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INHERITED LUNG DISEASES

Background: Influenza vaccination is recommended for all persons with cystic fibrosis (CF).
Despite this recommendation, no study has been performed to determine factors associated with
receipt of influenza vaccination among persons with CF.

Methods: We conducted a 2-year cohort study from 2006 through 2007 using the CF Foundation
(CFF) Patient Registry to assess predictors of influenza vaccination with logistical regression
modeling.

Results: In 2006, the cohort consisted of 16,435 persons with vaccination data seen at CFF care
centers. Vaccination rates were high for children aged <5 years (90.5%), children 5 to <18 years
(91.1%), and adults (87.9%). In 2006, decreased odds of vaccination were seen among adults with
other or unknown insurance (0.37; 95% CI, 0.15-0.87). Among children 5 to <18 years and adults,
decreased odds of vaccination were seen among Hispanics (children, 0.74; 95% CI, 0.55-0.98;
adults, 0.67; 95% CI, 0.46-0.98) and with use of oxygen therapy (children, 0.55; 95% CI, 0.38-0.78;
adults, 0.68; 95% CI, 0.55-0.86), whereas four or more clinic visits annually was associated with
increased odds of vaccination (children, 2.33; 95% CI, 1.92-2.84; adults, 2.05; 95% CI, 1.71-2.47).
Findings associated with decreased vaccine receipt remained significant in sensitivity analyses
that assumed missing vaccination data were vaccine positive.

Conclusions: Overall influenza vaccination rates are very high in the US CF population. Knowl-
edge of influenza vaccination predictors among persons with CF may aid clinicians in targeting
patients at greater risk for influenza infection. These data may have important implications for
the evolving pandemic 2009 influenza A(HIN1). CHEST 2010; 138(6):1448-1455

Abbreviations: aOR = adjusted odds ratio; CF = cystic fibrosis; CFF = Cystic Fibrosis Foundation; CF Registry = Cystic
Fibrosis Foundation Patient Registry

decreases in spirometric parameters.2 Influenza infec-
tion may contribute substantially to CF morbidity
because the influenza virus has been identified dur-
ing CF pulmonary exacerbations,*? and there is an
8% increase in CF pulmonary exacerbation incidence
during influenza seasons.®

There are many reasons why at-risk individuals
do not receive the annual influenza vaccination.

Cystic fibrosis (CF) is the most common inherited
fatal disease in the United States.! Exacerbations
of CF pulmonary disease are common and character-
ized by cough, sputum production, dyspnea, and
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In non-CF populations, vaccination disparities have
been identified by race and ethnicity,° socioeco-
nomic status,5!! age group,'? health insurance status,*'>
employment status,'” utilization of health care,® and
smoking status.'6 We collaborated with the CF Founda-
tion (CFF) to analyze data from the CFF Patient Reg-
istry (CF Registry) to better understand who receives
and who does not receive the influenza vaccination.

MATERIALS AND METHODS

Study Population

This cohort study of patients was followed in the CF Registry
from January 1, 2006, to December 31, 2007. A description of the
CF Registry is published in an annual report by the CFF.! Patient
data, including demographic and clinical information, are recorded
at each clinic visit, during outpatient antibiotic therapy, during
hospitalizations, and at year-end reviews. The CF Registry began
recording influenza vaccination in 2006.

We analyzed all patients in the CF Registry eligible to receive
the influenza vaccine. The outcome of interest was influenza vac-
cination. Patients aged <6 months were excluded because influ-
enza vaccination is not approved for this age group.'? Additionally,
patients were excluded from the primary analysis during the year
that they did not have influenza vaccine receipt or nonreceipt
documented. However, patients with missing vaccine data were
included in subsequent sensitivity analyses. The reason for vac-
cine nonreceipt (including refusal) is not recorded. Furthermore,
verification of vaccine receipt was not possible because the data in
the CF Registry are anonymous.

Study Design and Procedure

Potential demographic and clinical factors associated with
influenza vaccination were determined a priori after a review of
vaccine disparity and the CF literature. Continuous data were
converted to categorical data at cut-points that were determined
a priori and were of clinical significance.

Potential demographic factors associated with vaccination
included age, sex, and race/ethnicity. Two additional variables,
insurance type and median income by patient zip code, were used
as indicators of socioeconomic status. Insurance included four
categories: private or health maintenance organization, public,
no insurance, and other. Median income during the year 2000
for the zip code in which the patient lived was categorized by
quartile.

Potential clinical variables associated with vaccination included
presence of pancreatic insufficiency, any use of oxygen therapy,
evidence of infection by Pseudomonas aeruginosa, and evidence
of infection by Burkholderia cepacia. Lung function was catego-
rized by whether CFF goals of FEV, =70% predicted had been
achieved.! Clinic visit data were converted into dichotomous vari-
ables according to whether CFF visit goals of four or more clinic
visits annually were achieved.! CF center volume where subjects
received the majority of their regular care was categorized by
quartile of number of patients with CF (in 2006, these were <43,
43-67, 68-146, and >146). Finally, a dichotomous measure of
nutritional status was based on CFF body mass goals and defined
the body mass goal variable.! The body mass goal is an aggregate
of height-weight metrics that differ by age group. For children
aged <2 years, the body mass goal is >5% of the height-weight
percentile as determined by Centers for Disease Control and
Prevention growth charts.!” For patients aged 2 to 19 years, the
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body mass goal is BMI =50th percentile for age.!s For patients
aged =20 years, the body mass goal was BMI =23 kg/m? for men
and =22 kg/m? for women.!

Statistical Analysis

The a priori statistical plan was to stratify analyses by adults
(aged = 18 years) and children (aged < 18 years) because children
transition to adult CF centers at age 18. In exploratory data analy-
ses, the relationship between influenza vaccine receipt and age
differed substantially within three age groups: children <5 years,
children 5 years to <18 years, and adults =18 years (groups
subsequently called young children, older children, and adults,
respectively). To account for potential confounding by age group,
we stratified analyses by these three categories.

The annual percentage of persons receiving influenza vaccina-
tion was determined for the overall CF Registry and by demo-
graphic and clinical categories. Crude, annual clinical, and
demographic factors associated with influenza vaccination were
determined by x? and Fisher exact tests comparing the ORs of
vaccine receipt among categories. Multivariate logistic regression
with robust standard errors adjusted the ORs for the effect of
other potential predictors of vaccine receipt. Two regression anal-
yses were performed in this primary analysis. The first model
included only demographic covariates as independent variables
and influenza vaccination as the dependent variable. The second
model included all demographic and clinical covariates as indepen-
dent variables and influenza vaccination as the dependent variable.
Age- and year-specific strata were assessed using the Wald sta-
tistic. The addition of clinical covariates (second regression model)
did not improve model fit in young children but did improve
model fit in older children and adults. Next, clinically relevant
interactions were decided a priori to their statistical assessment in
the model. Sex was found to modify the effect of age on vaccine
receipt for adults, so a covariate for this interaction as well as for
age as a continuous variable were included in the multivariate
model for this age group.

Two sensitivity analyses were performed. First, we investigated
whether any factors were associated with missing vaccination
data. In this multivariate analysis, the dependent variable was a
dichotomous variable describing whether vaccination documenta-
tion was present, and the independent variables were the same
demographic and clinical covariates as in the primary analysis.
Second, the effect that missing influenza vaccination data may
have on factors associated with decreased vaccine receipt was
evaluated. We made the conservative assumption that all missing
influenza vaccine data were vaccine positive, and the multivariate
analyses were repeated. Factors associated with decreased vac-
cine receipt from the primary analysis that remained statistically
significant after this sensitivity analysis were considered robust
findings and unaffected by missing observations.

All statistical tests were two sided, and P < .05 was considered
statistically significant. Missing data were excluded from analyses
except for influenza vaccine receipt in the sensitivity analysis as
described. All analyses were performed with statistical software
Stata, version 10.1 (StataCorp; College Station, TX) was used for
analyses. The institutional review board at the University of Wash-
ington approved this study.

RESULTS

Baseline Characteristics

In 2006, there were 24,114 patients in the CF
Registry eligible for influenza vaccination (ie, aged
>6 months). Vaccine receipt or nonreceipt was
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documented in 2,184 (75.7%) of 2,884 young children,
7,565 (72.4%) of 10,444 older children, and 6,686
(62.0%) of 10,786 adults. Among those with documented
vaccine receipt or nonreceipt, influenza vaccination
rates were 90.5% among young children, 91.1% among
older children, and 87.9% among adults (Table 1).
Vaccination rates between male and female sex
were similar among young children (90.7% and 90.4%,
respectively), older children (91.2% and 91.0%, respec-
tively), and adults (87.7% and 88.2%, respectively).
Among race/ethnicity groups, the lowest vaccination
rate was for black race among young children (85.4%),
Hispanic ethnicity among older children (87.7%),
and other race/ethnicity among adults (83.1%).
Among insurance types, the no insurance category
had the lowest vaccination rate among young chil-
dren and older children (50.0% and 51.1%, respec-
tively), whereas other or unknown insurance had the

lowest vaccination rate among adults (54.0%). Among
young children, older children, and adults, the clini-
cal factor associated with the lowest vaccination rate
was the use of oxygen therapy (87.3%, 83.2%, and
82.2%, respectively), whereas the factor associated
with the highest vaccination rate was four of more
clinic visits per year (91.8%, 92.9%, and 91.1%,
respectively). Overall and subgroup influenza vacci-
nation rates for 2007 were similar.

Multivariate Analysis

Multivariate analyses were performed by age
group and study year. Results represent significant
findings from 2006 that were replicated in analyses
of 2007 data.

Demographic factors associated with vaccine receipt
differed by age group in 2006. Among young children,

Table 1—Baseline Description and Univariate Analysis of Predictors of Influenza Vaccination by Age Group, Cystic
Fibrosis Foundation Patient Registry, 2006

Vaccine Receipt by Age*

<5y(n=2,184)

5to <18y (n=7,565) =18y (n=06,686)

Variable % OR (95% CI) % OR (95% CI) % OR (95% CI)
Overall 90.5 N/A 91.1 N/A 87.9 N/A
Demographic data
Sex
Female 90.4 Referent 91.0 Referent 88.2 Referent
Male 90.7 1.04 (0.78-1.39) 91.2 1.02 (0.87-1.20) 87.7 1.03 (0.85-1.25)
Race/ethnicity
White, non-Hispanic 91.1 Referent 91.4 Referent 88.3 Referent
Black, non-Hispanic 85.4 0.63 (0.38-1.03) 92.1 1.10 (0.77-1.59) 84.8 0.71 (0.57-1.55)
Hispanic 88.5 0.75 (0.49-1.15) 87.7 0.67 (0.53-0.85) 83.3 0.66 (0.45-0.97)
Other 88.7 0.76 (0.32-2.22) 92.5 1.15 (0.53-2.96) 83.1 0.65 (0.33-1.33)
Insurance status
Private/HMO 93.4 Referent 93.5 Referent 90.8 Referent
Public 88.2 0.53 (0.39-0.72) 89.2 0.60 (0.51-0.70) 85.6 0.60 (0.51-0.70)
Other/unknown 93.3 0.99 (0.15-42.67) 87.5 0.12 (0.08-0.17) 54.0 0.12 (0.08-0.17)
No insurance 50.0 0.07 (0.01-0.40) 51.1 0.38 (0.22-0.67) 79.2 0.38 (0.22-0.67)
Mean zip code income
Lower quartile 86.9 Referent 89.1 Referent 86.2 Referent
Second quartﬂe 89.9 0.15 (1.11-2.15) 91.1 1.23 (0.94-1.53) 87.4 1.23 (0.94-1.53)
Third quartile 93.7 2.24 (1.46-3.43) 92.4 1.30 (0.99-1.62) 89.1 1.30 (0.99-1.62)
Upper quartile 92.7 1.93 (1.26-2.95) 93.0 1.38 (0.86-1.42) 89.6 1.38 (0.86-1.42)
CF center volume
Lower quartile 91.3 Referent 92.0 Referent 89.2 Referent
Second quartile 93.3 1.33 (0.85-2.07) 94.4 1.48 (1.14-1.91) 86.0 0.75 (0.61-0.92)
Third quartile 90.5 0.91 (0.60-1.37) 91.9 0.99 (0.78-1.25) 87.2 0.83 (0.67-1.03)
Upper quartile 87.0 0.64 (0.43-0.94) 86.4 0.56 (0.45-0.69) 89.4 1.02 (0.82-1.29)
Clinical data
=4 clinic visits/y 91.8 1.8 (1.32-2.46) 92.9 2.20 (1.86-2.59) 91.1 2.24 (1.72-2.49)
FEV, >70% predicted“ 91.9 1.50 (1.21-1.84) 90.3 1.27 (1.08-1.49)
Pancreatic insufﬁciency 90.8 1.30 (0.85-2.00) 91.2 1.19 (0.89-1.60) 88.0 1.07 (0.65-1.21)
Oxygen therapy in prior year 87.3 0.70 (0.33-1.74) 83.2 0.45 (0.35-0.60) 82.2 0.55 (0.54-0.85)
Body mass goal 90.2 0.79 (0.56-1.10) 92.0 1.18 (1.00-1.38) 90.5 1.39 (1.03-1.53)
Infected by Pseudomonas aeruginosa 90.4 0.94 (0.68-1.29) 91.9 1.12 (0.95-1.32) 88.6 0.87 (0.68-1.07)
Infected by Burkholderia cepacia 85.7 0.61 (0.07-28.09) 90.6 0.90 (0.53-1.67) 84.9 0.68 (0.41-0.87)

CF = cystic fibrosis; HMO = health maintenance organization; N/A = not applicable.
aIncludes only patients with documented influenza vaccine receipt or nonreceipt.

"No FEV, data are available for children aged <5y.
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having no insurance was associated with decreased
influenza vaccination (adjusted OR [aOR], 0.05;
95% CI, 0.01-0.28) (Table 2). In older children, His-
panic ethnicity (aOR, 0.74; 95%,CI, 0.55-0.98) and
the upper quartile of CF center patient volume
(aOR, 0.52; 95% CI, 0.40-0.67) were associated with
decreased receipt of vaccine. Among adults, five
demographic factors were associated with decreased
vaccine receipt: age in years (aOR, 1.02; 95% CI,
1.00-1.03), male sex (aOR, 1.81; 95% CI, 1.04-3.17),
Hispanic ethnicity (aOR, 0.67; 95% CI, 0.46-0.98),
having other or unknown insurance (aOR, 0.11;
95% CI, 0.07-0.18), and second quartile of CF cen-
ter patient volume (aOR, 0.73; 95% CI, 0.57-0.93).
These findings remained similar and significant in
2007 (e-Tables 1-3).

Clinical factors also were associated with vaccine
receipt in 2006. Patients who used oxygen therapy
had significantly decreased vaccine receipt among
older children (aOR, 0.55; 95% CI, 0.38-0.78) and
adults (aOR 0.68; 95% CI, 0.55-0.86) (Table 2).
Among adults only, an FEV, >70% predicted was
associated with vaccine receipt (aOR, 1.33; 95% CI,
1.09-1.63). Finally, the only clinical factor associated
with increased odds of vaccination was having four or
more clinic visits for older children (aOR, 2.33; 95% CI,
1.92-2.84) and adults (aOR, 2.05; 95% CI, 1.71-2.47).
These findings also remained similar and significant
in 2007 (e-Tables 1-3).

Sensitivity Analyses

A multivariate analysis was performed to deter-
mine whether documentation of influenza vaccina-

tion receipt and nonreceipt was randomly distributed
throughout the cohort. Patients with unknown or no
insurance were significantly more likely to be missing
vaccination data in each age group (Table 3). Con-
versely, Hispanic ethnicity, four or more clinic visits
annually, and use of oxygen were significantly less
likely to be missing vaccination data.

To explore the effect missing influenza vaccine
data had on the overall sensitivity of our primary
analysis, we undertook an additional analysis that
assumed that all observations with missing vaccine
data were influenza vaccine positive. Even when the
most conservative assumption is made, several fac-
tors associated with vaccine receipt in the primary
analysis remained significant. Among older children
in 2006, Hispanic ethnicity, public insurance, lack of
insurance, upper quartile of CF center patient vol-
ume, and use of oxygen therapy remained signifi-
cantly associated with influenza vaccination (Table 4).
All of the factors associated with decreased vaccine
receipt among adults in the primary analysis remained
significant in the sensitivity analysis, including His-
panic ethnicity, other or unknown insurance, second
quartile of CF center patient volume, and use of oxy-

gen therapy.

Di1scUsSsION

This study demonstrates that influenza vaccination
rates in patients with CF followed in the CF Registry
were very high in 2006 and 2007, the first 2 years
vaccination data were collected. CF care providers
should be commended for the high rates of influenza

Table 2—Multivariate Predictors of Influenza Vaccination by Age Group That Are Significant in Both 2006 and 2007,
Cystic Fibrosis Foundation Patient Registry®

2006 2007
\ \ \ \

Characteristic Referent aOR 95% CI aOR 95% CI
Children aged <5y

No insurance Private or HMO insurance 0.05 0.01-0.28 0.08 0.02-0.34
Children aged 5 to <18y

Hispanic ethnicity White, non-Hispanic ethnicity 0.74 0.55-0.98 0.50 0.37-0.67

CF center volume upper quartile CF center volume lower quartile 0.52 0.40-0.67 0.64 0.47-0.88

=4 clinic visits/y <4 clinic visits/y 2.33 1.92-2.84 2.35 1.89-2.92

Oxygen therapy in prior year No oxygen therapy in prior year 0.55 0.38-0.78 0.55 0.38-0.81
Adults aged =18 y

Age (each year > 18) Age 18 1.02 1.000-1.03 1.01 1.00b-1.03

Hispanic ethnicity White, non-Hispanic ethnicity 0.67 0.46-0.98 0.42 0.30-0.60

Other or unknown insurance Private or HMO insurance 0.11 0.07-0.18 0.37 0.15-0.87

CF center volume second quartile CF center volume lower quartile 0.73 0.57-0.93 0.61 0.48-0.79

=4 clinic visits/y <4 clinic visits/y 2.05 1.71-2.47 2.06 1.70-2.49

FEV, >70% predicted FEV, =70% predicted 1.33 1.09-1.63 1.28 1.04-1.59

Oxygen therapy in prior year No oxygen therapy in prior year 0.68 0.55-0.86 0.66 0.52-0.82

aOR = adjusted odds ratio. See Table 1 legend for expansion of abbreviations.
“The entire list of demographic and clinical predictors with aORs and 95% CIs can be found in e-Tables 1- 3.

"Lower end of CI is >1.00 but presented as 1.00 because of rounding.
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vaccine receipt among their patients. CFF influenza
vaccination goals, CF specialty-care centers, and center-
specific registry reports all contribute to increased
provider awareness about the importance of influenza
vaccination. Nevertheless, we identified several fac-
tors associated with decreased vaccine receipt in this
study. Lessons learned about which patients are at
risk to not receive the influenza vaccine among this
cohort may inform caregivers for all patients with
chronic lung disease to increase influenza vaccine use.

The US government has set a goal to increase influ-
enza vaccine coverage to 60% of high-risk adults by
2010.7 In the CF Registry, influenza vaccine receipt
exceeded these goals among patients with docu-
mented vaccine status and even among the registry
cohort as a whole. In 2006, vaccination rates were
much lower among other high-risk populations in the
United States. That year, an estimated 36.2% of per-
sons with asthma received influenza vaccine,0 and
among adults with any high-risk indication, influenza
vaccination included 30.5% of those aged 18 to 49
and 48.4% of those aged 50 to 64.2' In 2006, children

with an age indication to receive influenza vaccine
also had low rates of vaccine receipt: 32.2% of chil-
dren aged 6 months to 23 months and 26.4% of chil-
dren aged 2 years to 4 years.”> Despite media and
government attention to avian and pandemic influ-
enza planning??* and despite the expansion of vacci-
nation age group recommendations to include all
children that year,?* vaccination rates remained well
below the Healthy People 2010 objectives.'

We identified several demographic predictors of
influenza vaccine receipt in the US CF population.
Among all age categories and years studied, lack of
insurance was most often associated with significant
decreases in vaccination receipt. Other indicators of
socioeconomic status were not as closely associated
with vaccine receipt. Although adults had decreased
vaccine receipt among the lowest income groups, this
finding was not present within other age groups, likely
reflecting insurance availability for children of lower
income groups that is forfeited upon reaching adult-
hood. An additional predictor of decreased vaccine
receipt was nonwhite race/ethnicity. Estimates of

Table 3—O0dds of Having Vaccine Receipt or Nonreceipt Recorded in the Cystic Fibrosis Foundation Patient Registry
Among Age Groups, 2006

<5y(n=2,.884)

5to <18y (n=10,444) =18y (n=10,786)

\ \ \ \
95% CI

Variable aOR 95% CI aOR 95% CI aOR
Sex
Female Referent Referent Referent
Male 1.03 0.85-1.25 1.04 0.94-1.15 1.59 1.27-1.99
Race/ethnicity
White, non-Hispanic Referent Referent Referent
Black, non-Hispanic 1.40 0.93-2.13 1.04 0.82-1.32 1.13 0.86-1.47
Hispanic 1.00 0.73-1.37 0.73 0.60-0.89 0.73 0.56-0.94
Other 0.78 0.42-1.47 0.83 0.51-1.34 1.15 0.76-1.74
Insurance status
Private or HMO Referent Referent Referent
Public 1.08 0.87-1.33 0.99 0.89-1.11 1.17 1.05-1.30
Other or unknown 491 2.35-10.26 9.35 5.52-15.86 2.42 1.81-3.24
No insurance 4.05 1.08-15.24 2.16 1.25-3.72 1.66 1.12-2.46
Mean zip code income
Lower quartile Referent ... Referent . Referent ...
Second quartﬂe 0.84 0.65-1.09 1.00 0.87-1.16 1.16 1.02-1.32
Third quartile 0.8 0.61-1.05 0.89 0.77-1.03 1.07 0.93-1.22
Upper quartile 0.89 0.67-1.19 0.88 0.76-1.02 0.98 0.85-1.12
CF center volume
Lower quartile Referent .. Referent . Referent ..
Second quartﬂe 0.94 0.71-1.22 0.78 0.67-0.90 0.74 0.65-0.85
Third quartile 1.11 0.85-1.44 1.05 0.91-1.21 0.81 0.71-0.93
Upper quartile 0.81 0.62-1.07 0.73 0.63-0.84 0.85 0.74-0.97
Clinical variables
=4 clinic visits/y 0.49 0.40-0.61 0.40 0.36-0.45 0.40 0.36-0.44
FEV, >70% predicted“ N/A 0.85 0.73-0.98 1.03 0.92-1.15
Pancreatic insufficiency 0.88 0.65-1.19 0.93 0.76-1.12 0.87 0.75-1.01
Oxygen therapy in prior year 0.86 0.46-1.62 0.68 0.51-0.89 0.86 0.75-0.99
Body mass goal 1.02 0.82-1.28 0.88 0.79-0.97 0.81 0.66-1.00
Infection by Pseudomonas aeruginosa 0.94 0.75-1.17 1.03 0.93-1.14 0.84 0.75-0.94
Infection by Burkholderia cepacia 2.23 0.55-9.12 1.25 0.90-1.72 1.12 0.89-1.40

See Table 1 and 2 legends for expansion of abbreviations.
:No FEV, data are available for children aged <5y.

1452

Original Research



Table 4—Sensitivity Analysis Demonstrating the aORs of Vaccine Receipt Assuming That All Missing Vaccine Data
Are Vaccine Positive by Age Group, Cystic Fibrosis Foundation Patient Registry, 2006

<5y(n=2,884)

5to <18y (n=10444) =18y (n=10,786)

Characteristic aOR 95% CI aOR 95% CI aOR 95% CI
Age, y* N/A N/A 1.01 1.00»-1.03
Age-sex interaction® N/A N/A 1.00 1.00>-1.00
Male sex 1.01 0.74-1.37 1.08 0.90-1.29 1.89 1.10-3.25
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic 0.87 0.45-1.69 1.24 0.78-1.96 0.95 0.59-1.54
Hispanic 0.83 0.52-1.35 0.67 0.51-0.90 0.62 0.42-0.89
Other 0.76 0.31-1.85 0.77 0.35-1.68 0.67 0.34-1.31
Insurance status
Private or HMO
Public 0.59 0.41-0.84 0.64 0.53-0.78 0.76 0.63-0.92
Other or unknown 2.05 0.26-15.80 5.42 0.74-39.59 0.23 0.15-0.33
No insurance 0.25 0.05-1.30 0.37 0.18-0.79 0.65 0.33-1.28
Mean zip code income
Lower quartile
Second quartile 1.13 0.76-1.67 1.09 0.85-1.39 1.21 0.96-1.52
Third quartile 1.69 1.07-2.67 1.13 0.88-1.45 1.26 0.99-1.61
Upper quartile 1.38 0.86-2.23 1.23 0.94-1.62 1.10 0.86-1.40
CF center volume
Lower quartile
Second quartile 1.14 0.71-1.85 1.17 0.87-1.56 0.66 0.51-0.84
Third quartile 0.86 0.55-1.37 0.89 0.68-1.17 0.75 0.59-0.97
Upper quartile 0.56 0.37-0.87 0.47 0.37-0.61 0.93 0.71-1.20
Clinical variables
=4 clinic visits/year 1.20 0.83-1.72 1.75 1.45-2.12 1.37 1.14-1.63
FEV, >70% predicted 1.25 0.96-1.61 1.32 1.09-1.60
Pancreatic insufficiency 1.62 1.01-2.62 1.05 0.73-1.50 0.65 0.48-0.88
Oxygen therapy in prior year 0.84 0.37-1.90 0.50 0.36-0.71 0.66 0.53-0.82
B()dy mass goal 1.04 0.71-1.51 1.09 0.91-1.32 0.85 0.58-1.25
Infection by Pseudomonas aeruginosa 0.93 0.65-1.31 1.20 1.00-1.45 0.80 0.64-0.99
Infection by Burkholderia cepacia 0.59 0.07-5.33 0.98 0.55-1.72 0.65 0.45-0.92

See Table 1 and 2 legends for expansion of abbreviations.
*Not included in multivariate model for children aged <18 y.
"Lower end of CI is >1.00 but presented as 1.00 because of rounding.

vaccine receipt among blacks, Hispanics, and other
race/ethnicity were nearly all below white CF Regis-
try members. Hispanic patients with CF received influ-
enza vaccine at a significantly lower rate during the
study period. Moreover, among patients aged =5 years,
Hispanic ethnicity was associated with increased vac-
cination documentation, suggesting that although
Hispanics are less likely to receive vaccine, they are
more likely to have documentation of vaccine nonre-
ceipt. Further efforts must be made to understand why
more Hispanic patients are not receiving influenza
vaccine recommended to them.

Clinical variables also predicted vaccine receipt.
Attending four or more clinic visits per year was asso-
ciated with higher vaccination rates in all age groups
and years studied. This finding supports the CFF
goal of at least four clinic visits annually per person
and likely identifies the most adherent registry mem-
bers. Improved health status as measured by lung
function and weight was generally associated with
greater rates of vaccine receipt. Use of oxygen ther-

www.chestpubs.org

apy was consistently a significant predictor of vaccine
nonreceipt, even in the sensitivity analysis that assumed
all missing vaccine data were vaccine positive. These
findings suggest a healthy vaccinee effect, reflecting
improved health-care access and utilization by per-
sons with decreased severity of disease. The findings
also may reflect a common practice by health-care
providers to withhold vaccines during clinical encoun-
ters when a patient is not clinically well and underscores
the importance of caregivers arranging for subsequent
vaccination whenever it is withheld.

Our study is subject to limitations. Although we
assessed predictors of vaccination for the entire pop-
ulation in the CF Registry, our results may not be
generalizable to all patients with CF or other chronic
lung diseases. Influenza vaccination was recorded for
each individual in the cohort, but misclassification of
vaccine status may have occurred. Receipt of influ-
enza vaccine outside of CF centers could result in
underestimations of vaccine receipt in the CF Regis-
try; however, the sensitivity analysis demonstrates
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that many of the predictors of decreased vaccination
persisted even after all missing vaccine data were
assumed to be vaccine positive.

Although further studies are needed to better
quantify the risk of influenza to persons with CF, vac-
cination remains the best way to prevent influenza
virus infection. Physicians should pay particular atten-
tion to vaccinate patient groups that have been found
to have significantly lower rates of vaccine receipt,
including nonwhite patients, patients without private
or health maintenance organization insurance, and
patients who had received oxygen therapy during the
prior year. In addition, patients should be encour-
aged to meet the CFF goal of four or more clinic vis-
its per year because this was a strong predictor of
vaccine receipt. All patients with CF without con-
traindications should receive the influenza vaccine
annually. Furthermore, health-care providers and
families of patients with CF should receive the influ-
enza vaccine to decrease the risk of virus transmis-
sion in the clinic and at home.
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