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BACKGROUND: Cystic fibrosis-related diabetes (CFRD) is an

increasingly prevalent comorbidity factor for patients with cystic

fibrosis (CF). CFRD has been associated with an accelerated decline

in clinical parameters and an increased mortality rate. 

OBJECTIVES: To investigate the clinical impact of CFRD on pul-

monary function and clinical status using a matched study design to

further explore potential causality.

METHODS: Charts from the adult CF clinic at St Paul’s Hospital

(Vancouver, British Columbia) were retrospectively reviewed. Forty

CFRD patients with and without fasting hyperglycemia were

matched to CF patients with nondiabetic glucose tolerance based on

sex, age and forced expiratory volume in 1 s (FEV1).

RESULTS: Sixteen of 40 CFRD patients (40%) died compared with

nine of 40 patient controls (23%) (P=0.13). CFRD patients were

more likely to experience declines in FEV1 (P<0.01), especially

women (P<0.01). Patients with CFRD were not more likely to be

hospitalized (P=0.39). Body mass index did not differ between

groups. 

CONCLUSIONS: Patients with CFRD had higher rates of FEV1

deterioration than nondiabetic patients with CF, and showed a trend

toward increased mortality. The present study suggests that CFRD

has a significant clinical impact and should be carefully considered

when evaluating the status of CF patients.
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Les effets de la disparité des sexes sur les
issues cliniques des patients atteints de diabète
lié à la fibrose kystique : Une étude appariée

HISTORIQUE : Le diabète lié à la fibrose kystique (DLFK) est un 

facteur de comorbidité de plus en plus prévalent pour les patients atteints

de fibrose kystique (FK). Le DLFK s’associe à une détérioration accélérée

des paramètres cliniques et à une augmentation du taux de mortalité.

OBJECTIFS : Explorer les répercussions cliniques du DLFK sur la 

fonction pulmonaire et l’état clinique au moyen d’une étude appariée

pour évaluer la causalité potentielle de manière approfondie.

MÉTHODOLOGIE : Les dossiers de la clinique de FK pour adultes du

St. Paul Hospital (de Vancouver, en Colombie-Britannique) ont fait l’ob-

jet d’une étude prospective. Quarante patients atteints de DLFK présen-

tant ou non de l’hyperglycémie à jeun ont été appariés à des patients

atteints de DLFK ayant une tolérance au glucose non diabétique d’après le

sexe, l’âge et le volume expiratoire maximal par seconde (VEMS).

RÉSULTATS : Seize des 40 patients atteints de DLFK (40 %) sont

décédés par rapport à neuf des 40 sujets témoins (23 %) (P=0,13). Les

patients atteints de DLFK étaient plus susceptibles de présenter une

diminution du VEMS (P<0,01), notamment les femmes (P<0,01). Les

patients atteints de DLFK ne couraient pas plus de risque d’être hospital-

isés (P=0,39). L’indice de masse corporelle ne différait pas entre les

groupes.

CONCLUSIONS : Les patients atteints d’un DLFK présentaient des

taux de détérioration du VEMS plus élevés que les patients atteints de FK

non diabétique et révélaient une tendance vers une mortalité accrue.

Selon la présente étude, le DLFK a des répercussions cliniques impor-

tantes et devrait être soumis à un examen attentif au moment d’évaluer

l’état des patients atteints de FK.

Cystic fibrosis (CF) is the most common life-threatening
Caucasian autosomal recessive disorder, with a prevalence

of one in 2500 births (1). With improvements in treatment,
the median life expectancy of CF patients has increased to
37.0 years (34.8 years in women) (2). CF-related diabetes
(CFRD) affects one in four CF patients older than 20 years of
age and is the leading comorbidity factor in patients with CF
(3,4). Because the median age of onset of CFRD is 20 years,
and the life expectancy of the CF population continues to
increase, the prevalence of CFRD is expected to grow (3,5).
The incidence of CFRD is also higher in women (6-8). 

Forced expiratory volume in 1 s (FEV1) is strongly linked to
clinical status (9). Pulmonary exacerbations lead to decreased

survivorship approximately equal to a 12% drop in FEV1 per
admission. In some studies (2,6,8,10), CFRD has been associ-
ated with increased mortality and a reduced median life
expectancy, while in other studies (11-13) no difference was
found. Similarly, some studies (9,14) found that patients with
CFRD experienced an accelerated decline in FEV1 two to
four years before the diagnosis of diabetes, while another study
(15) determined there was no clinical impact. Although the
effect of CFRD remains unclear, the severity of glucose intoler-
ance in CF patients correlates with the rate of pulmonary decline
and lower pulmonary function variables (3,4,6). However, the
above data are primarily cross-sectional and may be consistent
with CFRD being only a marker of more severe disease. 
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Therefore, to more clearly demonstrate the role of CFRD as
an independent causative factor for clinical decline, we
matched CFRD patients with nondiabetic CF patients to iso-
late its effect, then assessed their clinical outcomes over the
ensuing years. 

METHODS

Subjects were identified by a review of 322 patients who
attended the adult CF clinic at St Paul’s Hospital (Vancouver,
British Columbia) between 1977 and 2005. Patients were clas-
sified as CFRD with fasting hyperglycemia (FH), CFRD with-
out FH, impaired glucose tolerance (IGT) or normal glucose
tolerance based on existing blood work. An oral glucose toler-
ance test result of greater than 11.0 mmol/L indicated CFRD,
while a result between 7.8 mmol/L and 11.0 mmol/L defined
IGT. A fasting blood glucose value of higher than 7.0 mmol/L
indicated CFRD with FH, while a fasting blood glucose result
of 7.0 mmol/L or lower in patients with CFRD indicated
CFRD without FH. 

In total, 78 of 322 patients (24.2%) had documented
altered glucose tolerance. Of these patients, four were lost to
follow-up, four were transferred to another clinic and two had
no recorded pulmonary data before death. Of the remaining
68 patients, 14 (20.6%) were eventually diagnosed with IGT
and were included in the matching group. Two patients with
IGT were used in matching: one was diagnosed with CFRD
after the death of her matched patient and the other was diag-
nosed two years after matching. Five transplant patients and
nine patients who had been colonized with Burkholderia cepacia
were excluded. 

Of patients with normal glucose tolerance, two had no pul-
monary data recorded before death, 35 were lost to follow-up
and 34 were transferred to a different clinic. Of the remaining
patients, 12 (7%) had been colonized with B cepacia and were
excluded. The remaining 161 patients together with 14 IGT
patients became the matching group.

Forty patients (15 male [38%]), classified as CFRD with FH
(34 of 40 patients [85%]) and CFRD without FH (six of
40 patients [15%]), were matched to controls. Cases were
matched two years before diagnosis to account for possible
effects of the prediabetic phase. Pairs were matched exactly by
sex and age, then to the closest FEV1 match. There were no
cases in which multiple potential matches had equally close
FEV1 values. Only controls born within four years of the
CFRD patient in question were considered for matching to
eliminate effects from differing therapies over time. For
five patients, pulmonary data were not available two years

before diagnosis, and matching occurred in the year before diag-
nosis in three patients and the year of diagnosis in two patients.
Patients were identified using a study code identification to
minimize possible bias in matching. 

The first spirometry measurement in each year was used.
Body mass index (BMI) was calculated from the first height
and weight measurements in each year. 

A Cox proportional hazard model corrected for steroid use
was used to determine significance in mortality. FEV1 and BMI
were analyzed using a generalized estimate equation corrected
for steroid use. A decrease from 0% to 9%, from 10% to 19%,
and greater than 20% were used as ordinal categories. Patients
who died were considered to be in the highest ordinal group for
FEV and forced vital capacity (FVC). Male and female inter-
actions were added to the generalized estimate equation model
to analyze sex effects. Admissions were defined as a hospital-
ization for any cause. The rate of admissions was analyzed using
a generalized estimate equation for the prematching period,
the matching to diagnosis period and the postdiagnosis period,
representing the time points, with none, one, and more than
one admission comprising the ordinal categories. Glycosylated
hemoglobin A1c (A1C) values were compared in CFRD
patients using a repeated measures ANOVA. Analyses were
performed using SAS 9.1 (SAS Institute Inc, USA). 

Ethics approval was obtained from the University of British
Columbia/Providence Health Care Research Ethics Board.

RESULTS

The mean age at diagnosis of CFRD was 24.5 years (men,
25.4 years; women, 23.8 years). Sixteen of 40 patients (40%)
with CFRD (five male and 11 female) and nine of 40 controls
(23%) (four male and five female) died (hazard ratio=1.918;
P=0.1303) with median survival of 10.4 years and 16.14 years
after matching, respectively. 

Diabetic (23%) therapy, prednisone therapy and BMI at
time of matching are presented in Table 1. Eight CFRD
patients were on pulses of prednisone, while three were on
longer courses. Two patients had allergic bronchopulmonary
aspergillosus, one on a pulse and one on a long course of pred-
nisone. Only four cases were taking prednisone between the
time of matching and diagnosis of CFRD; the others were pre-
scribed prednisone after CFRD diagnosis. BMI remained
unchanged in both groups throughout the study period, and
there was no significant difference in BMI between groups
(OR=0.889, 95% CI 0.451 to 1.752; P=0.733).

There was no significant difference in FEV1 between groups
in the years before matching. However, CFRD patients were
more likely to experience decreases in FEV1 between annual
measurements (OR=2.947, 95% CI 1.516 to 5.727; P=0.0014).
Mean FEV1 for patients with CFRD from the time of matching
to four years later were 65.8%, 57.4%, 53.0%, 49.3% and
52.6% compared with 66.3%, 62.2%, 64.0%, 62.3% and
63.7% in controls (Figure 1).

Male CFRD patients were not more likely to experience
decreases in FEV1 between annual measurements (OR=1.371,
95% CI 0.468 to 4.014; P=0.565). However, female CFRD
patients were more likely to experience decreases in FEV1
between annual measurements (OR=4.409, 95% CI 1.84 to
10.562; P=0.0009). From the time of matching to four years
later, female patients had mean FEV1 values of 70.3%, 62.3%,
56.4%, 53.4% and 52.7% compared with 69.4%, 66.8%,
68.3%, 69.8% and 67.5% in controls (Figure 2). Results for
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TABLE 1
Medical treatments and body mass index (BMI) at time of
matching

Diabetic patients Control patients

Treatment (n=40) (n=40) P

Insulin, n (%) 24 (60) N/A N/A

Metformin and insulin, n (%) 5 (13) N/A N/A

Diet, n (%) 6 (15) N/A N/A

Sulfonylureas, n (%) 5 (13) N/A N/A

Prednisone therapy, n (%) 11 (28) 0 (0) <0.01

BMI, kg/m2 20.69 21.05 N/A

N/A Not applicable
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FVC over time revealed the same pattern and sex disparities
(data not shown).

The mean number of hospitalizations per year leading up to
matching, from matching to diagnosis and after diagnosis was
0.49, 1.15 and 1.17 for cases and 0.69, 0.47 and 0.50 for con-
trols, respectively. However, after correcting for steroid use,
there was no significant difference in the odds of being admit-
ted (OR=1.472, 95% CI 0.612 to 3.54; P=0.3873) (Figure 3).
The number of days in the hospital was also not significantly
different between groups. 

From matching to four years later, the mean A1C value for
patients with CFRD was 6.2%, 7.9%, 7.9%, 8.0% and 7.3%
(P=0.014). Control values during the same period were 5.6%,
5.2%, 5.6%, 5.5% and 5.4%. Mean A1C was not different
between older or more recent calendar years. There was also no
significant difference in A1C values between male and female
patients.

DISCUSSION
CFRD has been linked to worsened prognosis; therefore, fur-
ther studying of its effect on patient outcome is clearly clini-
cally relevant. Previous studies have been cross-sectional and
thus incapable of determining causality. Many studies (2,4,6)
are compilations of registry data, while others used clinic data
(11,13,16). Liou et al (10) used registry data to create a sur-
vivorship model that they validated with the remaining reg-
istry data. All of the above studies were cross-sectional and
therefore potentially confounded by the possibility that CFRD
only affects sicker patients. In our study, we addressed this lim-
itation by matching individuals by disease severity.

We found that patients with CFRD were more likely to expe-
rience a decline in FEV1 and FVC in the years following match-
ing. A1C values remained elevated in the years following
diagnosis, suggesting that insufficient treatment or patient non-
compliance may have contributed to this finding. Mortality was
also nonsignificantly higher in patients with CFRD than the
controls in our study. Although the difference did not attain sta-
tistical significance in this small sample, the mortality rate has
been reported elsewhere to be higher in patients with CFRD
(2), while another study (12) reported no difference. However,
the latter study was cross-sectional and had a low median sur-
vival age, which would obscure the effect of CFRD on mortality.
Matching also allowed us to account for patients who died
before reaching the median age of onset of CFRD. The impor-
tance of matching in assessing CFRD mortality is illustrated by
an earlier unmatched assessment of our own clinic’s outcomes,
which showed a higher median survival age in CFRD cases. 

There is evidence to suggest that pulmonary function is
affected even in non-CF patients with diabetes, which may
help to explain our findings. Glycosylation of collagen tissue in
the lungs reduces elasticity and total capacity (17,18).
Dehydration and protein catabolism lead to fatigue and weak-
ness, potentially decreasing pulmonary performance (19,20).
Also, microangiopathy decreases gas exchange by reducing
capillary blood volume (21,22). Reduction in pulmonary
parameters has previously been shown to lead to an increase in
all-cause mortality in patients with type 2 diabetes (23).
Additionally, patients with diabetes have an impaired ability
to fight some infections, have increased rates of colonization
and have decreased survivorship (6,24). Certainly these issues
would be magnified in the CF cohort and could understand-
ably lead to the serious clinical effects seen.

We found no difference in BMI between groups. However,
previous studies (4,6) found that BMI was lower in CFRD
patients older than 15 years of age. The difference in our results
could be caused by the anabolic effect of insulin therapy; how-
ever, A1C values remained elevated suggesting that the effect
of insulin therapy was limited and another factor may be
responsible. The difference could also be caused by more
aggressive nutritional therapy. Alternatively, matching
patients may have removed the difference between groups
because CFRD patients were likely sicker than controls in
those studies. It is also possible that our study size was not large
enough to distinguish the difference found in previous studies.
We also found that patients with CFRD were not more likely
to be hospitalized after correcting for steroid treatment. 

The decline in pulmonary parameters and trend toward
increased mortality was only significant in female patients.

A matched study of patients with CFRD
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Figure 1) Mean forced expiratory volume in 1 s (FEV1) over time
with standard error. CFRD Cystic fibrosis-related diabetes
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Figure 2) Forced expiratory volume in 1 s (FEV1) over time accord-
ing to sex, with standard error. CFRD Cystic fibrosis-related diabetes
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Figure 3) Mean number of hospitalizations per year with standard
error. CFRD Cystic fibrosis-related diabetes
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While the lack of effect in males could have been, in part, due
to the lower number of male patients, previous studies also
found a difference only in female patients for FEV (25) and
mortality (16). This finding suggests that female CF patients
are more severely affected by CFRD, which could account for
a portion of the sex gap in overall CF survival. Some authors
have proposed that the effects of gonadal steroids on pul-
monary status may be responsible (16).

Our study has several limitations. Because we relied on
existing data to classify patients, some CFRD patients may have
been missed or misclassified as controls. Two patients later diag-
nosed with IGT were knowingly used in the control group;
therefore, dysglycemia contaminated the control group to at
least a small degree. Patients with B cepacia were excluded; the
prevalence of which was higher in CFRD patients. Five patients
could not be matched two years before diagnosis, thus failing to
take into account the prediabetic decline. However, all of the
above limitations would have only reduced the differences seen
between groups. Patients with CFRD also had a higher rate of
corticosteroid use at baseline, suggesting that they may have
been in worse clinical condition in spite of similar FEV1 values

at matchup. However, FEV1 appeared similar in the years lead-
ing to matchup (data not shown), suggesting that both groups
were trending downward at a similar rate, and steroid use was
included as a correcting factor. Accordingly, we believe that
our results were not substantially affected by any of the above
limitations.

CONCLUSIONS
We have shown that patients with CFRD have accelerated
worsening of pulmonary parameters, and a trend toward
increased mortality rates compared with equivalent CF con-
trols with normal glycemic tolerance. Female patients seemed
to be more severely affected. The difference in clinical out-
come observed suggests that early identification of CFRD
should be a priority for any CF care centre. 
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