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Summary

Rationale—Previous investigations of cystic fibrosis (CF) incidence in Massachusetts, Colorado,
and Minnesota (USA) yielded contradictory results, particularly regarding allele p.Phe508del; the
racial compositions of the cohorts were not reported.

Objectives—To clarify discrepancies in reported incidence with the ultimate goal of improving
screening and quality of care, we assessed CF incidence, stratified by race and mutations in cystic
fibrosis transmembrane conductance regulator (CFTR), in Wisconsin (USA) from 1994 to 2011.

Methods—Data on patients diagnosed with CF (N=283), CFTR genotypes, CF carriers, and birth
rate were collected. All data were categorized by racial background of the birth mother and the
incidence of CF births was accordingly adjusted. Spearman’s nonparametric rank correlation and
Fisher’s exact test were performed for continuous and categorical variables, respectively. Trends
over time were fitted with a cubic spline.

Results—We detected a trending increase in CF cases (range within all data 1.67-2.98 per
10,000 births per year), homozygous p.Phe508del cases (0.57-1.79 per 10,000), heterozygous
p.Phe508del cases (0.29-1.55 per 10,000), and cases lacking p. Phe508del (0-0.45 per 10,000).
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Both the number of cases lacking the p.Phe508del mutation per year and the number of cases
lacking p.Phe508del per 10,000 births significantly increased (P=0.05) from 1994 to 2011; the
increase in overall incidence was not significant. The number of carriers identified through
newborn screening significantly increased within the non-Hispanic Black (P=0.0.021) and
Hispanic (P=0.003) populations.

Conclusion—The racial composition of the CF cohort is changing in Wisconsin, possibly

influencing disease detection, care, and outcome.
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INTRODUCTION

Although cystic fibrosis (CF), caused by mutations in the gene encoding cystic fibrosis
transmembrane conductance regulator (CFTR), is the most common life-limiting autosomal
recessive disorder in the non-Hispanic White (NHW) population (1:3,500), it also seems to
be prevalent in other racial groups, including non-Hispanic Blacks (NHBs) (1:10-15,000)
and Hispanics (1:9,200-13,500).1-3 The Cystic Fibrosis Foundation estimates that there are
30,000 affected individuals in the USA, and that one in 29 people are carriers.# Early
diagnosis, enabled by newborn screening (NBS), and advances in medical care over the past
3 decades have helped improve both the quality and duration of life for CF patients,
increasing the median life expectancy for the total CF population in the USA (41.1 years in
2012).5-2 However, this measure does not consider race.

Improvements in life expectancy for NHWs with CF have not necessarily benefited
Hispanic or NHB patients.3 Hispanic populations do worse clinically with regard to forced
expiratory volume levels and early acquisition of Pseudomonas aeruginosa infection
compared to non-Hispanic populations.? NHB patients display worse nutritional status and
pulmonary function (forced expiratory volume and forced vital capacity) at diagnosis and
later in life compared to NHWSs.3 In addition to clinical heterogeneity, mutation frequencies
vary considerably among racial groups; much remains to be learned about CFTR allele
frequencies within minority populations.

To clarify discrepancies in reported incidence with the ultimate goal of improving screening
and quality of care, here we describe CF incidence stratified by CFTR mutation status and
race in Wisconsin over the last 17 years (1994-2011).10-12 NBS for CF using a combination
of immunoreactive trypsinogen (IRT; sweat testing is performed if elevated IRT levels
render the test necessary®) and DNA testing has been performed in Wisconsin since 1994, as
recommended by the American College of Medical Genetics and the American College of
Obstetricians and Gynecologists.13 Of the ~1,900 CFTR mutations identified to date,
p.PheF508del is the most common, with an overall frequency of 75-87% and frequencies of
72% and 31-44% in the NHW and NHB populations in the USA, respectively.2:6:14-17
Detection rates through NBS differ between minorities and NHWs18.19; a previous
retrospective study of ~3 million CF tests over an 80-year period reported a 77% detection
rate in the pan-ethnic population of the USA, 90% among NHWSs, 69% among Hispanics,
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and 63% among NHBs.20 In addition, the detection rate among Hispanic CFTR mutation
carriers is 57% versus 80-97% in NHWSs, whereas the Hispanic carrier frequency of 1:46 is
only modestly lower than that in NHWs (1:29).21:22

Several studies have evaluated the impact of NBS on CF, leading to a general consensus that
NBS has led to improved survival, better nutritional and thus cognitive outcomes, and has
the potential to improve pulmonary outcomes if early common infections are
prevented.23-26 The 27-year Wisconsin Randomized Control Trial of the CF Neonatal
Screening Project determined that the introduction of NBS for CF had minimal risks as well
as potential benefits on nutritional status and progression of lung disease.2’28 However, the
heterogeneity in mutations among racial populations has presented challenges in optimizing
sensitivity while encompassing minority populations in the NBS screening panels.

Longitudinal data from Massachusetts,10 Colorado,! and Minnesotal2 (USA) show
conflicting trends in their states’ incidence of CF and p.Phe508del identified through their
respective NBS programs. The number of NBS-identified cases of CF in Massachusetts
decreased between 2003 and 2006, as did the number of infants homozygous for
p.PheF508del.19 In contrast, there was no change in the number of infants diagnosed with
CF from 1983 to 2006 in Colorado, and no trend in the frequency of p.PheF508del over
time.11 In Minnesota, while the overall incidence of CF did not increase, the incidence of
homozygous p.PheF508del increased from 2006-2009.12 None of these studies reported the
racial composition within their cohort, which may underlie the disparity in their
observations. These conflicting data raise many questions regarding the epidemiology of CF,
specifically in terms of the effect of birth rates and racial diversity on CF incidence.

In order to address these questions, we evaluated the incidence of CF in Wisconsin from
1994 through 2011, as reported by the state’s NBS program, and compared these race-
related data to previously reported incidence studies. We determined the number of infants
carrying the homozygous p.PheF508del genotype and other CFTR mutations and
investigated whether this incidence has changed over time, which could impact diagnosis
and prognosis in minority populations.

METHODS

This retrospective study encompassed the start of Wisconsin’s CF NBS program (July 1994)
through December 2011 (Fig. 1). This study was reviewed and granted exempt status by the
Children’s Hospital of Wisconsin Institutional Review Board.

Population Data

Annual Wisconsin birth, birth rate, and racial data (E-Table 1) were obtained from the
Wisconsin Department of Health Services data query system.2° In 1994, there were 68,267
births, but this number was divided in half to calculate CF incidence for the year (NBS was
started in July of that year). This calculation assumed that racial composition remained the
same throughout the year.
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Data for this study were obtained through the NBS laboratory at the Wisconsin State
Laboratory of Hygiene, the Wisconsin Department of Health Services, and the Milwaukee
Cystic Fibrosis Center at the Children’s Hospital of Wisconsin in Milwaukee, Wisconsin,
USA. Our current retrospective cohort study reviewed population-level CF NBS data,
individual CF mutations, and state birth rates. The number of patients diagnosed with CF,
their genotypes, and the number of CF carriers were collected by the Wisconsin NBS
Program from 1994 onward. Individual demographics, including year of birth, sex, self-
identified race, genotype, and IRT/sweat chloride levels, were available from the NBS
Laboratory at the Wisconsin State Laboratory of Hygiene for 1994 through 2011.

CFTR Genotyping

CFTR genotyping was performed at the time of diagnosis or when available if the subject
was diagnosed prior to the availability of genetic testing. Patients identified via NBS were
evaluated by the Wisconsin NBS Laboratory for the recommended American College of
Medical Genetics panel of 23 CFTR mutations.2! Additional genetic testing was carried out
for patients with zero or one identified mutations, including expanded mutation panel testing
(Genzyme Genetics, Cambridge, MA), modified temporal temperature gradient
electrophoresis of CFTR (Ambry Genetics, Aliso Viejo, CA), and multiplex ligation-
dependent probe amplification for deletions and duplications (Ambry Genetics).

NBS in Wisconsin

NBS for CF has been performed as a routine clinical service in Wisconsin since 1994, with
DNA testing carried out for infants in the top 4% of daily IRT results.> The DNA mutation
panel consisted of p.Phe508del from 1994-2002; since 2002, Wisconsin has used the
recommended American College of Medical Genetics panel of 23 CFTR mutations to detect
the most common mutations associated with CF in the NHW population.3® A longitudinal
analysis of the sensitivity of the IRT/DNA algorithm found that it continues to be 97%
sensitive.30 Individuals with one or two CFTR mutations then underwent sweat chloride
testing, with sweat chloride levels =60 mmol/L considered diagnostic of CF. Subjects with
intermediate sweat chloride levels (30—60 mmol/L) had their sweat tests repeated. From
1994 through 2011, all infants were screened for CF, with 283 infants meeting diagnostic
criteria (Fig. 1). DNA analysis of CFTR mutations was carried out on samples with elevated
IRT values from these individuals. When two sweat chloride sample values were reported,
the larger value was used in the current analysis. Individual data points were excluded when
incomplete or missing. Individuals diagnosed with CF but with only one identified CFTR
mutation were included in the analysis only when the Wisconsin NBS Laboratory verified
the data and that diagnostic criteria had been met through elevated sweat chloride levels.20

Statistical Analyses

All data were categorized according to the self-reported racial background of the birth
mother: NHW, NHB, Hispanic, or Other. The “Other” category captured participants who
did not identify as NHW, NHB, or Hispanic. The incidence of CF births was then adjusted
for racial background. Estimates of period prevalence were calculated as the number of
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events for a racial group divided by the size of the Wisconsin population self-reporting as
that race or by the number of total births in Wisconsin (E-Table 1), then multiplied by
10,000. In general, missing or incomplete data points were excluded from analysis.
However, we did examine prevalence trends for cases lacking self-reported race data.

Spearman’s nonparametric rank correlation coefficient (p) was calculated for correlations of
continuous variables and Fisher’s exact test was performed to test categorical variables.
Trends over time were fitted with a cubic spline. Statistical analyses were carried out with
SPlus version 8.2 (TIBCO Software, Palo Alto, CA) and SPSS version 21 (IBM Software,
Chicago, IL). Unadjusted P-values <0.05 were reported as significant; actual values are also
reported.

RESULTS

As depicted in Figure 2a and Table 1, Wisconsin’s birthrate linearly and significantly
declined from 1994 to 2011 (13.4-12.0 per 1,000 births per year; P=0.001), yet the state’s
overall population continued to increase during this interval (P < 0.001). Children born to
NHW mothers in Wisconsin were associated with a trending decrease from 82.7% of total
births in 1994 to 74.4% in 2010 (P < 0.001). The percentage of children born to NHB
mothers did not significantly change (9.9% of total births in 1994 and 10.0% in 2010;
P=0.29). In contrast, children born to Hispanic mothers increased from 3.5% of total births
in 1994 to 9.6% of total births in 2010 (P < 0.001).

A total of 1,212,010 newborns were screened for CF through Wisconsin NBS from July
1994 to December 2011 (E-Table 1), resulting in 283 meeting the diagnostic criteria for CF
(Table 1). The annual Wisconsin CF incidence for all CF cases ranged from 1.67 to 2.98
cases per 10,000 births per year, with a median of 2.23 cases per 10,000 births per year. The
incidence of total CF cases was relatively stable until 2005, dipped until 2008, then
increased (Fig. 2a).

The incidence of homozygous p.Phe508del, heterozygous p.Phe508del, and cases whose
mutations did not include p.Phe508del (“non-p.Phe508del”) followed a similar pattern to the
overall cases, with an upswing in the last 4-5 years (Fig. 2a, Table 1). Homozygous
p.Phe508del incidence ranged from 0.57 to 1.79 cases per 10,000 births per year, with a
median of 0.88. Heterozygous p.Phe508del incidence ranged from 0.29 to 1.55 cases per
10,000 births per year, with a median of 0.88. The incidence of mutations not including
p.Phe508del ranged from 0 to 0.45 cases per 10,000 births per year with a median of 0.
p.Phe508del was the most common mutation (78%) within this dataset, with 42% of all
characterized CFTR mutations being homozygous p.Phe508del, a frequency that varied by
year (from 25% to 67%).

Eighty-seven percent of the identified CF patients were self-reported NHW, 4% NHB, <1%
Hispanic, and 2% Other (Fig. 2b, Table 2). NHWs made up the highest percentage of
affected individuals each year, with incidences of 1.48-2.61 cases per 10,000 births per
year. The incidence of CF in Wisconsin’s NHW and NHB populations trended upward from
1994-2011; there were too few Other (N=5) and Hispanic (N=1) CF cases to establish
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trends for these racial groups. However, the incidence trend for cases lacking self-reported
race data did not substantially differ from the trend for NHB, Hispanic, and Other (Fig. 2b).

Mutations differed among racial groups in our cohort (Table 3; mutations with no protein
name available are instead listed by their variant legacy name31). The most common
identified mutations were p.Phe508del (51%), p.Gly542X (5%), 3849+10KbC>T (4%),
p.Argl17His (3%), 2789+5G>A (2%), 3120+1G>A (2%), and p.Arg553X (2%). From 1994
to 2011, p.Phe508del was the most common mutation overall and within each race,
accounting for 62.7% of alleles. Forty-two percent of the CF patients were homozygous
p.Phe508del; three patients (3%) were NHB, one Hispanic (<1%), one other (<1%), and the
remaining NHW (96%). Seven patients were homozygous p.Phe508del. three mutations
(1679+1634A>G, p.Ala559Thr, and p.Ser466X) were unique to the NHB CF population and
three mutations to the Other population (p.Glu831X, 1812-1G>A, and c.

4259 _4263delTGGAT) (Table 3). Fifty patients had only one CFTR mutation detected
(Table 1).

The number of infant carriers identified by NBS decreased from 2003 to 2010 among
Wisconsin’s total population, although this decrease was not significant (data not shown).
From 1999 to 2011, the incidence of CF cases increased, as did the incidences within all
mutation subsets, in Wisconsin. In the last 4 years (2007-2011) there was a marked increase
in all CF cases and mutation subsets, except heterozygous p.Phe508del (Fig. 2a). The
number of CF carriers identified through NBS declined significantly within the NHB
(P=0.021) and Hispanic (P=0.003) populations.

DISCUSSION

This study provides the first detailed incidence data for CF in Wisconsin for 17 years; this
large sample enabled stratification by race and CFTR mutation status. Three recent estimates
of longitudinal incidence were reported for Massachusetts,10 Colorado,! and Minnesotal?
(USA), with non-congruent results. None of these studies reported the racial composition
within their cohort, which may underlie the disparity in their observations.

The population-level data analyzed in the current investigation suggest that the CF incidence
increased in Wisconsin in 1994-2011 (Fig. 2a). Our findings agree with those of the
Minnesotal2 NBS study and conflict with the reports from Massachusettsl? and Colorado.!!
Minnesota only reported an increase in homozygous p.Phe508del,12 while we found an
increasing trend in all CF cases and within each mutation subset from 1994-2011 in
Wisconsin, with a significant increase in the non-p.Phe508del cases (Table 1). Our results
oppose both the absence of significant longitudinal changes in CF incidence in Colorado®!
and the decrease in CF incidence in Massachusetts.10 These trends highlight the need to not
only better understand CF within minority populations, but also to improve the identification
and care of CF patients within the growing minority populations.32 A study from California,
which is home to a large Hispanic population, predicted that 33% of all new CF cases will
be Hispanic and 2% will be NHB.33 Further investigation into racial and mutation profiles
on a state or regional basis would provide insight into such trends.
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The causative factors underlying the observed change in CF incidence in Wisconsin are not
obvious. By controlling for changes in birth rate and the racial makeup of Wisconsin’s
population, we determined that these factors did not significantly affect CF incidence (Table
1). Likewise, net migration in Wisconsin is not likely to have a large impact on these trends,
as the 2005-2010 mover rate was the lowest in United States Census history.34

Prenatal screening and subsequent education may influence the parental mindset regarding
having a child with CF, leading to pregnancy termination or choosing to have no further
children after the birth of the initial CF child. A longitudinal study assessing NBS in ltaly
reported a significant correlation in the number of screened carriers and the observed
decrease in CF birth incidence.3® This significant decrease was observed only when CF
carrier testing was offered to the general public versus a subset of the population, such as
relatives of patients using in vitro fertilization.3® In addition, increasing awareness of CF in
the general public coupled with increased prenatal counseling may influence CF incidence.

We suspect that factors such as access to prenatal screening and reproductive technologies,
which varies among socio—economic classes and geographic regions, impact CF incidence.
Both variation in CF incidence by geographical region and use of prenatal screening have
been noted previously. The Wisconsin Cystic Fibrosis Neonatal Screening Project found that
prenatal diagnosis was employed by 26% of families with a CF child for subsequent
pregnancies.38 In contrast, a prenatal study from New England reported that 77% of families
at risk for having another CF child had had or were considering prenatal counseling.3” In
keeping with recommendations from the American College of Obstetricians and
Gynecologists, Wisconsin obstetricians have routinely offered prenatal CFTR screening to
pregnant women since 2005. In a national survey of practice patterns among obstetrician-
gynecologists regarding prenatal screening for CF, 13% offered screening to all prenatal
patients and 68% offered screening only if the patient requested it, if a positive family
history for CF was present, or if a patient/significant other was in a high-risk racial group.38

While there is an increasing awareness that disease varies between racial groups, not only in
its genetic bases but also in clinical course, prognosis, and outcomes, access to care,
language barriers, delayed diagnosis, inconsistent follow-up, historical provider mindset of
CF as a “Caucasian disease,” and other unknown factors also impact disease in a race-
dependent fashion. Our findings suggest that the racial composition of the CF cohort is
changing in Wisconsin, possibly influencing CF detection, care, and outcome.

In summary, despite a decrease in the NHW birthrate, we detected an increase in NHW CF
incidence in Wisconsin from 1994 to 2011. Although there was no change in NHB
birthrates, we detected an increase in NHB CF incidence. In contrast, there was an
increasing trend in Hispanic birthrates and only one Hispanic CF patient. These findings
suggest that Wisconsin population birth rates are not causative factors in the increase in
overall CF incidence. Understanding CF complexity by state is complicated by the changes
in race demographics over time in each state and in the USA as a whole; additionally, the
number of CF cases identified in minority populations via NBS varies according to each
state’s screening protocols, IRT methodology, and cut-off values. These trends highlight the
need to not only better understand CF within minority populations nationally and
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worldwide, but also to improve the identification and clinical care of CF patients within
growing minority populations.32

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Description of cohort included in analyses. Data acquisition cutoff points were set as July
1994 and December 2011. Subjects with missing or incomplete data (N=20) were excluded

from analysis.

Birthrate data compared with population birthrate
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Fig. 2.

(A?) Trends in Wisconsin CF incidence. Breakdown of incidence of CF cases in Wisconsin.
Trend lines (black for all CF, gray for homozygous p.Phe508del, dashed black for
heterozygous p. Phe508del, and gray dashed for mutations that did not include p.Phe508del)
were fit with a cubic spline. (B) Incidence of CF cases stratified by self-reported race. Trend
lines were fit with a cubic spline. Note that the incidence rates for cases lacking self-
reported race data “missing data” (dash-dot line; Methods) did not substantially differ from
the rate for NHB, Hispanic, and Other (dashed line). NHW, solid line.
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TABLE 2

Demographics of Wisconsin CF Patients (N = 283) Stratified by Self-Reported Race

Mutation Gender
Total Homozygous Heterozygous
Race Total N p.Phe508del  p.Phe508del p.Phe508del  Other/other  Only one mutation Male Female Missing
NHW, N (%) 247 (87) 313 (64) 106 (43) 89 (36) 8(3) 44 (18) 118 (48) 125(51)  4(1)
NHB, N (%) 10 (4) 12 (63) 3(30) 5 (50) 1(10) 1(10) 3(30) 7 (70) -
Hispanic, N (%) 1 (<1) 2 (100) 1 (100) - - - 1 (100) - -
Other, N (%) 5(2) 5 (56) 1(20) 2 (40) 1(20) 1(20) 2 (40) 3(60) -
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Mutations by Year for Minority Patients

Race Year  Mutation 1 Mutation 2
NHB 1994  p.Phe508del p.Tyr1092x
2001  p.Phe508del -
2003  p.Phe508del p.Phe508del
2004  p.Phe508del 3849+10KbC>T
2005  p.Phe508del p.Phe508del
2009  p.Phe508del p.Ser466X
2010  p.Phe508del p.Ala559Thr
2011  p.Phe508del 3120+1G>A
2011  p.Phe508del p.Phe508del
2011  p.Gly551Asp 1679+1634 A>G
Hispanic 2000  p.Phe508del p.Phe508del
Other 1996  p.Phe508del -
1998  p.Phe508del p.Phe508del
2003  p.Phe508del p.Glud31X
2005 p.Gly542X 1812-1G>A
2006  p.Phe508del  c.4259_4263delTGGAT
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