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Rationale: Adults with cystic fibrosis (CF) possess multiple potential
risk factors for chronic kidney disease, including CF-related diabetes
(CFRD) and lifetime nephrotoxic drug exposure.

Objectives: To determine whether cumulative intravenous (IV) amino-
glycoside exposure and CFRD increase the risk of chronic kidney disease
in adults with CF.

Methods: This was a cohort study using adults (= 18 yr) in the CF
Foundation registry from 2001-2008. Chronic kidney disease (stage
3 or greater) was defined by an estimated glomerular filtration rate
of less than 60 ml/min/1.73 m?. Time-dependent multivariable Cox
proportional hazards models were used to determine whether cu-
mulative number of acute pulmonary exacerbations (surrogate for
IVaminoglycoside exposure) and CFRD requiringinsulinincrease the
risk of chronic kidney disease, adjusting for confounders.
Measurements and Main Results: The study cohort included 11,912
adults with a median follow-up of 4 years. During the study period,
204 subjects had chronickidney disease, with an annual disease prev-
alence of 2.3%. Disease prevalence doubled with every 10-year in-
crease in age. CFRD requiring insulin therapy substantially increased
therisk of chronic kidney disease (1-4 yr of CFRD requiring insulin vs.
no CFRD, hazard ratio [HR] = 2.40, 95% confidenceinterval [CI] 1.74-
3.32; = 5yr, HR=4.56, 95% Cl 2.84-7.31). Pulmonary exacerbations
did not significantly increase the risk of chronic kidney disease (one
to five exacerbations vs. none, HR = 0.79, 95% Cl 0.56-1.11; six to
nine exacerbations, HR = 0.92, 95% Cl 0.58-1.46; = 10 exacerba-
tions, HR = 1.16, 95% CI1 0.75-1.81).

Conclusions: CF-related diabetes is a significant risk factor for chronic
kidney disease in adults with CF, but additional studies examining IV
aminoglycoside exposure directly are required.
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Survival among individuals with cystic fibrosis (CF) in the United
States continues to increase. The number of adults living with CF
is expected to surpass the number of children living with CF in
the next few years (1). As a consequence of survivorship, com-
plications resulting from lifetime drug exposures and chronic
CF-related comorbidities are destined to emerge.

Dysfunction in the CF transmembrane regulator (CFTR) pro-
tein is not thought to impair renal function despite its abundant
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Adults with cystic fibrosis (CF) possess multiple potential
risk factors for the development of chronic kidney disease,
including CF-related diabetes and lifetime nephrotoxic drug
exposure. The prevalence and risk factors for chronic kidney
disease in adults with CF are unknown.

What This Study Adds to the Field

This study demonstrates a dramatic increase in the preva-
lence of stage 3 chronic kidney disease with advancing age.
This study also suggests that CF-related diabetes is a strong
risk factor for chronic kidney disease in adults with CF.

expression in the renal cortex and outer medulla (2). However,
adults with CF possess multiple potential risk factors for the de-
velopment of chronic kidney disease (CKD). More than 70% of
adults with CF are infected with Pseudomonas aeruginosa (1) and
thus receive repeated courses of intravenous (I'V) aminoglycoside
antibiotics for exacerbations over their lifetime (3). In a prospec-
tive study of 80 adults and adolescents with CF chronically
infected with P. aeruginosa, 30% had abnormal renal function
in follow-up and this was highly correlated with lifetime use of
aminoglycosides (3). Although aminoglycosides are a recognized
cause of acute renal failure (ARF) (4-6), this small study suggests
that they also contribute importantly to the pathogenesis of CKD.

Twenty percent of individuals with CF develop CF-related dia-
betes (CFRD) by the age of 20 and the prevalence increases to over
30% by the age of 40 (1). Although diabetes mellitus is one of the
most important risk factors for renal disease in the general pop-
ulation (7), the CFRD Consensus Committee recently reported
that the microvascular consequences of CFRD seem to be less
frequent and less severe than in other diabetic populations (8, 9).
Contrary to this report, a small study comparing CFRD with type 1
diabetes mellitus showed a similar rate of overall microvascular
complications (29%) but a significantly higher prevalence of micro-
albuminuria (21% vs. 4%) among those with CFRD (10).

To our knowledge, this is the first population registry—based
cohort study examining the prevalence and predictors of inci-
dent CKD cases in the adult population with CF. We speculate
that adult patients with CF are at increased risk for developing
CKD and we hypothesize that cumulative IV aminoglycoside
exposure and CFRD are important risk factors.

METHODS

Study Population and Data Sources

Data from the United States Cystic Fibrosis Foundation Registry (CF
Registry) were used for this study, which contains longitudinal data on
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32,653 patients from more than 110 care centers spanning the years
2001-2008 (1). A detailed description of the database has been previ-
ously published (11). We studied adults with CF (= 18 yr old), who had
at least two estimated glomerular filtration rate (¢GFR) measure-
ments, not separated by more than 2 years, from January 1, 2001 to
December 31, 2008. Individuals entered the study cohort after their
first eGFR measurement and were followed to the earliest of CKD
diagnosis, solid organ transplant, or last eGFR measurement.

Outcome Definition

Renal function was estimated using the Cockcroft-Gault formula stan-
dardized for body surface area (12, 13). Data on serum creatinine, age,
weight, height, and sex were required for this calculation (see
online supplement). CKD was defined by eGFR measured less than
60 ml/min/1.73 m? in two consecutive registry years. Based on National
Kidney Foundation KDOQI guidelines, this corresponds to stage 3
CKD severity and is the earliest stage that can be diagnosed using
serum creatinine alone (14). Because our definition of CKD required
2 consecutive years with eGFR less than 60 ml/min/1.73 m?, incident
CKD cases could not be ascertained in 2008, our last year of follow-up.
More advanced stages of CKD were defined as follows: stage 4, eGFR
less than 30 ml/min/1.73 m?% and stage 5, eGFR less than 15 ml/min/
1.73 m? or need for hemodialysis.

Classification of Exposures

Predictors of interest and other covariates were characterized using
annual-level registry data. A priori we had two main predictors of
interest for incident CKD cases: cumulative courses of I'V aminoglyco-
side antibiotics and cumulative years of CFRD. The class of antibiotic
used to treat acute pulmonary exacerbations was not specified in the
CF Registry and the number of annual IV antibiotic courses was only
available starting in 2003. In preliminary analyses, we found a very
strong correlation between numbers of IV antibiotic courses and num-
bers of acute exacerbations since 2003, and therefore number of acute
pulmonary exacerbations was chosen as a surrogate for IV aminoglyco-
side exposure. To ensure a consistent case definition of CFRD, it was
defined as CFRD requiring chronic insulin therapy. Other covariates
included age, sex, CF genotype, body mass index (BMI), percent-
predicted FEV,, P. aeruginosa and Burkholderia cepacia culture status,
previous episodes of ARF defined by eGFR of less than 60 ml/min/1.73 m*
in a single registry year, and cumulative years of exposure to inhaled
tobramycin and high-dose ibuprofen.

Statistical Analyses

Descriptive analyses were used to summarize baseline characteristics in
the year before cohort entry stratified by subsequent CKD status. Differ-
ences and 95% confidence intervals (CI) between groups were reported.

Age-adjusted Cox proportional hazards models were used to identify
significant independent predictors of CKD. A multivariable Cox propor-
tional hazards model was then developed including our primary predictors
of interest, after adjustment for age, other independent predictors of CKD,
and potential confounders (see online supplement).

Sensitivity analyses were defined a priori to assess the robustness of
our results (see online supplement). A two-sided P value of less than
0.05 was considered statistically significant for all analyses. Assuming
200 CKD events in the cohort and a one-sided 0.025 level of signifi-
cance, there was 80% power to detect a hazard ratio (HR) of 1.48 or
greater. Analyses were performed using STATA 10.0 (StataCorp, Col-
lege Station, TX). The Human Subjects Review Board at the Univer-
sity of Washington approved this study.

RESULTS

Cohort Characteristics

Among the greater than 110 CF care centers in the United States,
there were 17,848 adults (aged =18 yr) with CF entered into the
CF Registry during the study period of January 1, 2001 to De-
cember 31, 2008. After the exclusion of 5,936 patients because
of insufficient renal function data, the total number entering the

study cohort was 11,912, resulting in a total follow-up of 51,382
person-years (Figure 1).

The baseline characteristics of the study cohort comparing
those who developed CKD with those who did not are shown
in Table 1. Adults with CF diagnosed with CKD were older
(39 vs. 25.8 yr; mean difference 13.2 yr; 95% CI for difference,
11.3-15.1 yr); more likely to be female (53.2% vs. 45.6%; dif-
ference 7.6%; 95% CI for difference, 0.7-14.6%); with a lower
BMI (20.9 vs. 21.4 kg/m?; mean difference 0.5 kg/m?; 95% CI for
difference, 0.0-0.9 kg/m?); and more likely to be diagnosed with
CFRD requiring insulin (33.3% vs. 13.3%; difference 20%; 95%
CI difference, 13.4-26.6%) in the year before cohort entry. Al-
though those eventually diagnosed with CKD had a lower
percent-predicted FEV; (56.2% vs. 65.4%; difference 9.2%;
95% CI for difference, 6.1-12.3%), they were less likely to have
experienced an acute pulmonary exacerbation (33.3% vs.
40.6%; 7.2% difference; 95% CI for difference, 0.7-13.8%) or
have required inhaled tobramycin therapy (33.3% vs. 50.7%;
difference 17.4%; 95% CI for difference, 10.8-24%) in the year
before cohort entry. Other baseline characteristics were similar
between CKD cases and noncases including homozygosity for
the delta F508 mutation.

Adults with CF diagnosed with CKD were more likely to have
been previously diagnosed with ARF (6.9% vs. 3.2%; difference
3.7%;95% CI for difference, 0.2-7.2% ), and were more likely to
require hemodialysis after CKD diagnosis (22.5% vs. 0.9%; dif-
ference 21.6%; 95% CI for difference, 15.9-27.5%) compared
with those without CKD.

CKD Incidence and Prevalence

There were 204 CKD cases detected over the observation period
of 2001-2008. Eighty-one cases were diagnosed in the year of
cohort entry, which was the first year of renal function measure-
ment. The mean annual prevalence of stage 3 or greater CKD
over this time period was 2.3%. Just over half (53%) progressed
to stage 4 or greater CKD with a mean annual prevalence of
0.7%, and 44% progressed to stage 5 CKD with a mean annual
prevalence of 0.6%. The cumulative incidence of stage 3 or
greater CKD was 1.7% of those adults included in the cohort
and 1.1% of all adults enrolled in the CF Registry (Figure 1).
The overall incidence rate of stage 3 or greater CKD was 4
events per 1,000 person-years of follow-up.

Both the prevalence and incidence rate of CKD increased sub-
stantially with age (Figure 2; see online supplement). Stage 3 or
greater CKD prevalence increased from 0.6% for the 18- to 25-
year-old age group to 19.2% for those greater than 55 years of age.

Twenty-five percent of individuals with stage 3 or greater
CKD, 58% of individuals with stage 4 or greater CKD, and
78% of individuals with stage 5 or greater CKD required hemo-
dialysis in follow-up.

Independent Associations between Each Predictor of Interest
and Risk of CKD

Based on age-adjusted Cox proportional hazards analysis, the
HR of CKD did not significantly increase with an increase in
the cumulative number of acute pulmonary exacerbations (Table
2). The risk of CKD increased significantly for patients with
CFRD requiring insulin and the age-adjusted HR increased
from 2.52 (95% CI, 1.82-3.49) for those with 1 to 4 years of
disease versus no CFRD to 4.71 (95% CI, 2.96-7.50) for those
with at least 5 years of disease versus no CFRD. Homozygosity
for the delta F508 mutation (HR 1.48; 95% CI, 1.12-1.96) and at
least one previous episode of ARF (HR 1.91; 95% CI, 1.05-
3.46) also increased the age-adjusted risk of CKD. Higher BMI
decreased the age-adjusted risk of CKD (HR 0.85; 95% CI,
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0.81-0.89). Male sex, percent-predicted FEV;, duration of in-
haled tobramycin therapy, duration of high-dose ibuprofen
therapy, and B. cepacia or P. aeruginosa culture status were
not found to modify the risk of CKD after adjustment for age.

Multivariable Model for Risk of CKD

Based on multivariable Cox proportional hazards regression, cu-
mulative number of acute pulmonary exacerbations did not sig-
nificantly increase the risk of CKD after adjustment for age,
years of CFRD requiring insulin, BMI, and years of inhaled
tobramycin use (Table 3). Increasing duration of CFRD requir-
ing insulin therapy substantially increased the risk of CKD with
a HR of 2.40 (95% CI, 1.74-3.32) for 1 to 4 years of disease
versus no CFRD and a HR of 4.56 (95% CI, 2.85-7.28) for at
least 5 years of disease, after adjustment for age, cumulative
number of acute pulmonary exacerbations, BMI, and years of
inhaled tobramycin use. A 1-year increase in age also signifi-
cantly increased the risk of CKD (HR 1.11; 95% CI, 1.10-1.12)
(Table 3). Each additional year of inhaled tobramycin use (HR
0.89; 95% CI, 0.81-0.97) and each unit increase in BMI (HR
0.86; 95% CI, 0.82-0.90) slightly decreased the risk of CKD.
Homozygosity for the delta FS08 mutation was no longer a sig-
nificant predictor of CKD in the multivariate model.

In a post hoc analysis, we explored the relationship between
CFRD complicated by microalbuminuria and risk of CKD. Af-
ter multivariable adjustment, CFRD complicated by microalbu-
minuria further increased the risk of CKD with a HR of 4.19
(95% CI, 1.57-11.21) for 1-3 years of microalbuminuria versus
none and a HR of 11.44 (95% CI, 3.46-37.81) for greater than
or equal to 4 years of microalbuminuria.

Sensitivity Analyses

To examine the potential influence of case ascertainment bias,
choice of GFR estimating equation, and short cohort follow-up
time on our results, we performed multiple sensitivity analyses.

Figure 1. Diagram of study population with
number excluded, cohort follow-up time, and
CKD cumulative incidence. CF = cystic fibrosis;
CKD = chronic kidney disease. *Assumes adult
patients excluded from study cohort do not
have CKD; 'A total of 81 cases were diagnosed
in the year of cohort entry.

Our estimates of CKD (stage 3 or greater) prevalence and inci-
dence were similar to our primary analysis, and CFRD requiring
insulin therapy remained a strong risk factor for CKD (see online
supplement). Furthermore, restricting our cohort to individuals
with P. aeruginosa infection did not change the lack of associ-
ation between number of acute pulmonary exacerbations and
CKD found in our primary analysis.

DISCUSSION

Our cohort study is the first to comprehensively examine the
prevalence of CKD (stage 3 or greater) in the adult population
with CF and to identify predictors of incident disease. Previous
observational studies have looked at ARF (6) or have been small
and used non—guidelines-based definitions of CKD (3, 15).

Based on our results, moderate severity CKD is not uncom-
mon in patients with CF with an annual disease prevalence of
about 2% and prevalence that doubles with every 10-year in-
crease in age. Previous studies in the general population have
shown that advanced age is an independent risk factor for
CKD (7, 16). Our age-adjusted prevalence estimates for CKD
(stage 3 or greater) are about twofold higher than estimates
from the United States general population using 1999-2004
National Health and Nutrition Examination Survey data (17).
Earlier stages of CKD often progress to end-stage renal disease
(18). This seemed to be the case in our cohort with up to one-
quarter of cases with moderate-severity CKD requiring hemodi-
alysis in short-term follow-up.

An important finding of this study is that CFRD requiring in-
sulin is an important risk factor for CKD in the adult population
with CF. The increase in risk with duration of disease is compat-
ible with the natural history of diabetic microvascular complica-
tions, because diabetic nephropathy tends to arise 10-15 years
after diabetes diagnosis (19). Although it seems that we see
an increase in risk much earlier, our exposure times reflect
minimum values, because we were unable to capture lifetime
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TABLE 1. BASELINE CHARACTERISTICS OF CHRONIC KIDNEY DISEASE CASES AND NONCASES

Characteristic*

CKD (=) (n = 11,708)

CKD (+) (n = 204)

Difference’ (95% CI)

Mean age, yr 25.8
Male sex, yr 53.2
Homozygous AF508, % 48.7
Mean BMI, kg/m? 21.4
Mean percent-predicted FEV;, % 65.4
Greater than or equal to one acute 40.6
pulmonary exacerbation, %
CFRD requiring insulin, % 133
Inhaled tobramycin use, % 50.7
HD ibuprofen use, % 3.7
Pseudomonas aeruginosa culture, % positive 74.6
Burkholderia cepacia culture, % positive 4.4

39.0 13.2 (11.3 to 15.1)
45.6 7.6 (0.7 to 14.6)
48.2 0.5 (—7.2t0 8.3)
20.9 0.5 (0 to 0.9)
56.2 9.2 (6.1 t0 12.3)
33.3 7.2 (0.7 to 13.8)
333 20.0 (13.4 to 26.6)
33.3 17.4 (10.8 to 24)
2 1.7 (0.2 to 3.7)
75.4 0.8 (5.4 t0 7)
3.1 1.2 (1310 3.7)

2011

Definition of abbreviations: BMI = body mass index; CFRD = cystic fibrosis—related diabetes; Cl = confidence interval; CKD =

chronic kidney disease; HD = high dose.
*In the year before cohort entry.
T Absolute difference with 95% CI.

exposure. This key finding is interesting in light of a recent
statement on behalf of the American Diabetes Association
and CF-related Diabetes Consensus Report Committee that
the “kidneys may be somewhat protected in CFRD” because
of residual insulin secretion, and the absence of other known
risk factors for microvascular disease, including hypertension
and hyperlipidemia (8). Our findings support a recent study
by van den Berg and coworkers (10) comparing the microvas-
cular complications of CFRD with type 1 diabetes. They found
a similar rate of overall microvascular complications between
the two types of diabetes but a much higher rate of microalbu-
minuria (21% vs. 4%; P = 0.003) in CFRD. Our registry-based
definition of CFRD was rigorous, because it required that the
subject be on chronic insulin therapy. Although this may result
in selection bias for those patients with more severe CFRD, this
definition is generalizable because about 65% of patients with
CFRD are chronic users of insulin as coded in the CF registry.

Cumulative number of acute pulmonary exacerbations (surro-
gate for cumulative IV aminoglycoside exposure) did not indepen-
dently increase the risk of CKD in this study. Previous studies have
found an increased risk of renal dysfunction after IV aminoglyco-
side exposure (3, 5, 20). IV aminoglycosides are directly toxic to
the kidneys but the precise mechanism leading to nephrotoxicity
remains uncertain (21). In addition to tubular damage, renal

W Stage 5 CKD  m > Stage 4 CKD > Stage 3 CKD

20.0% -
18.0% -
16.0%
14.0% |
12.0% -
10.0% |
8.0%

6.0%
4.0%

2.0% -
0.0%

Prevalence of CKD

18-25 25-35 35-45 45-55 255

Age Category

Figure 2. Prevalence of chronic kidney disease (CKD) by age category
and severity. Stage 3 CKD severity: estimated glomerular filtration rate
(eGFR) less than 60 ml/min/1.73 m? Stage 4 CKD severity: eGFR
less than 30 ml/min/1.73 m2. Stage 5 CKD severity: eGFR less than
15 ml/min/1.73 m? (or need for hemodialysis).

vasoconstriction and mesangial contraction are suspected to play
important roles at the glomerular level (22). There are a number
of potential reasons why our findings are inconsistent with previ-
ous studies. First, we used a very crude proxy measure for IV
aminoglycoside exposure because of a lack of detailed informa-
tion available on this exposure in the CF Registry. Although
cumulative number of IV aminoglycoside courses likely corre-
lates with cumulative number of acute pulmonary exacerbations,
we are uncertain as to what proportion of acute pulmonary exac-
erbations actually required IV aminoglycoside antibiotics. If this
proportion was small, the impact of nondifferential misclassifica-
tion of exposure may have been significant, thus leading to an
underestimation of risk. We restricted our analysis to individuals
with P. aeruginosa infection because they were more likely to
require IV aminoglycosides during acute pulmonary exacerba-
tions but we still failed to demonstrate a relationship between
number of acute pulmonary exacerbations and CKD risk. A
more likely reason for our negative findings is that we had a rel-
atively short exposure period and therefore we may have failed to
detect an increase in risk because of limited cumulative drug
exposure. In previous studies, renal function was inversely asso-
ciated with lifetime IV aminoglycoside exposure (3). We con-
ducted a sensitivity analysis restricting to CKD cases with
normal renal function on cohort entry because they had a slightly
longer exposure period before CKD diagnosis but we still failed
to detect an association between number of acute pulmonary
exacerbations and CKD risk.

Although homozygosity for the delta F508 CFTR mutation
seemed to increase the risk of CKD in age-adjusted analysis, it
was not an independent predictor after adjustment in multivariate
analysis. Most of the age-adjusted increased risk was likely caused
by confounding by CFRD, because CFRD is a strong predictor of
CKD and is also more prevalent in individuals homozygous for the
delta F508 CFTR mutation. This supports previous speculation
that CFTR mutations do not predispose to major renal dysfunction
despite abundant expression of CFTR in the renal cortex and outer
medulla (2), and evidence of reduced renal excretion of NaCl and
decreased capacity to dilute and concentrate urine (23, 24).

We found that an increase in the number of years of inhaled
tobramycin use had a slightly protective effect on the risk of de-
veloping CKD. This finding is reassuring, because previous case
reports have suggested nephrotoxicity related to inhaled tobra-
mycin use (25, 26), which was not observed in randomized
clinical trials using this drug (27-31). Although speculative, a pos-
sible explanation for this observed protective effect is that indi-
viduals on maintenance inhaled tobramycin therapy are less
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TABLE 2. HAZARD RATIOS AND 95% CONFIDENCE INTERVALS
FROM AGE-ADJUSTED COX PROPORTIONAL HAZARD MODELS
USED TO ASSESS THE INDEPENDENT ASSOCIATION BETWEEN

EACH COVARIATE AND RISK OF CKD

Exposure

CKD Hazard Ratio (95% CI)

Time-varying
Acute pulmonary exacerbations*

No exacerbations

One to five exacerbations

Six to nine exacerbations

= 10 exacerbations
CFRD (insulin-requiring)*

0yr

1-4 yr

=5yr
Per additional year of inhaled tobramycin use
Per additional year of HD ibuprofen use
Previous episode of acute renal failure
Time-fixed"
Male sex
Homozygous AF508%
BMI, kg/m?
Percent-predicted FEV;
Pseudomonas aeruginosa culture (+)
Burkholderia cepacia culture (+)

REF
0.86 (0.62-1.19)
1.08 (0.69-1.69)
1.48 (0.99-2.22)

REF
2.52 (1.82-3.49)
4.71 (2.96-7.50)
0.94 (0.86-1.02)
1.03 (0.85-1.24)
1.91 (1.05-3.46)

0.78 (0.59-1.02)
1.48 (1.12-1.96)
0.85 (0.81-0.89)
0.99 (0.99-1.00)
0.99 (0.71-1.37)
0.86 (0.38-1.95)

Definition of abbreviations: BMI = body mass index; CFRD = cystic fibrosis—
related diabetes; Cl = confidence interval; CKD = chronic kidney disease; HD =
high dose.

*Includes exposure up to 3 years before cohort entry.

' Data from the year before cohort entry.

* Reference group = no AF508 gene mutations.

likely to develop acute pulmonary exacerbations resulting in
reduced exposure to potentially nephrotoxic IV antibiotics.

Although our study demonstrates a strong association between
CFRD requiring insulin and CKD, epidemiologic studies are sus-
ceptible to biases that may influence the results and therefore we
undertook multiple sensitivity analyses to ensure our results were
robust. We were concerned about possible case ascertainment bias
because those patients with risk factors for CKD might be more
likely to have their serum creatinine measured. As an example,
serum creatinine is routinely measured around the time of IV ami-
noglycoside use because of concerns about nephrotoxicity. Be-
cause measurement of serum creatinine is required to make
a diagnosis of CKD, presence of a potential risk factor can lead
to higher rates of diagnosis, thus inducing a spurious association.
We thus limited our analysis to centers that monitored serum cre-
atinine in greater than 70% of their enrolled patients to minimize
this possible selection bias. Our relative risk estimates actually in-
creased after this sensitivity analysis and therefore we do not be-
lieve case ascertainment bias was a significant issue in our analysis.
The strong relative risk estimates, positive dose-response rela-
tionship, and a post hoc analysis demonstrating an even higher
risk for those with CFRD complicated by microalbuminuria all
support the biological plausibility of this association.

Another limitation of our study is that we relied on serum
creatinine to estimate renal function. Diagnosis of earlier stages
of CKD (stages 1 and 2) require evidence of kidney damage on
urine or nuclear testing but this information was not available
through the CF Registry (14). Diagnosis of renal dysfunction
using serum creatinine alone is subject to interpretation error
because baseline serum creatinine decreases with low muscle
mass and malnutrition, which are prevalent in the CF popula-
tion. Therefore, we used the Cockcroft-Gault formula to esti-
mate glomerular filtration rate as it adjusts for age, body mass,
and sex. We also performed a sensitivity analysis using the ab-
breviated modified diet in renal disease (aMDRD) equation,
which adjusts for similar factors plus ethnicity. Our CKD

prevalence estimates were similar for the two estimating equa-
tions with a slightly higher rate of CKD diagnosis using the
aMDRD equation. Without a gold standard available for com-
parison, it is difficult to know which prediction equation per-
forms better. Unfortunately, there is no consensus on the best
creatinine-based estimating equation for glomerular filtration
rate in patients with CF, although one study found Cockcroft-
Gault to be superior to aMDRD (32). Choice of estimating
equation is unlikely to influence the diagnosis of more advanced
disease (as demonstrated in our study) but may play an impor-
tant role in identifying borderline cases of renal dysfunction.
Urinary biomarkers, such as N-acetyl-B-D-glucosaminidase,
may play a role in detecting earlier kidney injury (21, 33).

Another limitation of this study is the relatively short follow-
up period of our cohort, with a median follow-up of just 4 years.
The short follow-up period is potentially a significant limitation
in the assessment of the association between our cumulative ex-
posure covariates and CKD. Ideally, we would have looked at
lifetime exposure but this was not possible with the data avail-
able in the CF Registry. For a cumulative exposure variable, such
as CFRD, cumulative exposure during the short follow-up period
of our cohort likely correlates with lifelong exposure because
most individuals with CFRD were likely diagnosed many years
previously. This is probably why we were able to establish such
a strong association between CFRD requiring insulin and CKD
with an exposure period of just 1-4 years. The suspected corre-
lation between short-term and lifetime exposure observed with
CFRD may not be true for acute pulmonary exacerbations, and
thus remains a potential limitation.

Finally, the overall prevalence of exposure to ibuprofen was
low at just 2.5%. The highest observed use of ibuprofen was in
the youngest age groups also at the lowest risk for developing
CKD. We thus had limited statistical power to detect an associ-
ation between this exposure and CKD, leading to a possible Type
IT error. Therefore, we cannot exclude the possibility of in-
creased risk of CKD after ibuprofen use.

Given the dramatic increase in disease prevalence observed
with advancing age, we anticipate that the prevalence of CKD
will rise with improvements in survival of the CF population.
CKD diagnosis can pose a significant challenge to physicians car-
ing for patients with CF. Doses of nephrotoxic antibiotics, such as
IV tobramycin and colistin, that are relied on heavily to treat re-
sistant strains of Pseudomonas must be altered or sometimes
avoided altogether. Earlier stages of CKD can progress to end-
stage disease with its attendant complications, including the
need for dialysis. More importantly, a diagnosis of CKD can
result in preclusion from lung transplant consideration given

TABLE 3. FINAL MULTIVARIABLE COX PROPORTIONAL
HAZARD MODEL

Exposure CKD Hazard Ratio (95% CI)

Acute pulmonary exacerbations*
No exacerbations REF
One to five exacerbations 0.79 (0.56-1.11)
Six to nine exacerbations 0.92 (0.58-1.46)
= 10 exacerbations 1.16 (0.75-1.81)
CFRD (insulin-requiring)*

0yr REF
1-4yr 2.40 (1.74-3.32)
=5yr 4.56 (2.85-7.28)

Per additional year of age
Per additional year of inhaled tobramycin use
Per unit increase in BMI, kg/m?

1.11 (1.10-1.12)
0.89 (0.81-0.97)
0.86 (0.82-0.90)

Definition of abbreviations: BMI = body mass index; CFRD = cystic fibrosis—
related diabetes; Cl = confidence interval; CKD = chronic kidney disease.
*Includes exposure up to 3 years before cohort entry.
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the significant risk of progressive renal dysfunction in the post-
transplant setting (34), or result in worse outcomes in those
transplanted with milder degrees of renal dysfunction (35). With
all these potential implications in mind, diagnosing and aggres-
sively managing CFRD is of paramount importance to decrease
the risk of CKD.

In conclusion, to assess the prevalence and predictors of incident
cases of CKD in adults with CF we have longitudinally analyzed
nearly 12,000 individuals with CF for a median follow-up period
of 4 years from 2001-2008. During that period, 204 individuals were
diagnosed with stage 3 CKD, with a disease prevalence of 2.3% and
incidence rate of 4 events per 1,000 person-years. After controlling
for other independent predictors and potential confounders, the
results suggest that CFRD is a strong risk factor for CKD but that
IV aminoglycoside exposure requires further study.

Author Disclosure: None of the authors has a financial relationship with a com-
mercial entity that has an interest in the subject of this manuscript.
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