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OBJECTIVE—The prevalence of cystic fibrosis-related diabetes (CFRD) has increased with
improved life expectancy of patients. Clinical and care characteristics were compared with type 1
diabetes mellitus (T1DM) in a multicenter analysis of pediatric data.

RESEARCH DESIGN AND METHODS —Auxological and treatment data from 47,227
patients aged younger than 21 years with CFRD or T1DM in the German/Austrian Diabetes
Prospective Documentation Initiative registry were analyzed by multivariable mixed regression
modeling.

RESULTS —Diabetes onset (mean [interquartile range]) occurred later in individuals with
CFRD (14.5 [11.8-16.3] years) than in individuals with TIDM (8.5 [4.9-11.8] years), with
female preponderance in CFRD (59.1% vs. 47.5%; P < 0.01). CFRD patients had lower BMI
standard deviation scores (—0.85 [—1.59 to —0.12] vs. +0.52 [—=0.10 to +1.16]; P < 0.01) and
lower HbA;. (6.87% vs. 7.97%; P < 0.01). Self-monitoring of blood glucose was more frequent
in patients with TIDM (4.5 vs. 3.5; P < 0.01); 72% of CFRD patients received insulin. In insulin-
treated patients, insulin dosage adjusted for age, sex, and diabetes duration differed significantly
(T1DM: 0.79 IE per kilogram of body weight; CFRD: 0.83 IE per kilogram of body weight). Use
of short-acting and long-acting insulin analogs was significantly more frequent in TIDM (47% vs.
39% and 37% vs. 28%; both P < 0.05). Metabolic control in CFRD patients without insulin was
better compared with CFRD on insulin (HbA;.: 6.00 vs. 7.12; P < 0.01), but duration of disease
was significantly shorter (0.8 years [0.1-2.4] compared with 2.4 years [0.6-4.6]). There was no
significant difference for BMI standard deviations scores between CFRD patients with or without
insulin treatment.

CONCLUSIONS —Pediatric patients with CFRD show clear auxological and metabolic differ-
ences from those with T1DM, with different treatment choices.
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ith improvement of therapy and
increasing life expectancy of cys-
tic fibrosis (CF) patients, second-
ary diabetes is becoming more frequent
(1) and is recognized as the most common
comorbidity, occurring in approximately

2% of children, 19% of adolescents, and
40-50% of adults (2). The reported prev-
alence of CF-related diabetes (CFRD)
varies depending on screening methods
and diagnostic criteria (3). The true bur-
den of the disease therefore may be
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underestimated (4). Because CFRD is of-
ten asymptomatic, annual screening for
CFRD in CF patients is recommended at
10 years of age and onward, using the oral
glucose tolerance test (5). Other parame-
ters, such as HbA,., fructosamine, urine
glucose, or random glucose levels, have
low sensitivity in the CF population
(6,7). Although positive results are highly
suggestive of diabetes, the use of these
tests alone will miss many cases of
CFRD (4).

Early detection of CFRD is important,
because weight loss, protein catabolism,
lung function decline, and mortality are
increased in CFRD (8,9). Because pediat-
ric diabetes centers usually provide care
for few patients with CFRD only, it is nec-
essary to advance knowledge of the char-
acteristics of this type of diabetes, which
is a distinct clinical entity with unique
features that has been described in a re-
cent technical review (8).

The etiology of CFRD is complex,
likely consisting of a combination of in-
sulin deficiency and insulin resistance.
Additional risk factors are a genetic pre-
disposition toward the development of
diabetes (2,10,11), exocrine pancreatic
insufficiency, liver disease (1), chronic in-
flammation, exogenous glucocorticoids,
female sex, and older age (1). Tt is well-
known that insulin therapy stabilizes lung
function and improves nutritional status
in patients with CFRD (12,13). Patients
with CFRD are insulin-insufficient and,
based on available data, insulin is the rec-
ommended therapy for these patients
(14). At the onset of CFRD, most patients
only need a low dose of short-acting in-
sulin before meals to control blood glu-
cose. With disease progression and
increasing insulin deficiency, intensifica-
tion of insulin therapy is necessary.

Type 1 diabetes mellitus (T1DM) is
the most frequent kind of diabetes in the
pediatric population; therefore, its char-
acteristics are well-described (15). In
T1DM, autoimmunity leads to a destruc-
tion of B cells and finally to absolute in-
sulin deficiency. To better define the
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CFRD compared with TIDM in pediatrics

characteristics of CFRD, we compared
CFRD to T1DM in pediatric patients
who were followed up in a nationwide
multicenter register.

RESEARCH DESIGN AND
METHODS

Data collection

Data were collected during routine care
from specialized diabetes centers in Ger-
many and Austria by means of a comput-
erized documentation called the Diabetes
Prospective Documentation Initiative
(Diabetes Patienten Verlaufsdokumentation
[DPV]). The DPV register started in 1995
in Germany on a nationwide basis. For
quality management, all centers use the
same computer-based program for con-
tinuous documentation of treatment and
outcome (16). Three-hundred thirty-five
diabetes centers (including eight centers
from Austria) contributed to this analysis.
Participating centers transmit anony-
mous, standardized, prospective data
from all their diabetic patients for central
validation, benchmarking, and research
twice per year to the central administra-
tive unit in Ulm (Germany). To ensure
optimal data plausibility, all inconsistent
data are reported back to the respective
centers for correction every 6 months
(16). Sex, age, diabetes duration, type of
diabetes, migration background, BMI,
height, weight, insulin requirement, and
number of severe hypoglycemia and
HbA,. levels are documented. By March
2011, the total number of patient visits
documented in the system was
2,008,389 from 242,153 diabetic pa-
tients. Total number of pediatric patient
visits (younger than 20 years of age) was
870,531 from 51,307 patients; 48,368
(94%) of these patients had T1DM, 864
(2%) had type 2 diabetes mellitus
(T2DM), and 1,930 (4%) had other types
of diabetes mellitus. This group included
381 patients with CFRD (0.7% of total
patient population).

Patients

Analyses based on the last 12 months of
care documented in each patient for
47,227 patients who fulfilled the inclu-
sion criteria with complete data and a
pediatric onset (younger than 20 years of
age) of either CFRD (n = 381) or T1IDM
(n = 46.846) were performed. Only re-
cords from patients 21 years of age or
younger at the time of the visits were in-
cluded. Migration background was de-
fined as at least one parent not born in

Germany or Austria. In addition, a sub-
population of patients with complete data
was observed during the first (total: n =
8,805; CFRD: n=163; TIDM: n = 8,642)
or fifth year (total: n = 6,335; CFRD: n =
42; TIDM: n = 6,293) of diabetes.

Anthropometry

Height and weight standard deviation
scores (SDS) were calculated using con-
temporary, officially recommended na-
tional reference data for German children
from Kromeyer-Hauschild (17). BMI val-
ues were adjusted for age and sex using
BMI SDS. Definitions of underweight,
overweight, and obesity in children and
adolescents were based on BMI as follows:
BMI values >90th percentile for age and
sex were defined as overweight; BMI val-
ues >97th percentile were defined as
obesity; and BMI values >99th percentile
were defined as extreme obesity. BMI val-
ues <10th percentile for age and sex were
considered underweight (18). Arterial hy-
pertension was defined as blood pressure
>95th percentile according to the Amer-
ican Heart Association’s normal values

(19).

Metabolic control

HbA . measurements from different cen-
ters were mathematically standardized to
the Diabetes Control and Complications
Trial reference range of 4.05-6.05% using
the multiple of the mean method (20).

Treatment modalities

Treatment regimen was categorized as
insulin therapy alone, use of oral antidi-
abetic drugs (sulphonylureas, glinides
with or without insulin), or nonpharma-
cological treatment with lifestyle modifi-
cation only. Insulin therapy was
documented as the number of daily in-
jections or continuous subcutaneous in-
sulin infusion (CSII), daily insulin dose
per kilogram of body weight, and the use
of long-acting or rapid-acting insulin
analogs.

Statistical analysis

Data were analyzed using the SAS statis-
tical software package (version 9.3; SAS
Institute Inc., Cary, NC) and presented as
median and interquartile range or per-
centage. For group comparison of con-
tinuous variables, Kruskal-Wallis test was
used. Binary variables were compared by
X" test. Because multiple tests were per-
formed, P values were adjusted using the
Bonferroni step-down correction (method
of Holm). To adjust for confounding effects

of age, sex, and diabetes duration, multi-
variable mixed regression analysis was
applied including a random term for treat-
ment center in the model with Cholesky
covariance structure. P < 0.05 was con-
sidered statistically significant. For graph-
ical representation (Fig. 1), data of HbA;.
and BMI were calculated for a typical pa-
tient with chronological age of 15 years
and 2 years of diabetes, assuming equal
sex distribution.

RESULTS

Clinical data

Anthropometric and clinical data of pe-
diatric patients with CFRD or T1DM are
given in Table 1. Diabetes diagnosis was 6
years later in CFRD patients, 14.5 years
(quartile 1-quartile 3: 11.8-16.3) com-
pared with T1DM, 8.5 years (quartile 1—
quartile 3: 4.9-11.8) (P < 0.001). A fe-
male preponderance was found for
CFRD, 59.1% were female compared
with 47.5% with T1IDM (P < 0.001).
There was no significant difference be-
tween groups for migration background
(T1IDM, 15%; CFRD, 14%; P = 1.0).
CFRD patients were shorter (height
SDS, —1.30; —2.25 to —0.43) and had
lower body weight (weight SDS, —1.51;
—2.49 to —0.68), resulting in a lower
BMI (BMI SDS, —0.85; —1.59 to
—0.12) compared with TIDM patients
(height SDS, —0.04; —0.72 to +0.63;
weight SDS: +0.43; —0.23 to +1.09;
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Figure 1—Data of HbA, . and BMI calculated
for a typical patient with chronological age of
15 years and 2 years of diabetes, with equal sex
distribution. Both P < 0.0001. BMI SDS: es-
timate * 95% CI.
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Table 1—Demographic data and clinical characteristics for young TIDM and

CFRD patients

T1DM CFRD Corrected P

All patients, n (%) 46,846 (99.2) 381 (0.8)

Male/female, % 52/48 41/59 <0.001
Migration background, % 15.4 14.2 NS
Age, years 14.85 (11.10-17.40) 16.9 (15.10-18.50) <0.001
Age at diagnosis, years 8.50 (4.90-11.80) 14.50 (11.80-16.30) <0.001
Duration of diabetes, years ~ 4.70 (2.00-8.10) 1.90 (0.45-4.05) <0.001
Height SDS —0.04 (—0.72t0 +0.63) —1.29 (—2.25t0 —0.43) <0.001
Weight SDS +0.43(=0.23t0 +1.09) —1.51 (—2.49 to —0.68) <0.001
BMI SDS +0.52 (=0.10to +1.16) —0.85(—1.59 to —0.12) <0.001
HbA,., % 7.97 (7.11-9.15) 6.87 (5.96-8.28) <0.001

Data are shown as median (lower—upper quartile) or percentage, if not otherwise indicated. NS, not signif-

icant.

BMI SDS, +0.52; —0.10 to +1.16; all P <
0.001). The rates of overweight and obe-
sity were higher in T1DM, with 2% of
patients being extremely obese, 6% obese,
13% overweight, and only 79% of pa-
tients with normal weight. In compari-
son, none of the CFRD patients was
extremely obese or obese, and just 1.3%
of CFRD patients were overweight. In
contrast, the rate of underweight was sig-
nificantly higher in the CF group (31.5%
vs. 3% in T1DM).

Glycemic control, measured by
HbA,., was better in CFRD than in
T1DM (6.87% [6.00-8.30%] vs. 7.97%
[7.11-9.20%]; P < 0.001).

There were no significant differences
between the two groups with regard to
diabetes complications such as retinopa-
thy (T1DM 1.7% vs. CFRD 3.0%; not
significant) or nephropathy (T1DM
12.6% vs. CFRD 7.7%; not significant),
but 26% of T1DM patients were hyper-
tensive compared with only 9.7% in the
CFRD group (P < 0.001).

Data on diabetic ketoacidosis (DKA)
and initial blood glucose at diabetes
onset also were analyzed. None of the
CFRD patients presented with ketoacido-
sis (pH <7.3), whereas 17% of patients
with T1DM presented with DKA. Blood
glucose levels at diabetes onset were
documented for 35,395 patients with
T1DM and 267 CFRD patients. We found
significant differences with blood glucose
levels of 249 mg/dL (180.0-331.0) in
TIDM and 194.0 (126.0-272.0) in
CFRD at diagnosis of diabetes (P <
0.001).

In addition, subpopulations of our
patients were observed 1 year (n = 8,805)
or5 (n=6,335) years after the diagnosis of
diabetes. After 1 year of diabetes, CFRD

patients also had lower HbA,. (6.46%
[5.84-7.43%] vs. 7.68% [6.70 — 9.30%];
P < 0.0001), were shorter (height SDS:
—1.16 [—2.09 to —0.33]), and had lower
body weight (weight SDS: —1.61 [—2.57
to —0.69]), resulting in a lower BMI (BMI
SDS, —1.02 [—1.93 to —0.27]) compared
with T1DM patients (height SDS, 0.11
[—0.53 to 0.77]; weight SDS, 0.26
[—0.42 to 0.95]; BMI SDS, 0.26 [—0.40
to 0.96]; all P < 0.0001). Differences in
auxological parameters persist 5 years after
the diagnosis of diabetes with height SDS
of —1.60 (—2.84 to —0.69), weight SDS
of —=1.73(—2.51to —0.83), and BMI SDS
of —0.92 (—1.63t0 —0.40) in CFRD com-
pared with T1DM (height SDS, —0.01
[—0.67 to —0.65]; weight SDS, 0.48
[-0.14 to —1.11]; BMI SDS, 0.57
[—0.01t01.17],all P=0.0001). Glycemic
control, measured by HbA,., becomes
similar in both groups after 5 years
(CFRD 7.88% [6.67-9.40%] vs. TIDM
7.89% [7.10-8.93%]). However, after ad-
justment for age and sex, a difference in
HbA,;. was still present (CFRD 7.81 vs.
T1DM 8.36; P < 0.05).

Treatment

Treatment modalities differed between
the two groups, as summarized in Table
2. All patients with T1DM received insu-
lin therapy (99.4% insulin alone, 0.6% in
combination with metformin), whereas in
CFRD 72% of patients were treated with
insulin (67% insulin alone, 5% in combi-
nation with OAD; P < 0.001). In insulin-
treated patients with TIDM, 12% were
treated with conventional therapy (one
to three injections per day), 64% were
treated with multiple injections (four to
eight injections per day), and 23% were
treated with CSII. In insulin-treated
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patients with CFRD, 41% received con-
ventional therapy, 54% received multiple
injections of insulin, and only 5% were
treated with CSII (P < 0.001). Fast-acting
insulin analogs were used more fre-
quently in T1IDM patients (47% vs.
39%; P < 0.05). Similarly, the use of
long-acting insulin analogs was signifi-
cantly more frequent in T1DM than in
CFRD (37% vs. 28%; P < 0.01).

Insulin dose per kilogram of body
weight, analyzed without adjusting for
confounding effects, did not differ signif-
icantly between the two groups (T1DM
0.82[0.65-1.02] vs. CFRD 0.80 [0.40 —
1.14]; not significant). However, after ad-
justment for age, sex, and diabetes
duration, a significant difference was
present (T1IDM 0.79 vs. CFRD 0.83; P
< 0.05).

In the CFRD group, oral antidiabetic
agents (sulfonylureas, glinides) alone
were used by 8% of the patients; 20% of
the CFRD patients were treated with
nonpharmacological therapy only (life-
style intervention). Corticosteroid use
was documented in 18% of all CFRD
patients, whereas 0.3% of 47,227 T1DM
patients had received systemic steroids
as a comedication during the course of
their disease (P < 0.001).

Out of 46,846 patients with T1DM,
73% were treated in diabetes centers with
>100 patients compared with 62% of
381 patients with CFRD (P < 0.001). Af-
ter adjustment for sex, age, and diabetes
duration, this difference was no longer
present (T1DM 56.2% vs. CFRD 55.9%;
not significant). In CFRD, 70% of all pa-
tients were treated at universities; how-
ever, for TIDM only 31% of all patients
were treated at universities (P < 0.001).

Significant differences were also
found for self-monitoring of blood glu-
cose (SMBQ) per day (T1DM, 4.6; CFRD,
3.7; P < 0.001) and number of visits per
year (T1DM, 3.30; CFRD, 2.12; P <
0.001).

In addition, we investigated differ-
ences with regard to metabolic control
and BMI in CFRD patients treated with or
without insulin. Our results are demon-
strated in Table 3. The corrected P values
for HbA,. showed significant differences,
with better metabolic control in patients
without insulin therapy compared with
CFRD patients with insulin treatment
(HbA,., 6.00% [5.56-6.76%] vs. 7.12%
[6.14-8.67%]; P < 0.001). However, du-
ration of disease was significant shorter in
patients without insulin treatment: 0.8
years (0.1-2.4) compared with 2.4 years
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Table 2—Treatment modalities and control in
patients

CFRD compared with TIDM in pediatric

T1DM CFRD Corrected P
Patients, n (%) 46,846 (99.2) 381 (0.8)
Treatment type
Insulin alone, % 99 .4 67.0 <0.001
OAD alone, % 0 8.0 <0.001
Insulin plus OAD, % 0.6 5.0 <0.001
Lifestyle modification only 0 20.0 <0.001
Insulin dose, 1E/kg body weight 0.82 (0.65-1.02) 0.8 (0.40-1.14) NS
CSII:MDI:CT, % 23.5:64.4:12.1 5.0:54.0:41.0 <0.001
Steroid therapy, % 0.3 18.4 <0.001

Data are shown as median (lower—upper quartile) and percentile. OAD, oral antidiabetics; NS, not significant;
MDI, multiple daily injections (4—8 injections per day); CT, conventional treatment (1-3 injections per day).

(0.6-4.6; P < 0.001). There was no sig-
nificant difference for BMI SDS between
patients without insulin (BMI SDS,
—0.78 [—1.58 to —0.12]) compared
with insulin-treated patients with CFRD
(BMI SDS, —0.85 [—1.61 to —0.12]). If
not otherwise stated, then all described
differences could be confirmed after data
were adjusted for confounding effects of
age, sex, and diabetes duration.

All patients with T1DM received in-
sulin 1 year and 5 years after diabetes
diagnosis. In the CFRD group, only 59%
of patients received insulin after 1 year.
This percentage increased 5 years after
diagnosis, when 88% of CFRD patients
were treated with insulin.

Insulin dose per kilogram of body
weight, adjusted for age and sex, did not
differ significantly between the groups (1
year: CFRD 0.69 vs. T1IDM 0.67; 5 years:
CFRD 0.95 vs. T1DM 0.90; both not
significant).

In both groups, insulin pump therapy
and multiple daily injections were used
more often 5 years after diagnosis com-
pared with the first treatment year. In

insulin-treated patients with T1DM,
23.3% were treated with conventional
therapy, 66% were treated with multiple
daily injections, and 10.7% were treated
with CSII 1 year after diabetes diagnosis.
After 5 years of diabetes, only 9.6% of
T1DM patients were treated with conven-
tional therapy, 63.3% were treated with
multiple daily injections, and 27.1% were
treated with CSII. Similar changes are
found in CFRD. One year after diabetes
diagnosis, 59% of patients were treated
with insulin, 25.2% of all patients were
treated with conventional therapy, 33.1%
were treated with multiple daily injec-
tions, and 6% were treated with CSII. Five
years after diagnosis, 88.1% of CFRD
patients were treated with insulin,
33.3% were treated with conventional
therapy, 52.4% were treated with multi-
ple daily injections, and 24% were treated
with CSIIL. Similar to changes in insulin
injections, use of short-acting and long-
acting insulin analogs increased during
the first 5 years of diabetes. In both T1IDM
and CFRD, insulin analogs were used
more often 5 years after diagnosis

Table 3—Demographic data and clinical characteristics for young CFRD patients with

and without insulin treatment

CFRD with insulin

CFRD without insulin Corrected P

282 (74.02)
40/60

All patients, n, %
Male/female, %

Age, years 17.10 (15.40-18.60)
Age at diagnosis,
years 14.40 (11.80-16.10)

Duration of
diabetes, years

BMI SDS

HbA,, %

2.40 (0.60-4.60)
—0.86 (—1.61 to —0.12)
7.12 (6.14-8.67)

99 (25.98)
45/55 NS
16.60 (12.95-18.40) NS
14.80 (11.60-16.80) NS
0.80 (0.10-2.40) <0.001
—0.78 (—1.58 to —0.12) NS
6.00 (5.56-6.76) <0.001

Data are shown as median (lower—upper quartile) or percentage. NS, not significant.

(short-acting: CFRD 45.9% vs. T1DM
52.5%; long-acting: CFRD 40.5% vs.
T1DM 34.8; not significant) compared
with the first year (short-acting: CFRD
40.1% vs. TIDM 35.1%; long-acting:
CFRD 18.8% vs. T1IDM 20.0%; not sig-
nificant).

CONCLUSIONS —Our data show
that patients with CFRD have clear de-
mographic and metabolic differences
compared with patients with TIDM. Pre-
vious data described female sex as a risk
factor for development of CFRD (3). In
our cohort, 59% of CFRD patients were
female. In comparison, in T1DM, male-
to-female ratio was close to 1. Hormonal
differences and later onset of CFRD in ad-
olescence or young adulthood are possi-
ble explanations. Estrogen and its
receptors are especially important regula-
tors of body weight and insulin sensitivity
(21,22). In our analysis, diabetes diagno-
sis was later in CFRD than in TIDM. Our
data show that patients with CFRD differ
from patients with T1DM in auxological
parameters. CF patients have a significant
reduction in height and weight and a
lower BMI. This is concordant with pre-
vious data. In a recent retrospective anal-
ysis, growth velocity was significantly
lower in children with CFRD compared
with controls matched for age, sex, and
CF mutation (23). Reduced height and
BMI are attributable to recurrent infec-
tions, exocrine pancreatic insufficiency,
calorie loss because of malabsorption,
and increased work of breathing. These
differences in auxological parameters per-
sist on follow-up, reflecting disease pro-
gression of CF.

In T1IDM, DKA is a frequent acute
complication at diabetes onset and
remains a major cause of hospitalization
and death in children and adolescents
with diabetes (24,25). Previous data de-
scribed that DKA also can occur at the
time of initial presentation during the
clinical course of CFRD, but DKA is rare
in children with CFRD, most likely be-
cause of the persistence of endogenous
insulin secretion or because glucagon se-
cretion also is impaired (26). In our anal-
ysis, ketoacidosis at onset was not present
in patients with CFRD, in contrast to
T1DM.

For glycemic control after disease
onset, we compared HbA; . levels. In con-
trast to TIDM, patients with CFRD pres-
ent with recurrent infections and
hemolysis that influences HbA,, levels,
which are often falsely low in patients
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with CF (6,7). In our study, HbA;. in
CFRD was lower than in TIDM. Further
investigations are needed to establish
whether therapeutic goals for HbA;.
should be the same for CFRD and
T1DM. Interestingly, HbA,. levels be-
came similarin TIDM and CFRD in a sub-
group of patients after 5 years of diabetes.
Worsening in glycemic control in the CF
group might be attributable to less follow-
up visits and still less intense treatment
compared with T1DM, systemic steroids,
or recurrent exacerbations.

After the diagnosis of CFRD is made,
the American Diabetes Association (ADA)
recommends quarterly visits to a multi-
disciplinary team with expertise in di-
abetes and CF. Furthermore, similar to
treatment of other patients with diabetes,
HbA,. should be measured every 3
months (14). In our data, CFRD patients
were followed-up less frequently in dia-
betes centers than T1DM patients. Pa-
tients with CFRD were seen twice per
year compared with TIDM patients,
who were seen three to four times. Fewer
visits to diabetes centers for CF might be
explained by additional visits to CF clinics
or less intense treatment.

To safely achieve glucose goals, ADA
recommends that all patients using in-
sulin should perform SMBG at least three
times daily (27). In our analysis, SMBG in
CFRD was performed three to four times
daily in accordance to ADA guidelines. In
T1DM, SMBG was more frequent, on av-
erage four to five times daily.

Diabetes microvascular complica-
tions, such as retinopathy or nephropa-
thy, have been described in case reports
and small series of CFRD patients. In
Denmark, 36% of patients with >10
years of duration of diabetes were repor-
ted to have retinopathy (28). In a larger
series of 285 CFRD patients, none of the
patients without fasting hyperglycemia
had microvascular complications; in
those with fasting hyperglycemia, com-
plications were rare before 10 years of du-
ration (29). Of the 39 patients who had
CFRD with fasting hyperglycemia of >10
years duration, microalbuminuria was
found in 14% and retinopathy was found
in 16%. Other studies described similar
risk for development of microvascular
complications compared with T1IDM
(28,30). The risk is related to duration
and progression of the primary disease
and inversely to metabolic control of di-
abetes. In our cohort, disease duration
was <10 years. This is the most likely
explanation for us finding less

microvascular complications in our co-
hort. The prevalence of diabetes micro-
vascular complications appears to be
lower in CFRD, but it remains important
to screen annually for these complica-
tions, starting 5 years after diagnosis
(27). Macrovascular complications have
not been described among the CFRD
population (29). With regard to hyper-
tension, we found a higher risk in pediat-
ric patients with TIDM. Our results
concur with previous data on the risk of
hypertension and other cardiovascular
risks in young patients with TIDM (15).
In adult CF patients, hypertension also is
not uncommon, particularly after trans-
plantation (28) or with systemic steroids.
In our pediatric cohort, hypertension in
CFRD was less frequent compared with
T1DM. Nevertheless, patients with
CFRD should have their blood pressure
measured at every routine diabetes visit,
as recommended by the ADA guidelines
Q7).

Because the major cause of diabetes in
CF seems to be severe insulin insuffi-
ciency, insulin therapy is recommended.
Furthermore, acute illness, use of cortico-
steroids, and other therapeutic agents are
associated with increased insulin resis-
tance and altered insulin release (10,31),
complicating therapy in CF patients. In
our cohort, use of corticosteroids was
documented in 18% of patients with
CFRD.

To improve weight gain and lung
function, and to avoid infections, current
guidelines stated insulin therapy should
be started as soon as the CFRD diagnosis
is made to benefit from anabolic effects of
insulin (12,13). Basis—bolus insulin regi-
men is recommended as first choice to
avoid postprandial hyperglycemia (14).

Treatment regimen differed in both
groups. Insulin pump therapy was espe-
cially less frequent in CFRD. Recent data
demonstrated efficiency of insulin pump
therapy. In a group of nine adults with
CFRD, 6 months of insulin pump therapy
was associated with improvements in
body weight, lean muscle mass, glycemic
control, and a decrease in protein catab-
olism and hepatic glucose output as
compared with their baseline status using
basal subcutaneous insulin injections
(32). Pumps allow easy adjustment in
basal rates during episodes of increased
insulin resistance or variable carbohy-
drate intake, such as continuous tube
feeding (33). To prove a long-time benefit
of insulin pump therapy compared with
other treatment regimen, further studies
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over a longer period of time with larger
patient numbers are necessary.

Our subgroup analysis at 1 year or 5
years of diabetes showed that insulin
pump therapy was used more frequently
with increasing diabetes duration in both
patient groups. This reflects intensifica-
tion of diabetes therapy in response to
deteriorating metabolic control.

To describe differences within the
CFRD patient group, we compared
CFRD patients with and without insulin
therapy. Patients with insulin therapy in
our cohort had a longer duration of
disease and their metabolic control was
worse than in patients without insulin.

With regard to BMI SDS, no differ-
ence was found between insulin-treated
or noninsulin-treated patients. We could
not analyze longitudinal data once insulin
therapy was started. According to pub-
lished data, improvement in metabolic
control and BMI should be expected (34).

In addition to recommendations for
insulin treatment, the available data sug-
gest that oral antidiabetic agents are not as
effective as insulin to improve glycemic
control, weight, protein anabolism, pul-
monary function, and survival in CFRD
(34-36). In small case or cohort studies of
CFRD patients, oral sulfonylureas or gli-
nides have shown limited benefit in im-
proving insulin secretion and glycemic
control. In our cohort, 8% of patients
with CFRD in Germany and Austria are
treated with oral antidiabetic agents
alone, and 20% of the CF patients re-
ceived nonpharmacological therapy. In
T1DM, oral antidiabetic agents were
used in addition to insulin for a very small
number of patients. These patients re-
ceived metformin to improve glycemic
control in cases of insulin resistance dur-
ing puberty (37). However, a recent sys-
temic literature study concluded that
additional benefit by adding metformin
in T1DM remains unclear (38).

In insulin-treated patients, insulin
dose per kilogram of body weight ad-
justed for age, sex, and diabetes duration
differed significantly between patients
with CFRD and T1DM. High caloric in-
take, including carbohydrates, insulin re-
sistance, and use of corticosteroids in
CFRD might be possible explanations
for high insulin requirement in CFRD.

In conclusion, the results of our
multicenter analysis of current DPV data
show statistically significant demo-
graphic, clinical, and treatment differen-
ces between pediatric CFRD and T1DM
patients. CFRD shares some features with
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T1DM, but it is a special entity of diabetes
with specific characteristics. With pro-
gression of CFRD, treatment modalities
and glycemic control become more sim-
ilar to T1DM, whereas differences in
auxological parameters persist.
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