the CODA trial, English- and Spanish-speaking participants treated
with antibiotics had similar rates of appendectomy at 1 year and reported high EQ-5D scores and
low rates of treatment dissatisfaction and decisional regret. Among participants treated with an-
tibiotics, Spanish speakers missed more days of work on average than English speakers. However,
participants had fewer days of missed work in the antibiotic arm than the appendectomy arm re-
gardless of preferred language. This is an important difference to highlight during shared deci-
sion-making as the inability to miss work can shift the preference toward antibiotics for some pa-
tients. The comparable outcomes among English- and Spanish-speaking participants treated with
antibiotics challenge the notion that low socioeconomic status may place patients who are treated
with antibiotics at higher risk for poor clinical outcomes.
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Figures and Tables

Table 1.

Baseline	Characteristics	of	Participants	Randomized	to	Either	Antibiotics	or	Appendectomy,	by	Preferred

Language

No.	(%)

Characteristic Overall	(n = 1552) English	(n = 1076) Spanish	(n = 476)

Race

Asian 92 (6) 92 (9) 0 (0)

Black 138 (9) 123 (12) 15 (3)

White 910 (59) 687 (64) 223 (48)

Multiple/other 390 (25) 164 (15) 226 (49)

Hispanic

No 824 (53) 823 (76) 1 (0)

Yes 728 (47) 253 (24) 475 (100)

Age, mean (SD), y 38.0 (13.6) 37.2 (13.7) 40.0 (12.9)

Sex

Male 976 (63) 666 (62) 310 (65)

Female 576 (37) 410 (38) 166 (35)

Insurance

Commercial 640 (42) 610 (58) 30 (7)

Medicare or Tricare 178 (12) 118 (11) 60 (13)

Medicaid or state 265 (18) 142 (13) 123 (27)

Other or none 431 (28) 186 (18) 245 (53)

Below federal poverty level

No 680 (62) 631 (78) 49 (17)

Yes 412 (38) 179 (22) 233 (83)

Education

Some beyond high school/GED 897 (59) 835 (78) 62 (13)

High school/GED 309 (20) 184 (17) 125 (27)

Less than high school 324 (21) 46 (4) 278 (60)

Health literacy help

Never or rarely 1207 (81) 936 (91) 271 (59)

Sometimes or more 284 (19) 95 (9) 189 (41)

Employment and activity

a

b

a



Abbreviation: GED, general educational development.

Race and ethnicity were self-reported.
Other race includes American Indian, Alaska Native, Native Hawaiian, Paci�ic Islander, and other/not listed. The most

common response for other race was Hispanic.

a 

b 



Table 2.

Outcomes	for	Participants	Randomized	to	Antibiotics

No.	(%)

Characteristic Overall	(n = 
776)

English	(n = 
538)

Spanish	(n = 
238)

Appendectomy within 48 h

Yes 89 (11) 61 (11) 28 (12)

No 682 (88) 473 (88) 209 (88)

Lost to follow-up 5 (1) 4 (1) 1 (0)

Appendectomy within 30 d

Yes 155 (20) 104 (19) 51 (21)

No 601 (77) 422 (78) 179 (75)

Lost to follow-up 20 (3) 12 (2) 8 (3)

Appendectomy within 1 y

Yes 299 (39) 202 (38) 97 (41)

No 398 (51) 279 (52) 119 (50)

Lost to follow-up 79 (10) 57 (11) 22 (9)

Symptom resolution at 7 d

No 364 (51) 259 (52) 105 (48)

Yes 350 (49) 235 (48) 115 (52)

Symptom resolution at 14 d

No 239 (35) 156 (33) 83 (40)

Yes 446 (65) 319 (67) 127 (60)

Symptom resolution at 30 d

No 214 (32) 148 (31) 66 (32)

Yes 462 (68) 324 (69) 138 (68)

EQ-5D at 30 d, mean (SD) 0.92 (0.13) 0.92 (0.14) 0.93 (0.12)

Any emergency department/urgent care visits within 30
d

Yes 38 (6) 31 (7) 7 (4)

No 625 (94) 432 (93) 193 (97)

Any hospital overnights within 30 d

Abbreviation: EQ-5D, European Quality of Life–5 Dimensions.

See eAppendix 1 in Supplement 1 for information about missing data.
For work missed, the median (IQR) for the Spanish and English groups are 4 (9.75) and 2 (5).

a

a 

b 


