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 Assessing Diff erences in Mortality Rates and Risk 
Factors Between Hispanic and Non-Hispanic Patients 
With Cystic Fibrosis in California   

  MyMy C.   Buu ,  MD ;  Lee M.   Sanders ,  MD ,  MPH ;  Jonathan   Mayo ,  MPH ;  Carlos E.   Milla ,  MD ; and  Paul H.   Wise ,  MD ,  MPH    

  BACKGROUND:    Over the past 30 years, therapeutic advances have extended the median lifes-

pan of patients with cystic fi brosis (CF). Hispanic patients are a vulnerable subpopulation with 

a high prevalence of risk factors for worse health outcomes. Th e consequences of these diff er-

ences on health outcomes have not been well described. Th e objective of this study was to 

characterize the diff erence in health outcomes, including mortality rate, between Hispanic and 

non-Hispanic patients with CF. 

  METHODS:    Th is study is a retrospective analysis of CF Foundation Patient Registry data of 

California residents with CF, diagnosed during or aft er 1991, from 1991 to 2010. Ethnicity was 

self-reported. Th e primary outcome was mortality. Hazard ratios were estimated from a Cox 

regression model, stratifi ed by sex, and adjusted for socioeconomic status, clinical risk factors, 

and year of diagnosis. 

  RESULTS:    Of 1,719 patients, 485 (28.2%) self-identifi ed as Hispanic. Eighty-fi ve deaths oc-

curred, with an overall mortality rate of 4.9%. Th e unadjusted mortality rate was higher among 

Hispanic patients than among non-Hispanic patients (9.1% vs 3.3%,  P   ,  .0001). Compared 

with non-Hispanic patients, Hispanic patients had a lower survival rate 18 years aft er diagnosis 

(75.9% vs 91.5%,  P   ,  .0001). Adjusted for socioeconomic status and clinical risk factors, His-

panic patients had an increased rate of death compared with non-Hispanic patients (hazard 

ratio, 2.81; 95% CI, 1.70-4.63). 

  CONCLUSIONS:    Hispanic patients with CF have a higher mortality rate than do non-Hispanic 

patients, even aft er adjusting for socioeconomic status and clinical severity. Further investiga-

tion into the mechanism for the measured diff erence in lung function will help inform inter-

ventions and improve the health of all patients with CF.      CHEST  2015;  �  �  � ( � ): 1 - 10  
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  Th e life expectancy of patients with cystic fi brosis 

(CF) has improved greatly over the last 3 decades, 

with the median predicted age of survival increasing 

from 27 years in 1986 to 41 years in 2012.  1-3   Th is im-

provement has been attributed in part to the establish-

ment of regionalized care in CF specialty centers.  4-6   

CF centers provide coordinated, multidisciplinary 

care and support services to help patients and their 

families navigate the labor-intensive and complex 

therapy regimens required to maintain lung health. 

However, there remains considerable concern re-

garding ethnic disparities in health outcomes, which 

may be related to diff erential care access or capacity to 

adhere to these complex regimens.  7-9   For other 

chronic illnesses, patients of Hispanic ethnicity, par-

ticularly those with limited English profi ciency or 

limited health literacy, are particularly susceptible to 

outcome disparities.  10-12   

 Th e relative proportion of Hispanic patients receiving a 

diagnosis of CF has been rising over time (7% in 2010),  2   

as the size of the general Hispanic population and aware-

ness of the prevalence of CF in Hispanic populations have 

risen.  13   California has a large Hispanic population (37.6% 

of the state’s population in 2010),  14   and it has the largest 

number and highest proportion of Hispanic patients with 

CF, making it an optimal place to study this subpopulation. 

 Hispanic patients with CF are a potentially vulnerable 

subpopulation because of an increased prevalence of risk 

factors associated with worse health outcomes. Th e 

health trajectory of Hispanic patients with CF, in con-

trast to patients of non-Hispanic ethnicity with CF, has 

not been well described. In this study, we aim to charac-

terize the patterns of mortality and risk factors for poor 

health outcomes among Hispanic patients with CF over 

the last 20 years and in comparison with the concurrent 

non-Hispanic patient population with CF. 

 Materials and Methods 

 Th is is a retrospective analysis of the CF Foundation Patient Registry 

(CFFPR) of California residents (N  5  4387). Th e CF Foundation ap-

proved the use of the registry data. Th e Stanford University institutional 

review board, panel on human subjects in medical research  , approved 

the study protocol (No. 19908). 

 Th e CF Foundation has stored health information from patients seen at 

accredited centers since 1966 and maintains patient data from 1986.  15   

Each patient’s ethnicity has been collected by parental or self-report 

since 1991. Th us, the study period was January 1, 1991, to December 31, 

2010. Inclusion criteria included a childhood diagnosis ( �  18 years of 

age) of CF during the study period to control for left  censoring (events 

or death prior to entry into the study). Patients who were missing insur-

ance status (n  5  5) were excluded ( Fig 1   ). 

 Th e primary outcome was death. Subjects were censored at the time 

of lung transplant, loss to follow-up, or end of the observation period. 

Other health outcomes included FEV 1 , a validated pulmonary health pa-

rameter in CF and recorded as the % predicted value (% pred) based on 

normative data  15-17  ; BMI; and  z  score, adjusted for patient’s age and sex. 

 Th e primary predictor of interest was ethnicity, Hispanic or non-His-

panic, by parental or self-report. Secondary predictors were identifi ed a 

priori based on a review of previous literature on the clinical, biologic, 

and social factors most likely to mediate or confound any relationship 

between ethnicity and health outcomes. 

 Clinical and biologic factors assessed included age and year of diagnosis,  18   

sex,  19,20   CF transmembrane conductance regulator (CFTR) genotype,  19,21   

infections with  Pseudomonas aeruginosa  or  Burkholderia cepacia ,  22,23   

and CF-related diabetes mellitus (CFRDM).  24   CFTR genotype severity 

was categorized into one of fi ve functional classes proposed by Welsh et 

al.  25   Th e mutations were further classifi ed into three groups: “high” or 

“low” disease risk according to the scheme proposed by McKone et al  21   

and “unclassifi ed” disease risk for mutations with unknown functional 

class. Infection with  Pseudomonas  or burkholderia was characterized as 

dichotomous (never/ever) and by age at fi rst acquisition; earlier age at ac-

quisition is associated with worse prognosis.  23,26,27   Diagnosis of CFRDM 

was characterized as dichotomous (never/ever) and age at diagnosis.  24   

 Social factors assessed included public insurance status, median house-

hold income,  8,19   and access to subspecialty care.  4   Public insurance 

(Medicare, Medicaid, state special needs program, and/or Indian Health 

Services) was categorized as dichotomous (never/ever). Neighborhood 

median household income was estimated by the subject’s mode residen-

tial ZIP code   using the Claritas, Inc demographic database,  28   and was 

categorized on the basis of the federal poverty line (FPL) designation 

for 2004 ($18,850 for a family of four). Access to subspecialty care was 

defi ned by the mean number of outpatient visits to CF Foundation-ac-

credited centers per year of observation. Optimal access to subspecialty 

care was defi ned as three or more outpatient clinic visits per year.  29,30   

 We performed time-to-event (survival) analysis with time as years since 

diagnosis to avoid left  censoring (bias of events/deaths prior to entry 

into the study), because the study cohort is defi ned as diagnosis with 

CF and enrollment in the CFFPR. We estimated cause-specifi c hazard 

ratios (HRs) of death in Hispanics vs non-Hispanics using multivari-

able Cox proportional hazard models, adjusting for the previously men-

tioned covariates. Assessing the assumption of proportionality for all 

covariates and time-dependent interaction, we found that sex was in 

violation and as our fi nal model we present a stratifi ed cox model on 

sex. Categorical variables were compared by  x  2  or Fisher exact tests. 

Continuous variables were compared by  t  tests or Mann-Whitney  U  test 

and Wilcoxon two-sample test. To assess whether there was an eff ect of 

ethnicity on decline of FEV 1  and BMI by age, we compared random-

eff ects models of FEV 1  and BMI by age and ethnicity with and without 

interaction of age and ethnicity. Models were compared using sum of 

squares, corrected Akaike’s information criteria, and F test.    
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 Results 

 A total of 1,719 California residents with CF received 

the diagnosis during or aft er 1991 and before 18 years of 

age. Hispanic patients made up 28.2% (n  5  485) ( Fig 1 ). 

Compared with non-Hispanic patients with CF, a 

slightly greater proportion (22.9% vs 17.1%,  P   5  .0056) 
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  Figure 1  – Flowchart   of study cohort. 
Of the 4,387 California residents in 
the CF Foundation Patient Registry, 
1,724 received the diagnosis during 
or aft er 1991 and before 18 years of 
age. All had recorded ethnicity. Five 
patients were excluded because of 
missing insurance data. Th e fi nal 
cohort for analysis was 1,719 
patients. Hispanic patients made up 
28.2% of the total patient population 
available for analysis. Th e unad-
justed mortality rate was higher in 
Hispanic patients. CF  5  cystic 
fi brosis.   
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of Hispanic patients received the diagnosis aft er intro-

duction of universal newborn screening in California in 

June 2007 ( Table 1   ). 

 Mortality 

 During the study period, the overall unadjusted mor-

tality rate for the entire sample was 4.9% (n  5  85). Mor-

tality in Hispanic patients was 9.1% (n  5  44), whereas 

mortality in non-Hispanic patients was 3.3% (n  5  41) 

( Table 1 ). Th e unadjusted risk ratio for mortality in His-

panic patients was 2.73. Th e mean age at death for His-

panic patients and non-Hispanic patients was not 

statistically diff erent (11.7 years [SD, 5.2] years vs 13.4 

years [SD, 5.8],  P   5  .1775). Th e leading cause of death in 

both groups was reported as respiratory or cardiorespi-

ratory. Kaplan-Meier survival analysis showed that His-

panic patients had lower survival rate 18 years aft er 

diagnosis (75.9% vs 91.5%,  P   ,  .0001) ( Fig 2   ). To assess 

the potential impact of diff ering transplant rates, we ana-

lyzed cumulative incidence curves for competing events 

of death and lung transplant, which showed no diff er-

ence in incidence of lung transplant (data not shown). 

 Adjusted Analyses 

 A stratifi ed multivariable Cox proportional hazards 

model revealed that Hispanic patients had 2.81 times 

the rate of death of non-Hispanic patients (95% CI,1.70-

4.63) aft er adjusting for year of diagnosis, age at diagno-

sis, public insurance, neighborhood median household 

income, bacterial infection, CFRDM diagnosis, and 

CFTR genotype ( Table 2   ). Low neighborhood median 

household income (two to four times FPL) was also in-

dependently associated with a higher rate of death (ad-

justed HR, 2.93; 95% CI, 1.04-8.24). Compared with 

patients with two high-risk CFTR mutations, patients 

who had two CFTR alleles of unclassifi ed disease risk 

(adjusted HR, 2.61; 95% CI, 1.25-5.43) or were not gen-

otyped at all (adjusted HR, 3.28; 95% CI, 1.68-6.43) had 

a higher rate of death. Neither  Pseudomonas  or burk-

holderia infection nor CFRDM diagnosis was indepen-

dently associated with an increased rate of death. 

 Lung Function and BMI 

 At 6 years of age (the fi rst age at which lung function 

can be measured and collected reliably), the mean FEV 1  

for Hispanic patients was lower than for non-Hispanic 

patients (77% pred [SD 23% pred] vs 89% pred [SD 20% 

pred],  P   ,  .0001). However, the yearly rate of decline in 

FEV 1  between Hispanic and non-Hispanic patients was 

not diff erent ( Fig 3A   ). BMI as a proxy for nutrition 

plotted by age was not diff erent between Hispanic and 

non-Hispanic patients ( Fig 3B ). 

 Clinical and Biologic Factors 

 Th ere were no signifi cant diff erences in age at diagnosis 

and distribution of sex between Hispanic and non-His-

panic patients. Th e median age at diagnosis for the 

entire cohort was 5.8 months (interquartile range, 

0.9-38.3). 

 Diff erent CFTR genotype patterns were observed 

between Hispanic and non-Hispanic patients ( Table 3   ). 
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  TABLE 1   ]     Mortality and Other Health Characteristics, CF Foundation Patient Registry, California, 1991-2010 

Variable Hispanic (n  5  485) Non-Hispanic (n  5  1234)  P  Value  a  

Mortality  

 Outcome during study period

  Died 44 (9.1) 41 (3.3) …

  Alive 435 (89.7) 1174 (95.1)  ,  .001  b  

  Lung transplant 6 (1.2) 19 (1.5) …

 Age at death

   ,  18 y 37 (84.1) 32 (78.1) .48  b  

   .  18 y 7 (15.9) 9 (22) …

  Mean (SD), y 11.7 (5.2) 13.4 (5.8) .18  c  

 Sex

  Male 250 (51.6) 625 (50.7) .74  b  

  Female 235 (48.5) 609 (49.4) …

 Year of CF diagnosis

  1991-2006 374 (77.1) 1023 (82.9) .006  b  

  2007-2010 111 (22.9) 211 (17.1) …

 Age at diagnosis

   ,  6 mo 261 (53.8) 610 (49.4) .10  b  

   �  6 mo 224 (46.2) 624 (50.6) …

  Median (IQR), mo 5.3 (1.3-31.3) 6.1 (0.8-41.8) .41  d  

 CFTR genotype risk severity

  High-high 174 (35.9) 745 (60.4) …

  High-low 28 (5.8) 69 (5.6) …

  High-unclassifi ed 150 (30.9) 266 (21.6) …

  Low-low 2 (0.4) 3 (0.2)  ,  .001  e  

  Low-unclassifi ed 8 (1.7) 8 (0.7) …

  Unclassifi ed-unclassifi ed 86 (17.7) 71 (5.8) …

  Not genotyped 37 (7.6) 72 (5.8) …

Clinical characteristics

 Positive culture for  Pseudomonas aeruginosa 

  Never 133 (27.4) 377 (30.6) .20  b  

  Ever 352 (72.6) 857 (69.5) …

  Age at fi rst acquisition, mean (SD), y 5.2 (4.7) 6.1 (5.0) .004  c  

  Age at fi rst acquisition, median (IQR), y 3.7 (1.7-6.9) 4.6 (2.2-8.8) …

 Positive culture for  Burkholderia cepacia 

  Never 468 (96.5) 1198 (97.1) .53  b  

  Ever 17 (3.5) 36 (2.9) …

  Age at fi rst acquisition, mean (SD), y 8.4 (5.2) 11.9 (4.2) .01  c  

  Age at fi rst acquisition, median (IQR), y 8.0 (3.9-12.6) 12.2 (9.4-14.0) …

 Diagnosis of CF-related diabetes

  Never 433 (89.3) 1091 (88.4) .61  b  

  Ever 52 (10.7) 143 (11.6) …

  Age at diagnosis, mean (SD), y 13.4 (4.3) 14.9 (4.4) .04  c  

  Age at diagnosis, median (IQR), y 13.8 (10.1-15.7) 14.6 (12.4-17.4) …
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Th e top 15 CFTR alleles by frequency accounted for 

80% of the CFTR alleles for non-Hispanic patients, but 

only 64% for the Hispanic patients, indicating greater 

heterogeneity of CFTR mutations in the Hispanic popu-

lation. Although all the top 15 mutations have been ver-

ifi ed as causing CF,  31   Hispanic patients had more 

mutations that have not been classifi ed by CFTR func-

tional class. Hispanic patients had a high percentage 

Variable Hispanic (n  5  485) Non-Hispanic (n  5  1234)  P  Value  a  

Social factors and health-care access

 Public health insurance  f  

  Never 62 (12.8) 483 (39.1)  ,  .001  b  

  Ever 423 (87.2) 751 (60.9) …

  Percent time with public insurance, mean (SD), % y 78.5 (27.6) 58.5 (34.5)  ,  .001  c  

 Neighborhood median household income

   ,  2 times FPL 149 (30.7) 148 (12.0) …

  2-4 times FPL 264 (54.4) 645 (52.3)  ,  .001  b  

   .  4 times FPL 25 (5.2) 235 (19.0) …

  Unable to be determined 47 (9.7) 206 (16.7) …

 Outpatient CF center clinic visits

  No. clinic visits per year, mean (SD) 4.6 (1.4) 4.48 (1.57) .15  c  

   ,  3 clinic visits per year 38 (7.8) 129 (10.5) .10  b  

   �  3 clinic visits per year 447 (92.2) 1105 (89.6) …

 Data are shown as No. (%) unless otherwise indicated. CF  5  cystic fi brosis; CFTR  5  cystic fi brosis transmembrane conductance regulator; FPL  5   
federal poverty line; IQR  5  interquartile range.  
  a Comparing Hispanic patients with non-Hispanic patients. 
  b  x  2 . 
  c  t  test. 
  d Wilcoxon two-sample test. 
  e Fisher exact test. 
  f Includes Medicare, Medicaid, state special needs program, and Indian Health Services. 

TABLE 1 ] (continued)

  Figure 2  – Kaplan-Meier plot shows 
a diff erence in survival rates between 
Hispanic and non-Hispanic patients 
with CF. Hispanic patients (gray): 
n  5  485 (44 failed, 441 censored). 
Non-Hispanic patients (black): 
n  5  1,234 (41 failed, 1,193 censored). 
Log-rank  x  2 , 35.0647;  df   5  1; 
 P   ,  .0001. CF Foundation Patient 
Registry, California, 1991-2010. See 
 Figure 1  legend for expansion of 
abbreviation.   
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(50.3%) of at least one CFTR allele of unclassifi ed risk, 

compared with 28.1% in non-Hispanic patients ( Table 

1 ). Of note, 6.3% of patients in the registry did not have 

CFTR genotype data, and this was not signifi cantly dif-

ferent between groups ( x  2   P   5  .19). 

 Although there was no diff erence in the overall inci-

dence of infection with  Pseudomonas  or burkholderia 

between Hispanic and non-Hispanic patients, Hispanic 

patients reported a younger age at fi rst acquisition for 

both organisms ( Table 1 ). Th ere was no diff erence in 

incidence of CFRDM between the two groups, but the 

mean age at diagnosis with CFRDM was 1 year younger 

in Hispanic patients than in non-Hispanic patients (13.4 

years (SD, 4.3) and 14.9 years (SD, 4.4), respectively; 

 P   5  .04). 

 Social Factors and Health-care Access 

 Hispanic patients were more likely to ever have public 

health insurance and a greater average percent time 

with public insurance per time in the registry ( Table 1 ). 

Nearly a third of the Hispanic patients lived in neigh-

borhoods with high rates of poverty (estimated neigh-

borhood median household income of less than two 

times FPL). Th ere was no diff erence in health-care ac-

cess (mean number of clinic visits per 12 months or 

suboptimal use) at outpatient CF centers between His-

panic and non-Hispanic patients ( Table 1 ). 

 Discussion 

 Although the median lifespan for CF has improved 

over the last 20 years, we found signifi cantly higher 

rates of mortality among patients of Hispanic ethnicity 

with CF. By Cox proportional hazards modeling, His-

panic patients had 2.81 times the mortality rate of 

  Figure 3  – A, B, Plots of mean FEV 1    % pred by age and median BMI z score by age from all clinical encounters stratifi ed by ethnicity. A, At 6 years of 
age, the mean FEV 1  for Hispanic patients (gray) is lower than for non-Hispanic patients (black), (77% pred [SD, 23% pred] and 89% pred [SD, 20% 
pred], respectively,  P   ,  .0001). Th e yearly rate of decline in mean FEV 1  % pred is not diff erent between the two groups. FEV 1  was best predicted by a 
random-eff ects model without interaction of age and ethnicity. (Diff erence in corrected Akaike’s information criteria (AICc), 1.85; information ratio, 
2.53; F test 0.7026) B, Th e yearly rate of decline in median BMI  z  score is not diff erent between the two groups. BMI was best predicted by a random-
eff ects model without interaction of age and ethnicity. (Diff erence in AICc, 3.5; information ratio, 5.76. Sum of squares was lower for less complicated 
model.) CF Foundation Patient Registry, California, 1991-2010. See  Figure 1  legend for expansion of abbreviations.   

  TABLE 2   ]     Multivariable Proportional Hazards Model 
for the Risk of Death Stratifi ed by Sex, CF 
Foundation Patient Registry, 1991-2010 
(n  5  1,719) 

Covariate HR (95% CI)

Ethnicity

 Hispanic 2.81 (1.70-4.63)

 Non-Hispanic Reference

Neighborhood median 
   household income

  ,  2 times FPL 2.13 (0.69-6.53)

 2-4 times FPL 2.93 (1.04-8.24)

  .  4 times FPL Reference

 Missing 2.19 (0.68-7.05)

CFTR genotype risk severity

 High-high Reference

 High-low 1.23 (0.35-4.31)

 High-unclassifi ed 1.12 (0.63-1.98)

 Low-low 0

 Low-unclassifi ed 3.33 (0.66-16.83)

 Unclassifi ed 2.61 (1.25-5.43)

 Not genotyped 3.28 (1.68-6.43)

 Stratifi ed by sex. Model is adjusted for ethnicity, CFTR risk severity, 
 Pseudomonas  infection, burkholderia infection, CF-related diabetes  , year 
of diagnosis, age at diagnosis (mo), public insurance, and neighborhood 
median household income. HR  5  hazard ratio. See  Table 1  legend for 
expansion of other abbreviations. 

[AQ19]



 journal.publications.chestnet.org     7 

death compared with non-Hispanic patients, and this 

remained signifi cant and independent of the biologic, 

diagnostic, clinical, and social factors that are known 

to be associated with mortality in CF. Th is fi nding is 

congruent with prior published data of mortality rates 

in ethnic minority groups,  19   but this study further 

explores the specifi c risk factors associated with 

mortality. 

 Disease severity and mortality is a result of complex 

relationships among multiple factors along a patient’s life 

course.  32,33   In this study, we attempted to investigate 

these complex mechanisms using the data available in 

the CFFPR. Hispanic and non-Hispanic patients have 

diff erent CFTR genotype patterns. Many of the CFTR 

genotypes seen in Hispanic patients do not have func-

tional or risk classifi cations. Th is has future implications 

  TABLE 3   ]     Top 15 CFTR Alleles by Frequency Stratifi ed by Ethnicity, CF Foundation Patient Registry, California, 
1991-2010 

CFTR Genotype (Legacy Name) Mutation Type CFTR Functional Class Allele Frequency, No. (%)

Hispanic patients  

 F508del Deletion II 390 (43.5)

 G542X Nonsense I 49 (5.5)

 3849 1 10kbC- . T Splice V 22 (2.5)

 N1303K Missense II 14 (1.6)

 3120 1 1G- . A Splice Unclassifi ed 12 (1.3)

 R75X Nonsense I 11 (1.2)

 3876delA Frameshift Unclassifi ed 10 (1.1)

 663delT Frameshift Unclassifi ed 10 (1.1)

 1288insTA Frameshift Unclassifi ed 9 (1)

 I507del Deletion II 9 (1)

 H199Y Missense Unclassifi ed 7 (0.8)

 S549N Missense II 7 (0.8)

 406-1G- . A mRNA splice Unclassifi ed 6 (0.7)

 R1162X Nonsense I 6 (0.7)

 W1089X Nonsense I 6 (0.7)

 W1204X Nonsense Unclassifi ed 6 (0.7)

Non-Hispanic patients

 F508del Deletion II 1,505 (64.8)

 G542X Nonsense I 51 (2.2)

 G551D Missense III 47 (2.0)

 W1282X Nonsense I 46 (2.0)

 R117H Missense IV  a  34 (1.5)

 1717-1G- . A Splice I 31 (1.3)

 N1303K Missense II 31 (1.3)

 3849 1 10kbC- . T Splice V 21 (0.9)

 5T  b  Splice V  a  19 (0.8)

 I507del Deletion II 19 (0.8)

 R1162X Nonsense I 14 (0.6)

 R553X Nonsense I 13 (0.6)

 3120 1 1G- . A mRNA splice Unclassifi ed 12 (0.5)

 621 1 1G- . T mRNA splice I 12 (0.5)

 2183delAA Frameshift I 10 (0.4)

 mRNA  5  messenger RNA. See  Table 1  legend for expansion of other abbreviations. 
  a Varying clinical consequence. 
  b (TG) not reported  . 
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because new therapies in CF are based on biologic func-

tion or protein traffi  cking of the CFTR molecule, which 

is based on predictions from the CFTR genotype.  34   

Unknown CFTR genotype was independently associated 

with increased mortality risk. Th is fi nding may be due to 

  more severe clinical phenotype associated with not 

needing to be genotyped for diagnosis (data not shown). 

 A higher proportion of Hispanic patients than non-

Hispanic patients lived in poor neighborhoods. Prior 

research has shown that median family income is inde-

pendently associated with mortality.  8   Th e adjusted 

analysis included neighborhood median household 

income and did not completely attenuate the residual 

diff erence in mortality rate observed for Hispanic 

patients. Poverty and social class likely contribute to the 

diff erences in health outcomes but could not be com-

pletely accounted for in the data available.  35-37   

 Although there was no diff erence in access and use of 

CF center care, age at diagnosis, and nutritional status, 

lung function measured by FEV 1  was signifi cantly lower 

for Hispanic patients than for non-Hispanic patients at 6 

years of age, which is compatible with the one cross-sec-

tional study of Hispanic patients with CF.  38   However, we 

observed no ethnic diff erences in yearly rate of decline 

of FEV 1  or BMI. It is not clear if the 12% pred point dif-

ference between the two groups is adequate to explain 

the diff erence in mortality rates observed. Future studies 

will need to investigate the causes of the diff erence in 

lung function at fi rst measurement between the two 

groups, which may be a result of diff erences in norma-

tive data for ethnicity, care in the fi rst 6 years of life, se-

verity of pulmonary exacerbations, inherent CF disease 

severity, or a combination of these factors. 

 Although there was no diff erence in the prevalence of 

CF complications, Hispanic patients were diagnosed 

with  Pseudomonas  or burkholderia infection or CFRDM 

1-3 years before their non-Hispanic counterparts. Lower 

lung function and earlier incidence of CF complications 

are likely important contributors to the increased rate of 

mortality observed in Hispanic patients. Future studies 

are necessary to investigate this further. Although there 

was no diff erence in access to CF centers, there may be 

contributing individual factors such as adherence to 

treatment regimens, self-management, culture, health 

literacy, and English profi ciency.  11,12,39-41   

 Patients with shared ethnicity, language, and/or culture 

provide a unique opportunity for targeted intervention 

to improve health outcomes. Our fi ndings of increased 

mortality in Hispanic patients, diff erences in baseline 

lung function, and early incidence of CF complications 

suggest a promising opportunity for the development of 

preventative and management strategies that can be 

both cost eff ective and more culturally appropriate for 

Hispanic patients and families living with CF. 

 Limitations 

 Th is study and its fi ndings are subject to the biases 

common to studies of clinical registries. Selection bias 

results from studying the CFFPR, which requires sub-

jects to have access to CF subspecialty care. Misclassifi -

cation bias can occur from self-reported ethnicity. 

Measurement bias may have aff ected assessment of social 

factors, particularly family income, which was estimated 

ecologically by ZIP code. As a result, we are unable to 

capture all the determinants of health, such as discrimi-

nation and bias, quality of care, physical environment, 

and individual factors (health literacy, English profi ciency). 

 Hispanic ethnicity is a sociopolitical construct, heavily 

confounded by socioeconomic status and cultural iden-

tity.  42,43   Social and biomedical scientists have cautioned 

against the classifi cation of patients by ethnicity and 

race in biomedical research because of reifying race.  42-45   

However, patients of Hispanic ethnicity have been 

described as experiencing a variety of other health dis-

parities, oft en related to diff erences in health-care ac-

cess, acculturation, and language-related barriers to 

care.  10-12   Th is study adds to the literature to support the 

existence of health disparities for patients of Hispanic 

ethnicity; however, the generalizability is limited 

because of the specifi c disease progression and manage-

ment experienced by patients with CF. 

 Accuracy of age at fi rst detection of airway organisms in 

the CFFPR is dependent on the sensitivity of detection 

and diagnosis of organisms in individual subjects, which 

is aff ected by culture type and microbiology techniques.  46   

However, there is no reason for diff erential sensitivity of 

microbiology diagnosis between the two study groups. 

 Implications 

 Th is study demonstrates that Hispanic ethnicity is a risk 

factor for increased mortality among patients with CF. 

In addition, neighborhood poverty and unclassifi ed or 

unknown CFTR genotype are associated with an 

increased rate of mortality. Th e key strength of this 

study was the size and time period covered by this fi rst 

eff ort to understand the ethnic, social, and biologic epi-

demiology of CF-related mortality. As mentioned, the 

relationship of ethnicity and mortality is likely multifac-

torial and complex. Some health policies adopted in the 
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last 10 years, such as universal newborn screening, have 

the potential to positively aff ect the health of patients 

with CF. Future analyses should also consider the 

impact of these programs on the observed ethnic dispar-

ities in health outcomes and mediators. 

 Conclusions 

 Th e Hispanic ethnicity-specifi c disparity in mortality 

rates among people with CF has persisted despite im-

provements in the care of all patients with CF. With 

anticipated continued growth in the overall Hispanic 

population and the disproportionate growth of the His-

panic population within the CF community, this ethnic 

disparity in mortality rates should give us pause. Under-

standing the mechanisms for the increased mortality 

rate among Hispanics is necessary to improve the health 

of all patients with CF. 

 Acknowledgments 
  Author contributions : M. C. B. had full 
access to all the data in the study and takes 
responsibility for the integrity of the data and 
the accuracy of the data analysis, including 
and especially any adverse eff ects. . M. C. B., 
C. E. M., and P. H. W. contributed to the 
study design; M. C. B. and C. E. M. contrib-
uted to the data collection; M. C. B., L. M. S., 
and C. E. M. contributed to the data analysis 
and interpretation; J. M. contributed to the 
data management and analysis; M. C. B. 
contributed to the writing of the manuscript; 
and L. M. S., J. M., C. E. M., and P. H. W. 
contributed to the review and approval of the 
manuscript  . 

  Confl ict of interest:  C. E. M. has received 
grant funding support from the National 
Institutes of Health and the CF Foundation; 
clinical trials research funding support from 
KaloBios and Vertex Pharmaceuticals Inc; 
and funding from Gilead Sciences, Inc for 
acting in an ad hoc advisory capacity. None 
declared (M. C. B., L. M. S., J. M. P. H. W  .).  

  Role of sponsors:  Th e sponsor had no role 
in the design of the study, the collection and 
analysis of the data, or in the preparation of 
the manuscript  . 

  Other contributions:  Th e authors thank the 
CFFPR for review of the manuscript prior to 
publishing. 

 References 
    1 .  Dodge   JA ,  Lewis   PA ,  Stanton   M ,  Wilsher  

 J .  Cystic fi brosis mortality and survival 
in the UK: 1947-2003 .   Eur Respir J  . 
 2007 ; 29 ( 3 ): 522 - 526 .   

    2 .  Cystic Fibrosis Foundation Patient 
Registry .   2010 Annual Data Report  . 
 Bethesda, MD :  Cystic Fibrosis 
Foundation ;  2011 .  

    3 .  Cystic Fibrosis Foundation Patient 
Registry .   2012 Annual Data Report  . 
 Bethesda, MD :  Cystic Fibrosis 
Foundation ;  2013 .  

    4 .  Mahadeva   R ,  Webb   K ,  Westerbeek  
 RC ,  et al .  Clinical outcome in relation 
to care in centres specialising in cystic 
fi brosis: cross sectional study .   BMJ  . 
 1998 ; 316 ( 7147 ): 1771 - 1775 .   

    5 .  Lebecque   P ,  Leonard   A ,  De Boeck   K , 
 et al .  Early referral to cystic fi brosis 
specialist centre impacts on respiratory 
outcome .   J Cyst Fibros  .  2009 ; 8 ( 1 ): 26 - 30 .   

    6 .  Nielsen   OH ,  Th omsen   BL ,  Green   A , 
 Andersen   PK ,  Hauge   M ,  Schiøtz   PO . 
 Cystic fi brosis in Denmark 1945 to 
1985. An analysis of incidence, mortality 
and infl uence of centralized treatment 
on survival .   Acta Paediatr Scand  . 
 1988 ; 77 ( 6 ): 836 - 841 .   

    7 .  Barr   HL ,  Britton   J ,  Smyth   AR ,  Fogarty  
 AW .  Association between socioeconomic 
status, sex, and age at death from cystic 
fi brosis in England and Wales (1959 
to 2008): cross sectional study .   BMJ  . 
 2011 ; 343 : d4662 .   

    8 .  Schechter   MS ,  Shelton   BJ ,  Margolis  
 PA ,  Fitzsimmons   SC .  Th e association 
of socioeconomic status with outcomes 
in cystic fi brosis patients in the United 
States .   Am J Respir Crit Care Med  . 
 2001 ; 163 ( 6 ): 1331 - 1337 .   

    9 .  Ngui   EM ,  Flores   G .  Satisfaction with care 
and ease of using health care services 
among parents of children with special 
health care needs: the roles of race/
ethnicity, insurance, language, and ade-
quacy of family-centered care .   Pediatrics  . 
 2006 ; 117 ( 4 ): 1184 - 1196 .   

    10 .  Bradshaw   M ,  Tomany-Korman   S ,  Flores  
 G .  Language barriers to prescriptions for 
patients with limited English profi ciency: 
a survey of pharmacies .   Pediatrics  . 
 2007 ; 120 ( 2 ): e225 - e235 .   

    11 .  Flores   G ,  Abreu   M ,  Tomany-Korman  
 SC .  Limited English profi ciency, primary 
language at home, and disparities in chil-
dren’s health care: how language barriers 
are measured matters .   Public Health Rep  . 
 2005 ; 120 ( 4 ): 418 - 430 .  

    12 .  Shone   LP ,  Conn   KM ,  Sanders   L , 
 Halterman   JS .  Th e role of parent health 
literacy among urban children with 
persistent asthma .   Patient Educ Couns  . 
 2009 ; 75 ( 3 ): 368 - 375 .   

    13 .  Schrijver   I ,  Ramalingam   S ,  Sankaran  
 R ,  et al .  Diagnostic testing by CFTR 
gene mutation analysis in a large group 
of Hispanics: novel mutations and 
assessment of a population-specifi c 
mutation spectrum .   J Mol Diagn  . 
 2005 ; 7 ( 2 ): 289 - 299 .   

    14 . Ennis SR, Rios-Vargas M, Albert NG; 
Department of Commerce.  Th e Hispanic 
Population: 2010. 2010 Census Brief. 
 Washington, DC: Government Printing 
Offi  ce;  2011   .  

    15 .  FitzSimmons   SC .  Th e changing epi-
demiology of cystic fi brosis .   J Pediatr  . 
 1993 ; 122 ( 1 ): 1 - 9 .   

    16 .  Knudson   RJ ,  Lebowitz   MD ,  Holberg   CJ , 
 Burrows   B .  Changes in the normal max-
imal expiratory fl ow-volume curve with 
growth and aging .   Am Rev Respir Dis  . 
 1983 ; 127 ( 6 ): 725 - 734 .  

    17 .  Sherrill   DL ,  Lebowitz   MD ,  Knudson   RJ , 
 Burrows   B .  Methodology for generating 
continuous prediction equations for 
pulmonary function measures .   Comput 
Biomed Res  .  1991 ; 24 ( 3 ): 249 - 260 .   

    18 .  Slieker   MG ,  Uiterwaal   CS ,  Sinaasappel  
 M ,  Heijerman   HG ,  van der Laag   J , 
 van der Ent   CK .  Birth prevalence and 
survival in cystic fi brosis: a national 
cohort study in the Netherlands .   Chest  . 
 2005 ; 128 ( 4 ): 2309 - 2315 .   

    19 .  O’Connor   GT ,  Quinton   HB ,  Kahn   R ,  et 
al ;  Northern New England Cystic Fibrosis 
Consortium .  Case-mix adjustment for 
evaluation of mortality in cystic fi brosis . 
  Pediatr Pulmonol  .  2002 ; 33 ( 2 ): 99 - 105 .   

    20 .  Kerem   E ,  Reisman   J ,  Corey   M ,  Canny  
 GJ ,  Levison   H .  Prediction of mortality 
in patients with cystic fi brosis .   N Engl J 
Med  .  1992 ; 326 ( 18 ): 1187 - 1191 .   

    21 .  McKone   EF ,  Emerson   SS ,  Edwards   KL , 
 Aitken   ML .  Eff ect of genotype on phe-
notype and mortality in cystic fi brosis: 
a retrospective cohort study .   Lancet  . 
 2003 ; 361 ( 9370 ): 1671 - 1676 .   

    22 .  Courtney   JM ,  Bradley   J ,  Mccaughan   J , 
 et al .  Predictors of mortality in adults 
with cystic fi brosis .   Pediatr Pulmonol  . 
 2007 ; 42 ( 6 ): 525 - 532 .   

    23 .  Ledson   MJ ,  Gallagher   MJ ,  Jackson   M , 
 Hart   CA ,  Walshaw   MJ .  Outcome of 
Burkholderia cepacia colonisation in 
an adult cystic fi brosis centre .   Th orax  . 
 2002 ; 57 ( 2 ): 142 - 145 .   

    24 .  Milla   CE ,  Billings   J ,  Moran   A .  Diabetes 
is associated with dramatically decreased 
survival in female but not male sub-
jects with cystic fi brosis .   Diabetes Care  . 
 2005 ; 28 ( 9 ): 2141 - 2144 .   

    25 .  Welsh   MJ ,  Smith   AE .  Molecular mech-
anisms of CFTR chloride channel 
dysfunction in cystic fi brosis .   Cell  . 
 1993 ; 73 ( 7 ): 1251 - 1254 .   

    26 .  Nixon   GM ,  Armstrong   DS ,  Carzino  
 R ,  et al .  Clinical outcome aft er 
early Pseudomonas aeruginosa in-
fection in cystic fi brosis .   J Pediatr  . 
 2001 ; 138 ( 5 ): 699 - 704 .   

    27 .  Li   Z ,  Kosorok   MR ,  Farrell   PM ,  et al . 
 Longitudinal development of mu-
coid Pseudomonas aeruginosa infec-
tion and lung disease progression in 

[AQ12]

[AQ13]

[AQ14]

[AQ15]

digitale
Highlight

digitale
Highlight



 10   Original Research      [     �   �   �   #   �     C H E S T     �   �   �     2 0 1 5    ]  

children with cystic fi brosis .   JAMA  . 
 2005 ; 293 ( 5 ): 581 - 588 .   

    28 .  Claritas, Inc . Population facts database. 
 2004   .  

    29 .  Borowitz   D ,  Robinson   KA ,  Rosenfeld  
 M ,  et al ;  Cystic Fibrosis Foundation . 
 Cystic Fibrosis Foundation evidence-
based guidelines for management of 
infants with cystic fi brosis .   J Pediatr  . 
 2009 ; 155 ( Suppl 6 ): S73 - S93 .   

    30 .  Kerem   E ,  Conway   S ,  Elborn   S ,  Heijerman  
 H ;  Consensus Committee .  Standards 
of care for patients with cystic fi brosis: 
a European consensus .   J Cyst Fibros  . 
 2005 ; 4 ( 1 ): 7 - 26 .   

    31 .  Sosnay   PR ,  Siklosi   KR ,  Van Goor   F ,  et al . 
 Defi ning the disease liability of variants 
in the cystic fi brosis transmembrane 
conductance regulator gene .   Nat Genet  . 
 2013 ; 45 ( 10 ): 1160 - 1167 .   

    32 .  Etches   V ,  Frank   J ,  Di Ruggiero   E ,  Manuel  
 D .  Measuring population health: a review 
of indicators .   Annu Rev Public Health  . 
 2006 ; 27 : 29 - 55 .   

    33 .  Braveman   PA ,  Egerter   SA ,  Mockenhaupt  
 RE .  Broadening the focus: the need 
to address the social determinants of 
health .   Am J Prev Med  .  2011 ; 40 ( suppl 1 ):
 S4 - S18 .   

    34 .  Accurso   FJ ,  Rowe   SM ,  Clancy   JP ,  et al . 
 Eff ect of VX-770 in persons with cystic 
fi brosis and the G551D-CFTR mutation . 
  N Engl J Med  .  2010 ; 363 ( 21 ): 1991 - 2003 .   

    35 .  Taylor-Robinson   DC ,  Smyth   RL ,  Diggle  
 PJ ,  Whitehead   M .  Th e eff ect of social 
deprivation on clinical outcomes and the 
use of treatments in the UK cystic fi brosis 
population: a longitudinal study .   Lancet 
Respir Med  .  2013 ; 1 ( 2 ): 121 - 128 .   

    36 .  Aber   JL ,  Bennett   NG ,  Conley   DC ,  Li   J . 
 Th e eff ects of poverty on child health and 
development .   Annu Rev Public Health  . 
 1997 ; 18 ( 1 ): 463 - 483 .   

    37 .  Wilkinson   R ,  Marmot   M .   Social 
Determinants of Health: Th e Solid Facts  . 
 2nd ed.   Copenhagen, Denmark :  World 
Health Organization ;  2003 .  

    38 .  Watts   KD ,  Seshadri   R ,  Sullivan   C , 
 McColley   SA .  Increased prevalence of 
risk factors for morbidity and mortality 
in the US Hispanic CF population . 
  Pediatr Pulmonol  .  2009 ; 44 ( 6 ): 594 - 601 .   

    39 .  Cohen-Cymberknoh   M ,  Shoseyov   D , 
 Kerem   E .  Managing cystic fi brosis: strat-
egies that increase life expectancy and 
improve quality of life .   Am J Respir Crit 
Care Med  .  2011 ; 183 ( 11 ): 1463 - 1471 .   

    40 .  Watts   KD ,  Schechter   MS .  Origins 
of outcome disparities in pediatric 

respiratory disease .   Pediatr Ann  . 
 2010 ; 39 ( 12 ): 793 - 798 .   

    41 .  Farrell   MH ,  Kuruvilla   P .  Assessment of 
parental understanding by pediatric res-
idents during counseling aft er newborn 
genetic screening .   Arch Pediatr Adolesc 
Med  .  2008 ; 162 ( 3 ): 199 - 204 .   

    42 .  Bradby   H .  Race, ethnicity and health: 
the costs and benefi ts of conceptualis-
ing racism and ethnicity .   Soc Sci Med  . 
 2012 ; 75 ( 6 ): 955 - 958 .   

    43 .  Lee   C .  “Race” and “ethnicity” in biomed-
ical research: how do scientists construct 
and explain diff erences in health?    Soc Sci 
Med  .  2009 ; 68 ( 6 ): 1183 - 1190 .   

    44 .  Anand   SS .  Using ethnicity as a 
classifi cation variable in health research: 
perpetuating the myth of biological 
determinism, serving socio-political 
agendas, or making valuable contribu-
tions to medical sciences?    Ethn Health  . 
 1999 ; 4 ( 4 ): 241 - 244 .   

    45 .  Pearce   N ,  Foliaki   S ,  Sporle   A , 
 Cunningham   C .  Genetics, race, ethnicity, 
and health .   BMJ  .  2004 ; 328 ( 7447 ):
 1070 - 1072 .   

    46 .  Tramper-Stranders   GA ,  van der Ent   CK , 
 Wolfs   TF .  Detection of  Pseudomonas 
aeruginosa  in patients with cystic fi brosis . 
  J Cyst Fibros  .  2005 ; 4 ( suppl 2 ): 37 - 43 .   

[AQ16]



  Author: Read proofs carefully. Th is is your ONLY opportunity to make changes. NO further alterations will be 

allowed aft er this point. 

  [AQ1]: If post-publication corrections are required, CHEST will bill you for the cost of posting a new fi le online and 

resupplying information to PubMed. Please review your proofs carefully. 

  [AQ2]: Please verify that the short title associated with your article - Hispanic Patients With Cystic Fibrosis - is ac-

ceptable. Short titles cannot exceed 50 characters, including spaces. 

  [AQ3]:  Please verify the spellings of all authors (fi rst, middle name or initial, last). Please verify with your coauthors 

that the name is shown as they prefer. Do your coauthors want a middle name or initial provided? (Th is is 

how the name will be supplied to PubMed and other indexing services). Postpublication, if vendors need to 

be resupplied with name corrections, CHEST may bill you for the cost of the fi le resupply.  

  [AQ4]: Please verify with your coauthors that affi  liations are accurate. 

  [AQ5]: Please spell out “NIH-NCATS-CTSA.” 

  [AQ6]: Please approve or amend the fi nancial disclosure statement as necessary and confi rm that the appropriate 

grant numbers are present and correct as set. If funding is noted aft er publication, the authors will incur 

postproduction fees associated with making these additions and resupplies. 

  [AQ7]: Please verify your correspondence address and information, including e-mail address. 

  [AQ8]: Journal style prefers “% predicted” instead of “percent of predicted.” Please confi rm edits to abbreviation and 

expansion retain your meaning. 

  [AQ9]: Is institutional review board, panel on human subjects in medical research, OK as set? (ie, lower case) 

  [AQ10]: Please clarify the meaning of “mode residential ZIP code.” 

  [AQ11]: Please clarify the meaning of the sentence beginning, “Th is fi nding may be due to …” 

  [AQ12]: Please verify author contributions. 

  [AQ13]: Please verify and update the confl ict of interest information as needed for all authors. 

  [AQ14]: Please describe the role of all funding bodies, beyond fi nancial support, in the Role of Sponsors section of the 

Acknowledgments or confi rm this statement as shown is correct. 

  [AQ15]: Are changes to Ref. 14 correct? 

  [AQ16]: Please provide more information for Ref. 28, such as publisher name and location. Is there a web address? If 

so, please provide, along with date accessed. 

  [AQ17]:  Please review all images carefully to make sure they are clear and in focus.  

  [AQ18]: Please proofread the data in your tables carefully. 

  [AQ19]: “CFRD” was expanded to “cystic fi brosis-related diabetes” – is this correct? 

AUTHOR QUERIES



  [AQ20]: Table 3 title says “Top 15 CFTR Alleles” but 16 seem to be listed under Hispanic patients. Is this correct? 

  [AQ21]: Please clarify the meaning of “TG” in Table 3 footnote. 




