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Abstract

Background: Historically, intensive insulin therapy for type | diabetes (TI1D) has improved glycemic control at the risk
of adverse weight gain. The impact of continuous subcutaneous insulin infusion therapy (CSIl) on weight in the current era
remains unknown. We assessed changes in hemoglobin Alc (HbAlc) and weight in adults with T1D transitioning to CSII at
2 diabetes centers in Denmark and the United States.

Methods: Patients with T1D, aged >18 years, managed with multiple daily injections (MDI) who transitioned to CSII between
2002 and 2013 were identified using electronic health record data from the Steno Diabetes Center (n = 600) and Joslin
Diabetes Center (n = 658). Changes in HbA | c and weight after | year was assessed overall and by baseline HbA | ¢ cut points.
Multivariate regression assessed correlates of HbA | c reduction.

Results: In adults with TID transitioning to CSlI, clinically significant HbAl ¢ reductions were found in patients with baseline
HbAIc 8.0-8.9% (Steno, —0.7%; Joslin, —0.4%) and baseline HbAlc >9.0% (Steno, —1.1%; Joslin, —0.9%) (P < .005 for all).
Overall, there was no significant change in weight after | year at either center. Modest (<2%) weight gain was noted in
patients with baseline HbAlc >9% at Steno (1.l + 0.3 kg, P <.0001) and Joslin (1.7 £ 1.1, P < .005). In multivariate models,
HbA Ic reduction was associated with higher HbAlc, older age, female sex at Steno (R* = .28, P < .005), but only higher
baseline HbA I c at Joslin (R* = .19, P < .005).

Conclusion: Adults with T1D with suboptimal glycemic control significantly improved HbA | ¢ without a negative impact on
weight | year after transitioning from MDI to CSII.
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Poor metabolic control in individuals with type 1 diabetes (T1D)
is associated with increased risk for diabetes complications.”
Intensive insulin therapy has been associated with lower HbA Ic,
but also with greater risks of hypoglycemia and adverse weight
gain.' Continuous subcutaneous insulin infusion (CSII), or insu-
lin pump, therapy has been associated with a reduced number of
severe hypoglycemic events as well as reduced glycemic vari-
ability.>* Meta-analyses of randomized controlled trials show
that CSII lowers HbAlc by 0.3% compared to multiple daily
injections (MDI) in adults.’ As for any glucose-lowering treat-
ment, the relative benefit of CSII over MDI increases with higher
baseline HbA1lc.>® Meanwhile, the effect of CSII treatment on
body weight is controversial. To the best of our knowledge no

multinational comparisons of health outcomes following pump
initiation in adults with T1D has been presented. Steno Diabetes
Center and Joslin Diabetes Center are 2 large specialized
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diabetes clinics situated in the Denmark and the United States,
respectively. Steno and Joslin take care of about 5800 and 25000
adult patients with diabetes on an ongoing basis, respectively.
Electronic health records, available at both centers, provide the
opportunity to assess outcomes associated with insulin pump use
across large cohorts.

Our objective was to describe changes in HbAlc and
weight after 1 year in adults with T1D transferring from MDI
to CSII. Furthermore, we evaluated changes in HbAlc and
weight according to baseline glycemic control and to assess
patient-related parameters associated with change in HbAlc
after 1 year.

Methods

Study Population

Eligible persons were aged 18 years or older and had type 1
diabetes managed using MDI therapy receiving care at the
Steno Diabetes Center (Gentofte, Denmark) or the Adult
Diabetes Section at the Joslin Diabetes Center (Boston, MA,
USA). The Steno cohort initiated CSII between January
2002 and December 2013. The Joslin cohort transitioned to
CSII between November 2002 and November 2012; patients
who transitioned in Joslin’s Pediatric, Adolescent, and Young
Adult Section were excluded.

From 2002 to 2005, patients at Steno were admitted to the
ward and insulin pump therapy was started on an individual
basis. After 2005, carbohydrate counting is optimized before
CSII initiation. Pump treatment is initiated in a group setting
during a 4-day course. Following the pump course, the
patient is seen in consultations with a diabetes nurse, an
endocrinologist and a dietitian after 1 and 2 months before
resuming regular consultations with the diabetes team. At
Joslin, the patient’s clinical and educational needs are evalu-
ated during a pump assessment appointment. Foundations of
pump therapy are taught in a 4-hour course before pump
treatment is started in individual or group sessions. Two fol-
low-up visits are performed, along with nutrition education
and exercise fine-tuning prior to returning to routine follow-
up with the diabetes team.

Data Collection

Demographic, clinical, and laboratory data were extracted
from the diabetes centers’ electronic health records. Steno
uses a customized electronic patient record system based
on DocuLive (version 4.9.3.0 DLEPR, Siemens Nixdorf,
Munich, Germany) implemented in 2001. Joslin uses a cus-
tomized electronic health record based on the NextGen
EHR platform (version 5.6, Horsham, PA, USA) imple-
mented in 1999.

Primary outcome measures were change in HbAlc and
change in weight (kg) 1 year following transition from MDI
to CSII overall and according to HbAlc cut points: <7.0%,

Table I. Characteristics of Adults With Type | Diabetes
Transitioning to CSII.

Steno (n = 600) Joslin (n = 658)

Age (years) 40 + 14 (18-76) 42 + 13 (19-75)
Sex (% male) 38 47
Diabetes 22 £ 13 (1-69) 19 + 13 (0-64)
duration (years)
Insulin dose 0.7 £0.3 (0.2-2.1) N/A
(units/kg/day)
HbAlc (%)
Baseline 84+ 1.2(4.2-13.1) 7.8+ 1.2 (4.8-14.1)
Follow-up 781 1.1 (4.7-12.4) 7.7 £ 1.1 (4.0-12.8)
Weight (kg)
Baseline 76 £ 14 (36-121) 78 £ 17 (46-155)
Follow-up 76 £ 14 (37-126) 78 £ 18 (41-169)

Interval from CSlI start (days) (median [IQR])
-3 (-1lto-1)
302 (271 to 341)

Baseline
Follow-up

—66 (—105 to ~36)
357 (322 to 399)

Data are mean * SD (range) unless otherwise noted. N/A, not available.

7.0-7.9%, 8.0-8.9%, >9.0%. At Steno and Joslin, baseline
HbAlc and weight were the most recent values within 12
months prior to pump initiation. At Steno, follow-up HbAlc
and weight after 1 year was defined using the first value 9
months following pump start date. At Joslin, follow-up
HbAlc after 1 year was defined using the value closest to 12
months after start date, ranging from 9 to 15 months (Table
1) and follow-up weight was defined using the value closest
to 12 months after start date, ranging from 6 to 18 months.
Suboptimal glycemic control was defined as HbAlc >8%.

Statistical Analysis

Steno and Joslin data were analyzed as separate cohorts.
Descriptive statistics were used for patient characteristics.
Spearman correlations and t-tests were used to determine
univariate associations. Multivariable linear regression was
used to assess factors associated with change in HbAlc. A P
value < .05 determined statistical significance. Statistical
software included SAS v.9.2 (SAS Institute, Cary, NC, USA)
and NCSS (NCSS Software, Kaysville, UT, USA). The anal-
ysis was conducted as a quality improvement project at Steno
and did not require review by the local Ethics Committee.
This study was approved by the Joslin Diabetes Center’s
Committee on Human Studies and was determined to meet
the definition of research not requiring informed consent.

Results

Patient characteristics are shown in Table 1. Overall, patients
were 42 £+ 13 and 40 + 14 years of age at Joslin and Steno,
respectively, with a long duration of diabetes. The percentage
of males was higher in the Joslin cohort compared to the Steno
cohort (47% vs 38%). Baseline HbAlc was higher at Steno
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Figure |. Clinical outcomes | year after transition to CSII: (A)
change in HbA | c by baseline HbA I c cut points (*P < .0001 for
difference between baseline and |-year outcome) and (B) change
in weight (kg) by baseline HbAlc cut points. *P < .0001, TP < .005
for difference between baseline and |-year outcome.

compared to Joslin (8.4 £ 1.2% vs 7.8 + 1.2%). HbAlc levels
at follow-up were comparable (Steno, 7.8 = 1.2% vs Joslin, 7.7
+ 1.1%). Baseline weight was similar at both centers.

Overall, changes in HbAlc were inversely correlated with
baseline HbA ¢ for both cohorts (Steno, »=-.46, P<.0001 and
Joslin, r = —43, P < .0001). Change in HbAlc was modestly
correlated with change in weight at Steno (r=—.12, P <.05), but
not at JDC (r =-.03, P = .4). In both cohorts, clinically signifi-
cant reductions in HbAlc were noted in patients with baseline
HbA1c >8% (Figure 1). For Joslin patients with baseline HbAlc
<7%, the mean HbA 1¢ increased, but remained <7% at follow-
up (6.4 £ 0.5%). Overall, weight was stable in both cohorts 1
year after pump initiation. In both groups, modest weight gain
was only noted in patients with baseline HbA 1¢ >9% represent-
ing an average increase of <2% in total body weight.

In a significant multivariate model (R* = .28, P < .0001)
controlling for age, sex, diabetes duration, and baseline
weight, higher baseline HbAlc (f = —0.4, P <.0001), older

age (B =—0.07, P =.03) and female sex (B = 2.6, P = .02)
were significantly associated with change in HbAlc 1 year
following CSII initiation at Steno. In a significant multivari-
ate model (R* = .19, P <.0001) controlling for age, sex, dia-
betes duration, and baseline weight, only higher baseline
HbAlc (B = —0.3, P < .0001) was significantly associated
with change in HbAlc 1 year following CSII initiation at
Joslin.

Discussion

CSII treatment is a well-established tool to improve the meta-
bolic control of individuals with T1D. We conducted a retro-
spective, observational investigation of the effect of transitioning
from MDI to CSII on 1-year changes in HbAlc and weight in 2
large, real-world multidisciplinary diabetes centers in Europe
and the United States. We found clinically significant reductions
in HbAlc in patients with suboptimal glycemic control without
adverse effects on weight that are commonly associated with
insulin-induced improvement of glycemic control.

A previous study in pediatric and adolescent cohorts
found a slightly lower HbAlc following CSII initiation in
Italy compared to Spain and Canada, but to the best of our
knowledge no previous multinational comparisons of health
outcomes following pump initiation in adults with T1D has
been published.”” We found that HbA 1¢ prior to CSII initia-
tion was lower in the American population than in the Danish.
This may be related to differences in indication for CSII use
at both centers. In Denmark, patients with T1D often start
CSII treatment if the HbAlc is above 7% despite attempts
optimize treatment on MDI, whereas HbAlc <7% is not
viewed as contraindication to CSII consideration at Joslin.

Patients with an HbAlc >8% achieved clinically signifi-
cant HbAlc reductions 1 year after pump initiation at both
centers. This is in accordance with meta-analyses™® and a
recent retrospective study,'’ showing that the relative benefit
of CSII over MDI is increased with higher baseline HbAlc.

We found body weight to be stable in both cohorts 1 year
after CSII initiation. In a meta-analysis including 2 studies of
1 to 4 years of duration, the mean difference of weight was
estimated to be —1.6 kg in favor of CSII compared to MDI.?
These studies were small, involving only 23-30 participants
each. Additional studies have shown an increased®'" (n = 138
and 295) or unchanged'*" (n = 126 and 23) bodyweight after
2 to 10 years of treatment. In comparison, our study included
1,258 patients and represent what might be expected in a real-
life clinical setting. In addition, insulin dose may impact
changes in weight during intensification of diabetes manage-
ment. Meta-analyses have shown a reduction in insulin doses
of 0.14 U/kg when CSII is initiated.” At Steno, where informa-
tion on insulin doses was available, insulin doses were rou-
tinely reduced by 20% when CSII was initiated.

A strength of the present study was the comparison of 2
large, real-world adult T1D cohorts over a 10-year period.
Patients in both cohorts were receiving care by
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multidisciplinary care teams prior to CSII transition which
should limit the impact of the specialty care setting on
observed outcomes. To the best of our knowledge, the pres-
ent analysis is one of the largest, multinational evaluations
of clinical outcomes following pump initiation. Limitations
include lack of information on adverse events, such as hypo-
glycemia and diabetic ketoacidosis, or quality of life, which
help inform the overall clinical effectiveness of CSII use.
Greater motivation for self-management may be present
among those choosing to transition to CSII therapy. The fre-
quency of blood glucose monitoring and use of continuous
glucose monitoring was not available and have been shown
to impact glycemic control.'>"* Harmonizing definitions of
baseline and follow-up measures will facilitate statistical
comparisons of pump programs between diabetes centers in
future evaluations.

Conclusions

We conducted a contemporary analysis of health outcomes in
adults with T1D 1 year after transitioning from MDI to CSII
in 2 large T1D cohorts from multidisciplinary diabetes cen-
ters over a 10-year period. Patients with an HbAlc >8%
achieved clinically significant HbA1c reductions 1 year after
pump initiation. Similar to published clinical trials, higher
baseline HbA 1c was the main predictor of HbA lc reduction
after 1 year. Overall, patients at Steno achieved a larger
reduction in HbAlc 1 year after pump initiation but this is
likely to be due to a baseline HbA 1c average which is slightly
higher due to differences in CSII indication criteria. There
was no adverse weight gain for either cohort after 1 year;
modest (<2 kg) weight gain was noted among patients with
baseline HbAlc >9%. CSII represents an important tool for
improving HbAlc in adults with TID who fail to achieve
optimal glycemic control using MDI.

Abbreviations

CSII, continuous subcutaneous insulin infusion; HbAlc, hemoglo-
bin Alc; MDI, multiple daily injections; T1D, type 1 diabetes.
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