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Abstract

Rationale: Patients of Hispanic origin with cystic fibrosis (CF) are
the largest growing minority, representing 8.5% of patients with CF
in the United States. No national survival analysis of this group has
ever been undertaken.

Objectives:We aimed to determine whether Hispanic ethnicity
within the CF population is associated with worse outcomes and
whether any geographic differences exist.

Methods: Using U.S. Cystic Fibrosis Foundation Patient Registry
data from 2010 to 2014, we performed a retrospective cohort
analysis comparing survival rates between Hispanics and non-
Hispanics using Kaplan-Meier and Cox regression analysis. A
subject’s residence was categorized into geographic regions based on
U.S. Census Bureau data: Northeast, Midwest, West, and South.

Measurements and Main Results: A total of 29,637 patients
were included in the study; 2,493 identified themselves as Hispanic.
Hispanics had a lower survival probability overall, with a mean age
of death of 22.46 9.9 years compared with non-Hispanics of 28.16
10.0 years (P, 0.0001). Multivariate Cox proportional hazards
modeling revealed that Hispanic patients with CF had a 1.27 times
higher rate of death compared with non-Hispanics (95% confidence
interval, 1.05–1.53) after adjusting for covariates including age, sex,
geneticmutations, bacterial cultures, lung function, bodymass index,
use of CF respiratory therapies, low socioeconomic status, pancreatic
enzyme use, and CF-related diabetes. When analyzed by region,

Hispanics in the Midwest, Northeast, and West had shorter median
survivals compared with non-Hispanics, which was not demonstrated
in the South.

Conclusions: Patients with CF of Hispanic origin have a higher
mortality rate than non-Hispanic patients with CF. This pattern was
seen in the Midwest, Northeast, and West but not in the South.
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At a Glance Commentary

Scientific Knowledge on the Subject: Cystic fibrosis is
predominantly a disease affecting white persons, although
vulnerable subpopulations in the United States may exist based
solely on ethnicity. There are no existing data on the mortality
rate of Hispanic versus non-Hispanic patients in the United
States.

What This Study Adds to the Field: This study shows for the
first time that Hispanic patients with cystic fibrosis have a
higher mortality rate than non-Hispanic patients. We further
demonstrate that there are regional variations in mortality of
the Hispanic population, which leads to many questions about
the regional resources available for this population, details
regarding socioeconomic and educational status and genetic
variation in this population across the country.
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Cystic fibrosis (CF) is an autosomal-
recessive disease predominantly affecting
white persons and involving multiple
organ systems causing chronic lung and
sinus disease, pancreatic insufficiency,
gastrointestinal disorders, and male
infertility. Despite being one of the most life-
limiting inherited illnesses, advances in
pulmonary and nutritional therapies in
conjunction with multidisciplinary care
at Cystic Fibrosis Foundation (CFF)-
accredited centers have led to improved
survival rates over the past three decades.
Median predicted survival age has
increased from 29 years during the
period of 1986–1990 to greater than
47 years by 2016 (1). Furthermore, a
recent study estimated that those born
with CF in 2010 have projected median
survival ages of 54–58 years old assuming a
decreasing mortality rate seen from 2000
to 2010 (2).

Although CF is most prevalent in the
white population, afflicting approximately
1 in 2,500 individuals and making up
more than 90% the U.S. CF population,
CF can be found in all races including
African Americans (1 in 15,000), Hispanic
Americans (1 in 8,000), and Asian
Americans (1 in 35,000) (3–5). Of the
29,497 patients currently in the U.S. CFF
patient registry (CFFPR) in 2016, a total of
8.5% are Hispanic and this percentage has
steadily grown over the past 15 years (1),
reflecting national population trends where
Hispanics accounted for 18% of the nation’s
population in 2016 and the second largest
racial group behind white persons (6).
The expected survival of all patients with
CF continues to rise; however, certain
subpopulations may still remain at risk for
worse clinical outcomes. Hispanic patients
with CF in California followed from 1991 to
2010 were found to have a 2.81 higher
mortality rate than non-Hispanic patients
with CF. This held true even after adjusting
for socioeconomic status and clinical risk
factors; yet no differences in access and
use of CF center care were seen between
these two groups (7). However, areas of
Texas found no significant difference
in outcomes of Hispanic versus non-
Hispanic patients with CF (8). Given the
contradictory data on Hispanic patients
with CF in California versus Texas and
existing data on geographic differences in
the health of the Hispanic population in
other respiratory diseases, such as asthma
(9), we hypothesize that there are regional

differences in outcomes of Hispanic versus
non-Hispanic patients with CF.

Per reports from the Centers for
Disease Control and Prevention, Hispanic
death rate is 24% lower than white persons
living in the United States (10) A “Hispanic
paradox” has been described for the
discrepancy seen in Hispanic subtypes and
their burden of obstructive lung diseases in
younger and older patients (9, 11). For
example, Puerto Ricans have a higher
prevalence of asthma and disproportionate
burden of asthma attacks in the United
States, whereas Mexican Americans have
lower rates of chronic obstructive pulmonary
disease and whether differences in among
certain subtypes of Hispanic population
have never been examined (9, 12–14).
Based on U.S. Census data from 2010,
Hispanic persons of Mexican origin are
typically in western and southern states;
those of South American origin live in
southern states; and those of Puerto Rican,
Dominican, and Cuban origin reside in the
northeast (15). Given the geographic
distribution and genetic diversity that exists
within the U.S. Hispanic population, we
sought to examine both national and
regional differences in clinical outcomes
between Hispanic and non-Hispanic
patients with CF.

Methods

CFFPR is a national registry including
nearly all patients seen at more than 110
CFF-accredited care centers in the United
States. CFF distributes annual patient data
questionnaires to be completed by clinic
personnel at each individual center. This
questionnaire contains information on basic
demographic, diagnostic, clinical, and
outcome data that is then entered into the
CFFPR, which has been maintaining data
since 1986. Historically, the registry has
accurately reported 92%–97% of all CF
deaths reported in the U.S. Vital Statistics
(16). Hispanic origin and residing state
location are parenterally or self-reported on
these questionnaires. The University of
Texas Southwestern Medical Center
institutional review board approved the
study protocol (#STU 022015–002).

The study design is a retrospective
cohort analysis using longitudinal data from
the CFFPR to compare survival rates
between Hispanic and non-Hispanic
patients with CF. We included all patients

with CF with data entered in the CFFPR
from 2010 to 2014. Patients were censored at
the time of lung transplant or last visit date.
Individuals were excluded if they did not
self-report whether they are of Hispanic
origin, if they received a transplant before
the study period, or if their age of diagnosis
was less than 0. Patients older than age 50 at
the start of the study were also excluded
because prior research has noted that
more than 50% of the patients in this age
demographic did not have their deaths
reported in the CFFPR (17). The primary
outcome of interest was survival, which was
defined as the length of time between date
of birth and date of death as has been used
for previous CF survival analysis (18, 19).
Secondary outcomes included yearly CF
exacerbations because this is commonly a
marker for worse outcomes (20).

Subjects’ residing state was labeled into
one of four main regions based on U.S.
Census Bureau data: Northeast, Midwest,
South, and West (15). If subjects in the
registry lived in more than one state during
the study period of 2010–2014, the state
they lived in the longest was used. If equal
time was spent in each state, then the last
reported state was used.

Demographic data were evaluated
using Student’s t test for continuous
variables and chi-square for categorical
variables. Survival analysis was completed
using the Kaplan-Meier estimation of the
proportion of subjects surviving at any
point during follow-up and the log-rank
statistic to assess statistically significant
differences between the survival curves.
Stepwise Cox regression analysis was
conducted to investigate significant
differences in survival between Hispanic
and non-Hispanic patients with CF after
controlling for the effects of confounding
factors. Covariates were selected based on
known clinical risk factors that affect
survival in the CF population (18, 20).
These variables were identified a priori
from medical literature review and include
age of birth, female sex, CF transmembrane
conductance regulator genotype (F508del
homozygous, F508del heterozygous, other,
or missing) (18), or pancreatic enzyme
use. CF-related diabetes mellitus or
impaired glucose tolerance was defined per
published consensus guidelines (21). Culture
information was presented as positive if ever
infected with Pseudomonas aeruginosa,
Burkholderia complex, or methicillin-
resistant Staphylococcus aureus (MRSA).
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These organisms were chosen based on data
supporting their impact on mortality in CF
(19, 22, 23). Public health insurance was
noted to be yes if subject was ever on public
health insurance during the study period
(18–20). No health insurance was also
documented as yes if ever without health
insurance of any kind. Medications used
including dornase alpha, hypertonic saline,
and ivacaftor for those eligible were also
defined as yes if ever used. Number of
outpatient visits was defined per year.
Percent-predicted FEV1 is displayed as
mean value for those greater than or equal
to 6 years of age at entry into the cohort for
the univariate and multivariate analysis and
is broken down by age groups for the
demographics. Body mass index (BMI) at
entry into the cohort was used and was
defined as underweight, adequate weight,

and overweight. For subjects 2–19, they
were defined as underweight if BMI
percentile was less than or equal to 12,
adequate weight if BMI percentile was
13–84, and overweight if BMI was greater
than or equal to 85. For subjects over 19,
they were defined as underweight if BMI was
less than 18.5 kg/m2, adequate weight if
between 18.5–24.9 kg/m2, or overweight if
greater than or equal to 25.kg/m2 (18). Use
of dornase alpha, hypertonic saline, or
ivacaftor were reported as yes if ever used
in the 5-year study period. No variables
were analyzed as time dependent based on
the definitions used. Secondary endpoint
of exacerbation rate was analyzed using
Poisson regression.

Patients with milder clinical phenotypes
have longer survival times. Therefore,
differences in proportions of patients with

milder CF disease in the Hispanic and
non-Hispanic would bias survival estimates.
To address this potential ascertainment
bias, we conducted an additional
subgroup analysis only including subjects
diagnosed at less than 2 years of age or
with pancreatic insufficiency. Themultivariable
Cox proportional hazards model was repeated
as described above.

All statistical data were analyzed using
SAS version 9.4 (SAS Institute).

Results

A total of 33,014 individuals with CF were
registered in the CFFPR from 2010 to 2014.
Of these, we excluded patients if Hispanic
ethnicity was unrecorded (n = 1,355; 4.1%),
if they underwent lung transplant before

Excluded (n = 3,377):
Hispanic ethnicity not recorded, n = 1,355
Lung transplant prior to Jan 1, 2010, n = 953
Age > 50 at start of study, n = 912
Age of diagnosis < 0, n = 15 

Excluded from regional analysis:
Hispanics missing zip codes = 30;
Non-Hispanics missing zip codes = 53

West
Hispanic = 918

Non-Hispanic = 4,747

South
Hispanic = 884

Non-Hispanic = 9,540

Midwest
Hispanic = 275

Non-Hispanic = 7,458

Northeast
Hispanic = 386

Non-Hispanic = 5,346

CF patients in the U.S.
registry from 2010–2014

n = 33,014 

CF patients remaining in
study cohort
n = 29,637

Hispanics
n = 2,493

Non-Hispanics
n = 27,144

Figure 1. Flowchart of study population. A flowchart of individuals with cystic fibrosis (CF) registered in the Cystic Fibrosis Foundation patient registry
from 2010 to 2014 is displayed. A total of 33,014 individuals with CF were entered. Of these, 1,355 patients were excluded because Hispanic ethnicity
was not recorded, 953 were excluded because they underwent lung transplantation before 2010, a total of 912 were excluded for age greater than 50
at the start of the study period, and 15 if age of diagnosis was less than 0. A total of 29,637 subjects with CF comprised the study cohort with 2,493
Hispanic patients (8.41% of the population).
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2010 (n = 953; 2.9%), if they were older
than age 50 at the start of the study (n =
912; 2.8%), and if their age at diagnosis was
less than 0 (n = 15; 0.001%) (Figure 1). A
total of 29,637 subjects with CF comprised
the study cohort with 8.4% reporting
Hispanic ethnicity. Baseline characteristics
between Hispanics and non-Hispanics
are listed in Table 1. Hispanic patients
compared with their non-Hispanic
counterparts were overall younger in
this study cohort, younger at time of CF
diagnosis, and younger at the time of death.
There was no difference in sex distribution.
Hispanics had a lower prevalence of
F508del homozygous mutations and lower
mean sweat tests had less culture positivity
for MRSA, P. aeruginosa and Burkholderia
complex, and were on less pancreatic
enzymes (a surrogate for pancreatic
insufficiency). Hispanic patients with CF

also had lower rates of CF-related diabetes.
Importantly, they had higher use of public
health insurance and no insurance, but no
difference in number of outpatient visits to
their CF center per year. In addition,
similar usage of dornase alpha, hypertonic
saline, and ivacaftor was seen between the
two groups. Lung function among different
age groups showed lower percent-predicted
FEV1 in all age groups outside of the group
older than 35 years of age, which was
similar. Notably, 896 patients had undergone
lung transplantation during the study
period. Fifty Hispanic subjects (2.0%)
underwent lung transplant, and 846 non-
Hispanic subjects (3.1%) underwent lung
transplant (P = 0.002). Interestingly, the
average age of transplant in the Hispanic
subjects was 22.06 8.1 years versus 30.16
9.2 in the non-Hispanics subjects (P,
0.0001). One hundred and twenty-three

Hispanic subjects were lost to follow-up
(4.93%), whereas 1,211 non-Hispanic
subjects were lost to follow up (4.46%;
P = 0.392). Lost to follow-up was defined as
subjects who were not censored for death or
lung transplant and who had no data in
the last 2 years of the study period as per
definition of prior groups (18).

A total of 1,710 patient deaths
occurred, 122 among the Hispanics (4.9%)
and 1,588 among the non-Hispanics (5.9%).
The median estimated survival was 51.1
years (interquartile range [IQR], 50.1–51.9)
for the total population with a median
estimated survival age of 49.7 years (IQR,
47.7–nonestimable) for Hispanic patients
and 51.2 years (IQR, 50.2–51.9) for non-
Hispanic patients (P, 0.0001)) (Figure 2).

The unadjusted and adjusted hazard
ratios (HRs) for the subjects are presented in
Table 2. The unadjusted HR for Hispanic

Table 1. Baseline Characteristics of Study Cohort

Characteristics
Hispanic
(n = 2,493)

Non-Hispanic
(n = 27,144) P Value

Standardized
Differences

Age at entry into the cohort, mean (SD), yr 11.6 (10.2) 17.0 (12.3) ,0.0001 0.447
Age at diagnosis, mean (SD), yr 2.8 (5.9) 3.1 (7.0) 0.005 0.052
Age at death, mean (SD), yr 22.4 (9.9) 28.1 (10.0) ,0.0001 0.562
Deaths, n (%) 122 (4.9) 1,588 (5.9) 0.050 0.030
Age of lung transplantation, mean (SD), yr 22.0 (8.1) 30.1 (9.2) ,0.0001 0.894
Underwent lung transplantation, n (%) 50 (2.0) 846 (3.1) 0.002 0.050
Female sex, n (%) 1,190 (47.7) 13,027 (48.0) 0.805 0.003
DF508 genotype ,0.0001
DF508 homozygous, n (%) 629 (25.2) 12,732 (46.9) 0.198
DF508 heterozygous, n (%) 1,038 (41.6) 10,333 (38.1) 0.049
No DF508, n (%) 719 (28.9) 3,250 (11.9) 0.141
Unknown allele or alleles, n (%) 107 (4.3) 829 (3.1) Ref

Sweat test value, mmol/L, mean (SD) 90.9 (25.2) 96.6 (22.0) ,0.0001 0.255
CF-related diabetes status ,0.0001
CF-related diabetes mellitus present, n (%) 208 (8.4) 3,817 (14.1) Ref
Impaired glucose tolerance, n (%) 130 (5.2) 1,528 (5.6) 0.149
No CF-related diabetes mellitus, n (%) 1,977 (85.4) 20,606 (79.4) 0.131

Pancreatic enzyme use ,0.0001
Not using pancreatic enzymes, n (%) 382 (16.7) 3,496 (13.6) 0.606
Using pancreatic enzymes, n (%) 1,908 (83.3) 22,200 (86.4) Ref

Methicillin-resistant Staphylococcus aureus, n (%) 391 (17.5) 6,104 (24.6) ,0.0001 0.123
Pseudomonas aeruginosa, n (%) 990 (44.2) 11,977 (48.2) 0.0003 0.056
Burkholderia complex, n (%) 31 (1.4) 613 (2.5) 0.001 0.056
ppFEV1, mean (SD) 78.2 (25.1) 77.6 (25.6) 0.358 0.025
ppFEV1, age 6–12, mean 6 SD (n) 90.06 20.0 (476) 96.36 17.0 (3,978) ,0.0001 0.366
ppFEV1, age 13–18, mean 6 SD (n) 84.76 23.5 (421) 88.56 20.5 (4,525) 0.001 0.184
ppFEV1, age 19–25, mean 6 SD (n) 66.96 22.0 (304) 72.16 23.4 (4,672) 0.0001 0.225
ppFEV1, age 26–35, mean 6 SD (n) 57.06 21.8 (157) 63.76 23.9 (3,925) 0.0005 0.283
ppFEV1, age .35, mean 6 SD (n) 56.86 22.7 (71) 58.76 23.4 (2,326) 0.504 0.081
On public health insurance, n (%) 1,543 (61.9) 11,612 (42.8) ,0.0001 0.276
No insurance, n (%) 48 (2.07) 398 (1.53) 0.046 0.029
Number of outpatient visits per year, mean (SD) 4.6 (2.7) 4.6 (2.9) 0.790 0.006
Prescribed dornase alfa, n (%) 1,615 (71.0) 18,358 (71.9) 0.329 0.015
Prescribed hypertonic saline, n (%) 932 (40.9) 10,944 (42.8) 0.075 0.027
Prescribed VX770, n (% of eligible) 2 (6.25) 44 (3.64) 0.334 0.085

Definition of abbreviations: CF = cystic fibrosis; ppFEV1 = percent predicted FEV1; Ref = reference.

ORIGINAL ARTICLE

1058 American Journal of Respiratory and Critical Care Medicine Volume 198 Number 8 | October 15 2018



patients with CF compared with non-
Hispanics was significantly higher (HR,
1.67; 95% confidence interval [CI],
1.43–1.97). After adjusting for all listed
covariates, the HR for Hispanic patients
with CF was 1.27 (95% CI, 1.05–1.53).
In this study population, missing data
were seen in culture results of MRSA,
P. aeruginosa, and Burkholderia complex
(8.5%); pancreatic enzyme use (5.6%);
percent-predicted FEV1 (29.7%); BMI
(15.5%); treatment with hypertonic saline
and dornase alpha (6.2%); cystic fibrosis–
related diabetes (CFRD) status (4.6%);
outpatient visits (4.9%); and no insurance
(4.7%). There was no missing data for
variables including date of birth, sex,
pulmonary exacerbations, DF508 genotyping,
and public health insurance.

To address any ascertainment bias
patients with milder disease would have on
the analysis, we ran an additional sensitivity
analysis only including subjects diagnosed at
less than 2 years of age and with pancreatic
insufficiency. We found 23,507 subjects who
met these criteria, of which 1,949 were
Hispanic and 21,558 were non-Hispanic.
Using the same Cox proportional analysis as
mentioned previously, this cohort was
evaluated and found the adjusted HR for

Hispanic race to be 1.24 (95% CI,
1.03–1.49; P = 0.023). This is very similar
to the 1.27 HR found with our primary
analysis (P = 0.999). Finally, despite the
notable difference in survival, the secondary
endpoint of mean CF exacerbation rates
was not statistically different between
Hispanics (0.69 exacerbations/yr) and non-
Hispanics (0.67 exacerbations/yr) (P= 0.4561).

We further evaluated the outcomes
in Hispanics relative to non-Hispanics
by classifying patients into one of four
geographic regions they reside in within
the United States (15). The distribution of
Hispanic patients differed with Hispanics
making up 6.73% of the population in the
Northeast, 3.54% of the population in the
Midwest, 8.49% of the population in the
South, and 16.20% of the population and in
the West. In the Northeast, Midwest, and
West regions, Hispanics demonstrated
a shorter median age of survival than
non-Hispanics: Northeast Hispanics
(46.0 yr; IQR, 42.9–49.8) to Northeast non-
Hispanics (.50.7) (P = 0.01) (Figure
3B), Midwest Hispanics (42.2 yr; IQR,
32.8–nonestimable) to Midwest non-
Hispanics (50.8 yr; IQR, 49.4–52.3)
(P = 0.0002) (Figure 3C), and Hispanics in
the West (.42.8 yr) compared with non-

Hispanics in the West (51.8 yr; IQR,
50.6–nonestimable) (P, 0.0001)
(Figure 3E). In the South, however,
Hispanics had a similar median age of
survival (.48.5 yr) compared with non-
Hispanics (49.4 yr; IQR, 48.4–51.4)
(P = 0.88) (Figure 3D). When comparing
Hispanic patients with CF in all four
regions with one another, the Midwest
region had the lowest median age of
survival, whereas the Northeast and South
had the highest median age of survival
(P = 0.04) (Figure 3A). Survival analysis of
the combined population of Hispanics and
non-Hispanics by region can be found in
the online supplement (see Figure E1).

Table 3 shows baseline demographics
of the Hispanic population categorized by
the four regions. Mean age, mean age at
diagnosis, female sex, lung transplant,
FEV1, public health insurance, and outpatient
visits did not statistically differ among all
four regions for Hispanic patients with CF.
Northeast Hispanic patients with CF had less
DF508 homozygous and heterozygous
mutations (P = 0.015), more Burkholderia
cepacia (P = 0.03), but similar rates of
pancreatic enzyme use, CFRD, and MRSA
and P. aeruginosa culture positivity
compared with Midwest Hispanic patients
with CF. Hispanic patients with CF residing
in the South compared with the Midwest had
fewer females (P = 0.03) and higher rates of
pancreatic enzyme use (P = 0.003) but similar
rates of DF508 mutations (P = 0.29), CFRD
(P = 0.52), MRSA (P = 0.29), P. aeruginosa
(P = 0.35), and Burkholderia (P = 0.21).

Discussion

Although the median predicted survival
has improved for all patients with CF
over the past three decades, our results
confirm that patients with CF of Hispanic
origin have a worse overall survival than
non-Hispanic patients with CF when
evaluating a contemporary CF population.
The unadjusted impact of Hispanic ethnicity
on survival revealed a 1.4-year shorter life
span for those of Hispanic ethnicity than
those of non-Hispanic ethnicity. Even after
adjusting for important clinical variables
known to impact mortality, Hispanic patients
with CF had a 1.27 higher risk of death than
non-Hispanics in those younger than age 50
at the study onset. We censored patients at the
time of transplant for purposes of this
survival analysis. However, we found that
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Figure 2. Kaplan-Meier estimates of survival according to Hispanic ethnicity. Displayed are the
Kaplan-Meier survival estimates for total U.S. Hispanic versus non-Hispanic population taken from
the Cystic Fibrosis Foundation patient registry. The median estimated survival was 49.8 years
(interquartile range, 47.7–nonestimable) for Hispanic cohort versus 51.2 years (interquartile range,
50.2–51.9) for non-Hispanic patients (P, 0.0001). Displayed below the graph are the numbers of
subjects remaining under observation at each time point in each cohort.
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the Hispanic patients that did undergo lung
transplantation were younger overall than
the non-Hispanic patients who were
transplanted, supporting another metric of
increased disease severity in the Hispanic
population. Our study also underscores the
importance that the Hispanic population
in the United States is not homogenous
with notable regional differences, which
may affect mortality in these subgroups.
Among all four regions of the United
States, Hispanic patients with CF had the
worst median age of survival in the Midwest,
yet similar rates of culture positivity,
mean age at diagnosis, female sex, lung
transplant, public health insurance, and
outpatient visits compared with their Hispanic
counterparts in the Northeast, South, and
West regions.

One possible explanation for the lower
median survival of Hispanics in theMidwest

may be because of the overall smaller
population of Hispanics in this region
(n = 275), thereby potentially affecting the
composition of providers at these CFF
centers in regards to language translational
services and cultural sensitivity. The
current construction of the CFFPR
questionnaire remains patient-centered,
but questions pertaining to each center
including the make-up of their care
providers and language and cultural
competencies have yet to be examined.
To fully address health disparities seen in
this subpopulation, understanding any
discrepancies that may exist at the care
center level is of utmost importance.
Disparities in health and access to care are
further highlighted by recent reports that
compare CF outcomes among patients living
in the United States with those living in
Canada, where the outcomes were higher

(18). Notably, they did not break down race
in this study other than white versus not.

Given that Hispanic ethnicity is heavily
confounded by socioeconomic status, prior
research has tried to estimate socioeconomic
status of patients with CF by median
neighborhood income (7); however, this is
subject to a high degree of measurement
bias. Although the CFFPR does obtain data
on family income, only 21.5% of subjects in
our study cohort had completed this entry
(data not shown; 9% Hispanic patients with
CF were living ,$30,000 annual income
compared with 6% of non-Hispanic patients
with CF; P, 0.0001), and thus we opted to
not include this in our Cox regression
modeling and instead use an established
surrogate marker of socioeconomic status of
ever being on public health insurance (24).
The ethnic difference seen in our results
may be influenced by unknown genetic

Table 2. Hazard Ratios of Mortality Calculated from Cox Regression Modeling

Covariate
Observations

(n)
Unadjusted HR

(95% CI) P Value
Adjusted HR
(95% CI) P Value

Hispanic ethnicity 29,637 1.67 (1.43–1.97) ,0.0001 1.27 (1.05–1.53) 0.015
Date of birth 29,637 ,0.0001 ,0.0001
1961–1970 8,644.67 (5,059.72–14,769.67) 136,276.60 (67,998.40–273,113.98)
1971–1980 796.53 (561.31–1130.32) 4,345.57 (2,758.13–6,846.68)
1981–1990 123.51 (90.37–168.80) 308.65 (205.51–463.54)
1991–2000 9.67 (7.52–12.43) 16.11 (11.66–22.27)
>2001–2010 Ref Ref

Female sex 29,637 1.34 (1.24–1.45) ,0.0001 1.25 (1.14–1.38) ,0.0001
DF508 genotype 29,637 ,0.0001 ,0.0001
DF508 homozygous 0.68 (0.59–0.79) 0.61 (0.50–0.74)
DF508 heterozygous 0.44 (0.37–0.51) 0.56 (0.46–0.68)
No DF508 0.34 (0.28–0.41) 0.54 (0.42–0.68)
Unknown genotype Ref Ref

Sweat value 25,593 1.01 (1.01–1.01) ,0.0001 1.00 (0.99–1.00) 0.718
On pancreatic enzymes 27,986 3.50 (2.98–4.12) ,0.0001 1.25 (1.02–1.53) 0.032
ppFEV1 20,855 0.95 (0.95–0.96) ,0.0001 0.95 (0.94–0.95) ,0.0001
BMI 25,056 ,0.0001 0.010
Underweight Ref Ref
Adequate weight 0.40 (0.37–0.44) 1.02 (0.91–1.15)
Overweight 0.13 (0.11–0.15) 0.78 (0.63–0.95)

Diabetes 28,266 ,0.0001 ,0.0001
CFRD present 2.11 (1.93–2.30) 1.29 (1.17–1.43)
Impaired glucose
tolerance

1.74 (1.56–2.06) 1.24 (1.06–1.45)

No CFRD Ref Ref
MRSA 27,101 1.84 (1.68–2.01) ,0.0001 1.22 (1.10–1.35) ,0.0001
Pseudomonas aeruginosa 27,101 1.73 (1.55–1.93) ,0.0001 1.08 (0.95–1.23) 0.222
Burkholderia complex 27,101 1.83 (1.54–2.17) ,0.0001 1.36 (1.13–1.64) 0.001
Public health insurance 29,637 2.60 (2.40–2.82) ,0.0001 1.19 (1.07–1.32) 0.0009
No insurance 28,266 1.79 (1.23–2.60) 0.0022 1.30 (0.76–2.22) 0.332
Outpatient visits 28,187 1.11 (1.10–1.12) ,0.0001 1.02 (1.01–1.03) 0.003
Rate of pulmonary

exacerbations
29,637 1.64 (1.61–1.67) ,0.0001 1.32 (1.28–1.36) ,0.0001

Use of hypertonic saline 27,802 0.69 (0.63–0.76) ,0.0001 0.92 (0.83–1.01) 0.077
Use of dornase alpha 27,802 0.32 (0.28–0.37) ,0.0001 0.909 (0.77–1.07) 0.24

Definition of abbreviations: BMI = body mass index; CFRD = cystic fibrosis–related diabetes; CI = confidence interval; HR = hazard ratio; MRSA =
methicillin-resistant Staphylococcus aureus; ppFEV1 = percent predicted FEV1; Ref = reference.
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Hispanics: All Regions
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Figure 3. Kaplan-Meier estimates of regional Hispanic to non-Hispanic comparisons of survival. (A) When comparing Hispanic patients with cystic fibrosis
in all four regions with one another, the Midwest region had the lowest median age of survival, whereas the Northeast and South had the highest median
age of survival (P = 0.04). (B) In the Northeast, Hispanics had a lower median age of survival (46.0 yr; interquartile range [IQR], 42.9–49.8) than non-
Hispanics (.50.7) (P = 0.01). (C) In the Midwest, Hispanics had a much lower median age of survival (42.2 yr; IQR, 32.8–nonestimable) compared with
non-Hispanics (50.8 yr; IQR, 49.4–52.3) (P = 0.0002). (D) In the South, Hispanics had a similar median age of survival (.48.5 yr) compared with non-
Hispanics (49.4 yr; IQR, 48.4–51.4) (P = 0.88). (E) In the West, Hispanics had a lower median predicted age of survival (.42.8 yr) compared with non-
Hispanics (51.8 yr; IQR, 50.6–nonestimable) (P, 0.0001).

ORIGINAL ARTICLE

Rho, Ahn, Gao, et al.: Hispanic Disparity in Cystic Fibrosis 1061



phenotypes in the Hispanic subpopulation
as has been previously reported (7) and
environmental and social factors not taken
into account by the CFFPR data collection,
such as health literacy, treatment adherence,
and even center-specific information of
Spanish proficiency and cultural competency.
In addition, the acculturation of patients with
CF of Hispanic origin may be impacting
outcomes. This is supported in the asthma
population where Mexican Americans born
in the United States have a higher risk of
asthma than those born in Mexico (9). Other
factors, such as the impact of differences
in diet, stress, and other environmental
variables, need to be considered.

Despite the clear association between
Hispanic ethnicity and shorter survival in
patients with CF demonstrated in this large
cohort analysis, limitations of this study
include those often found in epidemiologic
studies of registry data. Sampling bias can
occur because all patients in this study have
been enrolled at CFF accredited-centers and
provide consent into their inclusion in
this database. Although more than 80%
of the CF population in the United States
are captured in this database (25), the
results may not entirely be applicable for
all patients with CF in the United States,

particularly those not followed at CFF-
accredited centers. Misclassification bias
can also occur as patients or family
members are identifying whether or not
they are of Hispanic ethnicity and this may
not account well for patients who were of
mixed origin. Hispanic ethnicity is self-
reported in the CFFPR and there has been
research to suggest that the agreement
between administrative ethnicity collection
and self-report is higher for those that self-
identify as white or African American
versus those that self-identify as Hispanic,
Asian, or Native American (26, 27).

In addition, we did not account for
differences newborn screening may play on
the Hispanic versus non-Hispanic population.
It is quite possible that a larger proportion of
the Hispanics were born outside of the United
States and did not have CF diagnosed at birth.
However, we ran our Kaplan-Meier analysis of
survival using time from diagnosis to time to
death in addition to age at death as shown in
this analysis and found similar results with
median time from diagnosis to death being
44.1 years (IQR, 41.5–48.2) for Hispanic
patients and 46.1 years (IQR, 45.3–46.9) for
non-Hispanic patients (P, 0.0001).

Finally, because more transplants were
done in the non-Hispanic population than

the Hispanic population and we censored at
time of transplant, this could have biased the
results. We, therefore, ran the Kaplan-Meier
survival analysis including transplanted
subjects and found the median survival in
the Hispanic population to be greater than
48.0 years and greater than 53.5 years in the
non-Hispanic population (P, 0.0001),
which was similar to our findings but
does demonstrate an amplified difference
between the populations.

To conclude, in the United States,
Hispanic patients with CF have a worse
overall survival than non-Hispanic patients
with CF. Moreover, regional differences in
survival exist in the Hispanic CF population.
Further insight is required to determine
genetic and socioeconomic factors that
may be playing a role and examining
regional centers’ capabilities to providing
improved health outcomes to this
vulnerable subpopulation. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank the Cystic
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Table 3. Baseline Demographics of Hispanic Patients with CF Compared by Region

Northeast
(n = 386)

Midwest
(n = 274)

South
(n = 884)

West
(n = 917) All P Value

Age at entry into cohort, mean (SD), yr 12.26 (10.80) 11.16 (10.58) 11.67 (10.23) 11.29 (9.69) 0.39*
Age at diagnosis, mean (SD), yr 2.97 (6.23) 2.49 (5.83) 2.81 (6.14) 2.72 (5.69) 0.77*
Age at death, mean (SD), yr 27.51 (13.30) 25.75 (6.55) 21.69 (10.80) 20.80 (8.68) 0.05*
Deaths, n (%) 16 (4.15) 14 (5.11) 30 (3.39) 61 (6.65) 0.01
Underwent lung transplantation, n (%) 8 (2.07) 9 (3.28) 19 (2.15) 13 (1.42) 0.26
Female sex, n (%) 188 (48.70) 147 (53.65) 409 (46.27) 431 (47.00) 0.18
DF508 genotype
DF508 homozygous, n (%) 90 (23.32) 76 (27.73) 244 (27.60) 210 (22.90) ,0.0001
DF508 heterozygous, n (%) 131 (33.94) 116 (42.34) 404 (45.70) 377 (41.11)
Other, n (%) 142 (36.79) 75 (27.37) 200 (22.62) 293 (31.95)

CF-related diabetes status
CF-related diabetes present, n (%) 31 (8.03) 24 (8.76) 85 (9.62) 65 (7.09) 0.002
Impaired glucose tolerance, n (%) 10 (2.59) 9 (3.28) 41 (4.64) 69 (7.52)

On pancreatic enzymes, n (%) 276 (71.50) 199 (72.6) 701 (79.30) 712 (77.64) 0.0005
Methicillin-resistant Staphylococcus aureus, n (%) 59 (25.11) 44 (28.76) 169 (33.33) 118 (20.92) ,0.0001
Pseudomonas aeruginosa, n (%) 126 (36.10) 108 (42.86) 368 (46.23) 377 (45.92) 0.01
Burkholderia complex, n (%) 10 (2.87) 1 (0.40) 13 (1.63) 7 (0.85) 0.03†

ppFEV1, mean (SD) 77.85 (25.83) 79.44 (27.63) 78.23 (24.61) 78.27 (24.79) 0.95*
On public health insurance, n (%) 260 (67.36) 174 (63.50) 527 (59.62) 576 (62.81) 0.07†

Number of outpatient visits per year, mean (SD) 4.6876 2.858 4.9726 2.687 4.7026 2.793 4.4826 2.456 0.06*
Prescribed dornase alfa, n (%) 213 (60.34) 176 (69.84) 593 (73.76) 620 (73.46) ,0.0001
Prescribed hypertonic saline, n (%) 125 (35.41) 91 (36.11) 342 (42.54) 363 (43.01) 0.03

Definition of abbreviations: CF = cystic fibrosis; ppFEV1 = percent predicted FEV1.
*ANOVA.
†Fisher exact test; otherwise by chi-square test.
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