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Abstract

Background: Evidence is conflicting regarding differential health outcomes in racial and ethnic minorities with cystic
fibrosis (CF), a rare genetic disease affecting approximately 28,000 Americans. We performed a cross-sectional analysis
of health outcomes in Black/Latinx patients compared with non-Hispanic Caucasian patients cared for in a CF center
in New York City. Adult patients enrolled in the CF Foundation Patient Registry at the Columbia University Adult CF
Program and seen at least once during 2019 were included. Health metrics were compared between Black/Latinx and
non-Hispanic Caucasian patients.

Results: 262 patients were eligible. 39 patients (15%) identified as Black/Latinx or non-Hispanic Caucasian. Descrip-
tive statistics are reported with mean (standard deviation). Current age was 35.9 (13.3) years for non-Hispanic Cau-
casian and 32.0 (9.3) years for Black/Latinx patients (p =0.087). Age of diagnosis did not differ between groups; 9.56
(15.96) years versus 11.59 (15.8) years for non-Hispanic Caucasian versus Black/Latinx respectively (p = 0.464). Pulmo-
nary function, measured as mean forced expiratory volume in one second (FEV1) was 70.6 (22.5) percent predicted
in non-Hispanic Caucasian versus 59.50 (27.9) percent predicted in Black/Latinx patients (p=0.010). Number of visits
to the CF clinic were similar between groups. When controlled for age, gender, co-morbidities, median income, and
insurance status, there was a continued association between minority status and lower FEVT.

Conclusions: Minorities with CF have significantly lower pulmonary function, the major marker of survival, than non-
Hispanic Caucasians, even when controlled for a variety of demographic and socioeconomic factors that are known
to affect health status in CF. Significant health disparities based on race and ethnicity exist at a single CF center in New
York City, despite apparent similarities in access to guideline based care at an accredited CF Center. This data confirms
the importance of design of culturally appropriate preventative and management strategies to better understand
how to direct interventions to this vulnerable population with a rare disease.
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Introduction

Cystic fibrosis is an autosomal recessive disease affect-
ing nearly 28,000 Americans and is the most common
lethal genetic disease among white people [1, 2]. The dis-
ease primarily affects the gastrointestinal and respiratory
tracts, ultimately leading to respiratory failure. Forced

*Correspondence: Ead3@cumc.columbia.edu

! Columbia University Irving Medical Center, 622 West 168th Street, New
York, NY 10032, USA

Full list of author information is available at the end of the article

B BMC

expiratory volume in one second (FEV1) is a measure
of lung function and is the most sensitive indicator of
lung disease severity [3]. There have been tremendous
improvements in survival for individuals with cystic
fibrosis (CF) over the past several decades, with median
survival increasing from 27 years in 1986 to 46 years in
2019 [2]. The recent development of cystic fibrosis trans-
membrane regulator (CFTR) modulators is believed
to have the potential to increase life expectancy signifi-
cantly, since these compounds have been shown to mod-
ify disease progression in the lungs [4, 5]. Despite this,
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certain subpopulations may still remain at risk for worse
clinical outcomes.

Although CF is predominantly a disease of Caucasians,
the proportion of affected patients who are racial and
ethnic minorities is increasing, following demographic
trends in general in the US [2, 6]. For example, the num-
ber of patients with CF who are of Hispanic ethnicity
comprised 9.4% of the CF population in 2019 compared
to 6.1% in 2004 [2]. Black patients made up 4.7% of the CF
population in 2019 compared with 3.9% in 2004. Minor-
ity patients are a vulnerable population with high risk for
worse health outcomes [7]. Patients with CF differ from
those with many other chronic diseases in that CF is a
rare disease, the genetic basis of CF is well defined, and
most patients with CF receive guideline directed spe-
cialty care at accredited CF care centers.

While poorer health outcomes have been reported in
individuals with CF and lower socioeconomic status
(SES) [8], there is conflicting evidence regarding health
outcomes in racial and ethnic minorities with CF, with
apparent geographic differences playing a role in dis-
parities (6—9). Hispanic patients with CF in California
were found to have a 2.8 higher mortality rate than non-
Hispanic patients with CF, however Hispanic patients in
Texas had similar outcomes to those of non- Hispanics
[9]. Rho reported that Hispanics with CF had a 1.4 year
shorter life span than non-Hispanics and a 1.27 higher
risk of death, with disparities most affecting those living
in specific regions of the US [10]. This data highlights the
fact that there are regional differences in outcomes of
minority patients with CF. Defining and understanding
health disparities in this rare disease is particularly criti-
cal in light of recently approved treatments that have the
potential to significantly prolong life.

As a CF center in New York City with a relatively large
minority population, we sought to determine if racial and
ethnic disparities in health outcomes exist and to further
understand possible causes for any existing disparities.

Methods

The study was approved by the Columbia University
Institutional Review Board. This is a retrospective cross-
sectional analysis of adult patients enrolled in the Cystic
Fibrosis Foundation (CFF) Patient Registry at the Colum-
bia University Adult CF Program and seen at least once
during 2019. 96% of patients followed at the Center have
provided signed consent for inclusion in the Registry.
Patients who underwent lung transplantation at any time
prior to or during the year of analysis were excluded. The
Registry collects basic demographic, diagnostic, clinical
and outcome data for individuals each time they are seen
in the outpatient or inpatient setting. Ethnicity is col-
lected by self-report. Genetic mutations are classified by
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presence of one, two or no F508del/ mutations; F508de!
is the most common mutation in CF with approximately
45% of patients homozygous and 45% heterozygous [2].
F508del is considered a severe mutation in CF and is
associated with worse outcomes.

The primary predictor of interest was race/ethnicity,
categorized as Black/Latinx (BLx) or non-Hispanic Cau-
casian (NHC). Clinical and biological factors including
age, body mass index (BMI), forced expiratory volume in
one second (FEV1), F508del mutation, presence of diabe-
tes, presence of Pseudomonas aeruginosa in the lungs and
age at diagnosis were compared between BLx and NHC
patients. Mean FEV1 and BMI for the year were calcu-
lated as the average of the maximal value reported for
each quarter. Pseudomonas infection refers to presence
during the reported year. Other predictors of outcomes
were identified based on social factors most likely to
mediate or confound any relationship between race/eth-
nicity and health outcomes; specifically Medicaid insur-
ance status and median household income estimated by
zip code of residence. Markers of medical access such as
number of outpatient health related encounters to the CF
clinic, hospitalizations, or use of intravenous antibiotics
for treatment of CF pulmonary exacerbations over the
year were tabulated.

Statistical analysis

Descriptive statistics were generated and compared by
minority status for samples, characteristics, and out-
comes of interest. We reported mean (standard devia-
tion) and frequency (percentage) for continuous and
categorical variables respectively. Comparison by
minority status was conducted using t-test for continu-
ous variables and Chi-squared test for categorical vari-
ables. Linear regression analysis was applied to examine
whether minority status was associated with FEV1. The
analysis was done on the whole sample and by genotype
(presence of F508del mutation). Patients’ gender, age,
age at diagnosis, presence of diabetes, median household
income based on zip code of residence, and insurance
type (private/Medicare vs. public (Medicaid)) were also
included in the model to adjust for potential confound-
ing. We report the unadjusted and adjusted regression
coefficient of minority status (f) as well as its correspond-
ing 95% confidence interval and p value. We declare the
association as statistically significant if p <0.05. Findings
with p>0.05 but <0.10 supported a trend toward statisti-
cally significant.

Results

262 eligible patients were enrolled in the Cystic Fibro-
sis Registry and had at least one visit during 2019. 39
patients (15%) identified as Black (n=7) or Hispanic/
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Latinx. Mean current age was 35.9 (13.3) years for NHC
and 32.0 (9.3) years for BLx patients with no group dif-
ference (p =0.087). Mean age of diagnosis did not dif-
fer between groups; 9.56 (15.9) years versus 11.59 (15.8)
years, for NHC versus BLx respectively (p=0.46).
One hundred and sixteen (52%) of NHC patients were
diagnosed before age 2 years compared with eighteen
(46%) of BLx patients. BLx patients had a significantly
lower median household income based on zip code of
residence ($68,485) compared with NHC ($102,492),
p<0.001 (Table 1).

Mean FEV1 percent predicted was 59.50 (27.9) in
BLx patients vs. 70.6 (22.5) in NHC, (B=-11.10, 95%
CI=(-19.58, -2.63), p=0.010). Mean BMI, total num-
ber of outpatient clinic encounters, care episodes
(treatment with intravenous antibiotics), number of
hospitalizations, and number of intravenous antibiotic
days did not differ between groups (Table 1).

When adjusted for gender, age, age at diagnosis, pres-
ence of diabetes, median household income based on
zip code of residence and insurance type, the associa-
tion between minority status and lower FEV1 decreased
and trended toward statistical significance (f=-8.38,
95% CI=(-17.51, 0.75), p=0.072).

Table 1 Demographic characteristics and health metrics
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Table 2 shows unadjusted and adjusted difference
in FEV1 percent predicted between BLx and NHC by
F508del status, with significantly lower FEV1 percent pre-
dicted in F508del heterozygous patients in the BLx/NHC
group (p=-16.92, 95% CI=(-33.01, -0.82), p=0.040).
When adjusted for the potential confounding variables,
the association for patients with 1 copy of F508del still
trended toward significant (f=-15.57, 95% CI=(-32.31,
1.16), p=0.068) but the results remained non-significant
for the other two subgroups (without F508 mutation:
B=-9.65, 95% CI=(-27.15, 7.84), p=0.273; with 2 cop-
ies of F508 mutation: f=-0.67, 95% CI=(-17.43, 16.08),
p=0.937).

Discussion

Disease severity in CF is a result of complex relation-
ships among multiple factors along a patient’s lifespan.
Our study finds that minorities with CF have signifi-
cantly lower FEV1 percent predicted than non-minor-
ity patients, even when controlled for factors that are
known to affect health outcomes in CF. Others have
reported that lung function for Hispanic individuals
with CF is lower starting at a very young age, though
rate of decline in FEV1 is not different, suggesting that
factors early in life may drive this trend [11]. In our

Non-Hispanic Caucasian Black/LatinX (n=39) p
(n=223)
Female (n, %) 125 (56.1%) 7 (43.6%) 0.149
Mean current age *(standard deviation SD) 35.9(13.3)) .1(9.3) 0.087
Mean age at diagnosis, years * 9.56 (15.9) 1159 (15.8) 046
Mean sweat chloride * 929( 5) 904 (1.7) 0.87
Mean FEV1 L * 01 (7.08) 2.19L (1.07) 047
Mean FEVT (%) * 706 (22.5) 59.5(27.92) 0.010
Mean FVC L * 3.68 (1.13) 3.15(1.19) 0.008
Mean FVC (% predicted) * 84.17 (18.46) 73.00 (24.69) 0.002
FEV1/FVC* 0.77 (1.34) 0.67 (0.15) 0.65
Mean BMI * 23.02 (4. 09) 2244 (4.20) 0.446
Diabetes (n, %) 56 (25 4(35.9) 0.160
Pseudomonas aeruginosa (n, %) 138 (62) 25 (64) 0.67
Mean no. encounters 4.64(0.17) 4(0.38) 0.96
Mean no. Intravenous antibiotic (IV) courses * 0.68 (0.07) 0.74 (0.22) 0.67
Hospitalizations * 0.27 (0.05) 0.86 (0.15) 0.14
Days treated with IV antibiotics * 11.5(1.3) 1223 (3.9) 0.92
Median income * 102,494 (36,060) 68,485 (33,159) <0.001
Medicaid (n, %) 8(8.7%) 7 (45.9%) <0.001
Medicaid/Medicare (n, %) 39 (17.5%) 9 (48.7%) <0.001
Treated with modulators (n, %) in 2019 6 (52%) 3(38%) 0.78
Eligible for elexacaftor/tezacaftor/ivacaftor 70 (76%) 24 (62%) 0.87

" Standard deviation
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Table 2 Unadjusted and adjusted FEV1 percent predicted by genotype. #

N,% * (BLx, NHC)

Delta FEV1 percent predicted p
unadjusted (Cl)**

Delta FEV1 percent predicted p

9 (23%), 97 (43%)
13 (38%), 59 (28%)
13 (38%), 49 (24%)

Heterozygous F508
Homozygous F508
No F508 mutation

— 1692 (—33.01,-0.82)
—4.60 (—18.77,9.55)
—11.70(=27.21,3.82)

adjusted (Cl)
0.040 — 1557 (—32.31,1.16) 0.068
0.520 —067(—17.42,16.08) 0.937
0.137 —9.65(—25.15,7.84) 0.273

" Missing data in 22 patients
** Reflects difference in FEV1 percent predicted of BLx group compared with NHC

# patients’ gender, age, age at diagnosis, presence of diabetes, median household income based on zip code of residence, and insurance type (private/Medicare vs.

public (Medicaid)) were included in the model to adjust for potential confounding

patient cohort, this reduced pulmonary function is
present despite the fact that minority patients are diag-
nosed at a similar age as non-minorities, with similar
rates of diabetes mellitus and Pseudomonas infection,
two prognostic indicators in CF. Approximately half
of patients were diagnosed before age 2 years; most of
the reported cohort consists of patients diagnosed after
universal implementation of newborn screening for CF.
Access to medical care appears to be similar as meas-
ured by the number of out-patient visits to the special-
ized CF clinic, number of hospitalizations, and number
of courses of intravenous antibiotics over the year.

We did find that indicators of low socioeconomic
status, including low median income by zip code and
state insurance are significantly more prevalent in the
BLx population than in the NHC population cared for
at our clinic. Low SES is associated with worse disease
outcomes for CF [8, 12]. When controlled for federal
(Medicaid alone as well as Medicaid/Medicare com-
bined) vs. private insurance and median household
income, minority status still trended toward signifi-
cantly lower lung function, suggesting that these soci-
oeconomic factors are at least partly responsible for
worse outcomes in BLx patients. Primary CF genotype
does not appear to be the main cause of these dispari-
ties and in fact, our study shows a higher prevalence of
F508del homozygous (associated with more severe dis-
ease in general CF population) in BLx compared with
NHC, similar to what has been reported previously
[13]. Our study findings, focused on patients receiving
care in New York City, are similar to those that have
been previously published in some other regions of
the US [10-12]. It appears that as of yet undefined and
unmeasured social and cultural factors, possibly includ-
ing implicit bias, play a role in health disparities in CF.
These considerations are important when considering
interventions to improve the course of this nearly uni-
versally fatal disease. This is further highlighted by the
recent introduction of CFTR modulator therapy with
potential to prolong life.

A limitation of our study is that cross sectional analysis
does not take into account factors that are present early
in life that may impact disease trajectory. We combined
Black and Hispanic patients in the category of minority
even though these are distinct populations. Also we were
not able to analyze adherence to standard CF therapies
which could influence lung function. Modulator use was
similar between the two groups. Highly effective modula-
tor therapy (HEMT) for the majority of patients with CF
was approved in October 2019 and likely does not impact
our findings since use did not begin for most patients
until very late 2019. Eligibility for recently approved
HEMT is similar in both groups in our study.

Although there was no difference in number of visits to
the CF clinic, there may be contributing individual fac-
tors such as adherence to treatment regimens, self-man-
agement culture, health literacy and English proficiency
that affect outcomes. This datum confirms the impor-
tance of design of culturally appropriate preventative
and management strategies to better understand how to
direct interventions to this vulnerable CF population.

Acknowledgements
Not applicable.

Authors’ contributions

ED conceived of the study, participated in its design and coordination,
analyzed the data and drafted the manuscript; KS and EM obtained the data
and performed initial analysis; CK participated in data analysis and drafting of
the manuscript; WF and CL performed statistical analysis. All authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
Please contact author for data requests.

Declarations

Ethics approval and consent to participate
The study was approved by the Columbia University Institutional Review
Board; protocol number AAAS1576.

Consent for publication
Not applicable.



DiMango et al. Orphanet J Rare Dis (2021) 16:332

Competing interests
The authors declare that they have no competing interests.

Author details

! Columbia University Irving Medical Center, 622 West 168th Street, New York,
NY 10032, USA. *Columbia University Mailman School of Public Health, 722
West 168th Street, New York, NY 10032, USA.

Received: 24 April 2021 Accepted: 19 July 2021
Published online: 31 July 2021

References

1. Zvereff VWV, Faruki H, Edwards M, Friedman KJ. Cystic fibrosis carrier screen-
ing in a North American population. Genet Med. 2014;16(7):539-46.
https://doi.org/10.1038/gim.2013.188.

2. C.RFEPR Report, 2019, Annual Data Report; Bethesda, Maryland, 2019.

3. Kerem E, Reisman J, Corey M, Canny GJ, Levison H. Prediction of mortal-
ity in patients with cystic fibrosis. N Engl J Med. 1992;326(18):1187-91.
https://doi.org/10.1056/NEJM199204303261804.

4. Sawicki GS, et al. Sustained Benefit from ivacaftor demonstrated by
combining clinical trial and cystic fibrosis patient registry data. Am J
Respir Crit Care Med. 2015;192(7):836-42. https://doi.org/10.1164/rccm.
201503-05780C.

5. Bessonova L, et al. Data from the US and UK cystic fibrosis registries
support disease modification by CFTR modulation with ivacaftor. Thorax.
2018;73(8):731-40. https://doi.org/10.1136/thoraxjnl-2017-210394.

6. Ennis S, Rios-Vargas M, Albert NG (2010) The Hispanic Population 2010.
2010 Census Brief. Washington, DC; Government Printing Office, 2011. 2010.

Page 5 of 5

7. CDC Prevention, "Social Determinants of Health, Healthy People 2020,"
http://www.cdc.gov/socialdterminants/index.htm.

8. O'Connor GT, et al. Median household income and mortality rate in cystic
fibrosis. Pediatrics. 2003;111(4 Pt 1):e333-9. https://doi.org/10.1542/peds.
111.4.e333.

9. RhoJ, Ahn C, Gao A, Keller A, Jain R. Evaluating outcomes disparities in
the hispanic cystic fibrosis population: a need for a national analysis.
Chest. 2016;150(3):751-3. https://doi.org/10.1016/j.chest.2016.06.041.

10. Rho J, Ahn C, Gao A, Sawicki GS, Keller A, Jain R. Disparities in mortality of
hispanic patients with cystic fibrosis in the United States. A national and
regional cohort study. Am J Respir Crit Care Med. 2018;198(8):1055-63.
https://doi.org/10.1164/rccm.201711-23570C.

11. Buu MC, Sanders LM, Mayo JA, Milla CE, Wise PH. Assessing differences
in mortality rates and risk factors between hispanic and non-hispanic
patients with cystic fibrosis in California. Chest. 2016;149(2):380-9.
https://doi.org/10.1378/chest.14-2189.

12. Schechter MS, Shelton BJ, Margolis PA, Fitzsimmons SC. The association
of socioeconomic status with outcomes in cystic fibrosis patients in the
United States. Am J Respir Crit Care Med. 2001;163(6):1331-7. https://doi.
org/10.1164/ajrccm.163.6.9912100.

13. McGarry ME, Williams WA 2nd, McColley SA. The demographics of
adverse outcomes in cystic fibrosis. Pediatr Pulmonol. 2019;54(Suppl
3):574-83. https://doi.org/10.1002/ppul. 24434,

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/gim.2013.188
https://doi.org/10.1056/NEJM199204303261804
https://doi.org/10.1164/rccm.201503-0578OC
https://doi.org/10.1164/rccm.201503-0578OC
https://doi.org/10.1136/thoraxjnl-2017-210394
http://www.cdc.gov/socialdterminants/index.htm
https://doi.org/10.1542/peds.111.4.e333
https://doi.org/10.1542/peds.111.4.e333
https://doi.org/10.1016/j.chest.2016.06.041
https://doi.org/10.1164/rccm.201711-2357OC
https://doi.org/10.1378/chest.14-2189
https://doi.org/10.1164/ajrccm.163.6.9912100
https://doi.org/10.1164/ajrccm.163.6.9912100
https://doi.org/10.1002/ppul.24434

	Health Disparities among adults cared for at an urban cystic fibrosis program
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


