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OBJECTIVE

Attaining glycemic targets without severe hypoglycemic events (SHEs) is a challenging treatment goal for patients with type 1 diabetes complicated by impaired awareness of hypoglycemia (IAH). The CIT Consortium Protocol 07 (CIT-07) trial showed
islet transplantation to be an effective treatment for subjects with IAH and intractable SHEs. We evaluated health-related quality of life (HRQOL), functional health
status, and health utility before and after pancreatic islet transplantation in CIT-07
trial participants.
RESEARCH DESIGN AND METHODS

Four surveys, the Diabetes Distress Scale (DDS), the Hypoglycemic Fear Survey (HFS),
the Short Form 36 Health Survey (SF-36), and the EuroQoL 5 Dimensions (EQ-5D),
were administered repeatedly before and after islet transplantation. Summary statistics and longitudinal modeling were used to describe changes in survey scores from
baseline and to characterize change in relation to a minimally important difference
(MID) threshold of half an SD.
RESULTS

Improvements in condition-speciﬁc HRQOL met the MID threshold. Reductions from
baseline in the DDS total score and its four DDS subscales (all P £ 0.0013) and in the
HFS total score and its two subscales (all P < 0.0001) were observed across all time
points. Improvements were observed after both 1 and 2 years for the EQ-5D visual
analog scale (both P < 0.0001).
CONCLUSIONS

In CIT-07, 87.5% of the subjects achieved the primary end point of freedom from SHE
along with glycemic control (HbA1c <7% [<53 mmol/mol]) at 1 year post–initial islet
transplantation. The same subjects reported consistent, statistically signiﬁcant, and
clinically meaningful improvements in condition-speciﬁc HRQOL as well as selfassessments of overall health.
Reduction in HbA1c among patients with type 1 diabetes is associated with a reduction
in diabetes complications (1). However, iatrogenic hypoglycemia remains a limiting
factor in the glycemic management of patients with type 1 diabetes (2,3). Uncontrolled
type 1 diabetes adversely affects short- and long-term health-related quality of life
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(HRQOL), with negative impacts on the
physical, emotional, practical, and social
well-being of patients with type 1 diabetes (4), and fear of severe hypoglycemic
events (SHEs) is recognized as one of the
key determinants adversely affecting quality of life (5,6). HRQOL outcomes are critical to our understanding of the beneﬁt of
pancreatic islet transplantation (7).
The beneﬁts of pancreatic islet transplantation include the elimination of SHEs
in most transplant recipients, improved
glycemic control, restoration of hypoglycemia awareness, and, in some cases, insulin independence (8–15). The Clinical
Islet Transplantation Consortium Protocol
07 (CIT-07) trial was a phase 3 clinical trial
of transplantation of a standardized, welldeﬁned islet product (puriﬁed human pancreatic islets) in subjects with type 1 diabetes,
impaired awareness of hypoglycemia, and
intractable SHEs. The primary end point
was the composite of achieving an HbA1c
level of ,7.0% (53 mmol/mol) at day 365
after the initial islet transplantation and freedom from SHEs from day 28 to day 365 after
the initial islet transplantation (16). The
primary end point was met by 42 of the
48 subjects (87.5%). This report addresses
the impact of pancreatic islet transplantation on the HRQOL, functional health, and
health utility of the subjects in the CIT-07.

RESEARCH DESIGN AND METHODS
Overview of CIT-07

Details regarding CIT-07 study results, design, outcome measures, recipient selection,
donor selection, islet manufacture, and islet
transplantation have been described previously (16,17). Brieﬂy, the CIT-07 trial was a
multicenter, phase 3 clinical trial of a standardized, well-deﬁned islet product. All patients in the trial had a history within the
past year of SHEs that persisted despite
expert medical management. The median
(range) age, BMI, and duration of diabetes
were 48.4 years (26.2–65.5), 25.1 kg/m2
(18.9–29.8), and 28.5 years (11–57), respectively. Nineteen of the 48 subjects
(39.6%) were male. The mean baseline
HbA1c level was 7.2% (55 mmol/mol),
the mean baseline insulin requirements
were 32.6 units/day (0.5 units/kg/day),
and the mean baseline Clarke score was
6. The primary end point was the achievement of an HbA1C level of ,7.0%
(53 mmol/mol) at 1 year and freedom of
SHEs from day 28 to day 365 after the
initial islet transplant. A SHE was deﬁned
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as an event with one of the following symptoms: memory loss; confusion; uncontrollable behavior; irrational behavior; unusual
difﬁculty in awakening; suspected seizure;
seizure; loss of consciousness; or visual
symptoms, in which the subject was unable
to treat himself/herself and which was
associated with either a blood glucose level
of ,54 mg/dL (3.0 mmol/L) or prompt
recovery after oral carbohydrate, intravenous glucose, or glucagon administration. The a priori threshold for success was
that the proportion of patients meeting the
primary end point have an exact one-sided
95% CI that lay entirely above 50%. Overall,
42 of 48 subjects (87.5% [95% one-sided CI
76.8, 100.0]) achieved primary end point
success, surpassing the a priori threshold
for success.
HRQOL, Functional Health Status, and
Health Utility Surveys

The CIT-07 protocol incorporated four surveys at each of the following time points:
every 3 months prior to islet transplantation; at days 75, 365, and 730 after the
initial islet transplantation; and at days
75, 180, 365, and 730 after the ﬁnal islet
transplantation. Two surveys, the Diabetes
Distress Scale (DDS) (18,19) and the Hypoglycemic Fear Survey (HFS) (20,21), measured condition-speciﬁc HRQOL. Two
other surveys, the Short Form 36 Health
Survey (SF-36) version 2 (22–24) and the
EuroQoL 5 Dimensions (EQ-5D) (25–27),
measured several dimensions of functional health status and health utility.
The 17-item DDS measures overall
distress and the following four diabetesrelated distress subscales: Emotional
Burden, Physician-Related Distress, RegimenRelated Distress, and Interpersonal Distress. Each item in the DDS uses a Likert
scale from 1 to 6. The overall distress score
and the four distress subscale scores are
calculated using the average of their associated items. The HFS is a 23-item survey
that measures fear experienced in relation
to hypoglycemia. Each item in the HFS
uses a Likert scale from 0 to 4. The HFS is
reported as a total score and as two subscale scores representing Hypoglycemia
Avoidance Behavior and Worry About Hypoglycemia. The overall score and the two
subscale scores are calculated by taking
the average of their associated items. For
both the DDS and the HFS, lower scores
indicate lower distress or fear, respectively.
The eight scales (Physical Function,
Role Physical, Bodily Pain, General Health,

Vitality, Social Functioning, Role Emotional,
and Mental Health) and two component
summary scores of the SF-36 (Physical
Component Summary [PCS] and Mental
Component Summary [MCS]) can be referenced to both the general population,
which is standardized to have a mean of
50 points and an SD of 10 points, and to
selected condition-speciﬁc norms. The
SF-36 version 2 Health Survey, by QualityMetric (now part of Optum) and the Medical Outcomes Trust, was used in CIT-07.
The QualityMetric scoring software was
used to calculate the eight scales and
two summary components, normalized
to the 2010 U.S. general population. The
EQ-5D addresses ﬁve dimensions of
health status (Mobility, Self-Care, Usual
Activities, Pain/Discomfort, and Anxiety/
Depression) and includes a visual analog scale
(VAS) of overall health. Dimension responses
can be converted to U.S. population-based
Health Preference Weights that are useful in
cost-utility analyses (28). The ﬁve EQ-5D
dimensions comprise three-level ordinal
categorical responses. These responses
were dichotomized as either “No Problems”
or “Any Problems,” based on a scoring
option referenced in the EQ-5D user
guide (29). Higher scores indicate better
health status for the SF-36 PCS, SF-36
MCS, EQ-5D Health Preference Weights,
and EQ-5D VAS measures.
Statistical Analyses

For all continuous outcomes, summary
statistics including means, SDs, medians,
and interquartile ranges were calculated.
Mann-Whitney U tests were used for comparisons of two independent groups and
the Wilcoxon signed rank test was used
for comparisons of paired data. For categorical outcomes, frequencies and percentages were calculated. The McNemar
test was used for statistical comparisons
of paired binary outcomes. In all, 130 hypothesis tests were performed, each resulting in a P value. In order to limit the
number of hypothesis tests declared statistically signiﬁcant in which the null hypothesis is actually true, we used the false
discovery rate (FDR) approach to avoid
the philosophical challenges that are associated with the Bonferroni correction and
other false-positive rate approaches (30).
The FDR approach described by Benjamini
and Hochberg was applied, and a maximum
FDR of 5% was chosen (31). This approach
leads to a threshold for statistical signiﬁcance of P # 0.0143.
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The magnitude of within-subject change
was calculated as the mean change from
baseline divided by the baseline SD, which
we refer to as the effect size. A withinsubject change (i.e., effect size) greater
than or equal to half of an SD (i.e., 0.5) was
interpreted to be clinically meaningful. This
metric has been described by Norman et al.
(32) and is based on the general convergence of statistical effect size–based and
anchor-based (e.g., minimally important difference [MID]) methods for interpreting
changes in HRQOL. This approach was particularly useful with the CIT-07 survey data
because the effect size could be interpreted
in a uniform manner for all surveys.
Longitudinal mixed-effects models were
developed to assess the impact of SHEs on
HRQOL, functional health status, and health
utility after islet transplantation. Mean estimates are reported in Supplementary
Appendix 5 with their SEs and associated
bootstrap 95% CIs. All modeling was performed using the R statistical environment,
while summary statistics were created using SAS software version 9.4.

RESULTS

Overall, 47 of 48 subjects provided survey
data both before and after islet transplantation (Supplementary Appendix 2). For the
longitudinal models, 45 of 48 subjects provided from 205 to 210 post-transplantation
survey and metabolic outcome pairs of
observations, depending on the survey
used. Of the three subjects who were not
included in the models, one was a primary
end point failure (imputed because of early
study termination and the absence of
follow-up data), one was a primary end
point success with no baseline survey
measurements, and one was a primary
end point success with no baseline mixedmeal tolerance test results. Three of the
48 subjects experienced at least one posttransplantation SHE. Two of the three subjects with post-transplantation SHE were
primary end point failures. One of the three
subjects met the primary end point (at day
365), but had an SHE during the 2nd year of
follow-up.
The DDS results are shown in Fig. 1A
and Table 1. There are improvements (decreases) in the DDS total score and each
of the four subscales from baseline to
days 75, 365, and 730 (all P # 0.0013) after
the initial islet transplantation. The change
in the DDS total score and in the scores for
the subscales of Emotional Burden and
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A

B

Figure 1—Condition-speciﬁc HRQOL score distributions over time. A: DDS total score. The DDS total
score ranges from 1 to 6 with lower scores indicating less diabetes-related distress. B: HFS total
score. The HFS total score ranges from 0 to 4 with lower scores indicated less fear of hypoglycemia.
The thick horizontal line inside each box represents the median value. The diamond represents
the mean value. Asterisks represent statistically signiﬁcant changes from baseline, where *** indicates
P , 0.0001.
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Table 1—DDS and HFS
DDS

Measure

Visit

N = 48

Mean (SD)

Median (IQR)

Total score

Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730

44
44
39
27
47
45
41
29
46
45
41
31
45
46
40
31
47
45
40
31

2.62 (0.98)
1.83 (0.72)
1.50 (0.51)
1.32 (0.32)
3.75 (1.31)
2.59 (1.23)
1.84 (0.91)
1.43 (0.47)
1.67 (1.02)
1.19 (0.45)
1.06 (0.21)
1.10 (0.32)
2.66 (1.20)
1.77 (0.86)
1.61 (0.65)
1.42 (0.43)
2.19 (1.38)
1.59 (0.94)
1.47 (0.84)
1.35 (0.69)

2.44 (0.97)
1.62 (0.79)
1.35 (0.59)
1.29 (0.47)
3.80 (2.00)
2.20 (1.20)
1.60 (0.80)
1.20 (0.80)
1.13 (1.00)
1.00 (0.00)
1.00 (0.00)
1.00 (0.00)
2.40 (1.60)
1.60 (1.00)
1.40 (0.60)
1.20 (0.80)
1.67 (2.00)
1.00 (0.67)
1.00 (0.67)
1.00 (0.33)

Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730

39
40
35
18
41
40
35
22
44
45
40
27

2.36 (0.66)
1.33 (0.88)
0.54 (0.66)
0.41 (0.62)
2.52 (0.54)
1.47 (0.90)
0.64 (0.83)
0.67 (0.82)
2.20 (0.90)
1.27 (1.01)
0.53 (0.79)
0.47 (0.81)

2.39 (1.09)
1.24 (1.43)
0.26 (1.09)
0.13 (0.43)
2.60 (0.80)
1.60 (1.60)
0.20 (1.30)
0.25 (1.20)
2.15 (1.23)
1.00 (2.00)
0.08 (0.77)
0.00 (0.77)

Emotional Burden

Physician-Related Distress

Regimen-Related Distress

Interpersonal Distress

HFS

Total score

Hypoglycemic Avoidance Behavior

Worry About Hypoglycemia

Effect size

P value

20.80
21.22
21.33

,0.0001
,0.0001
,0.0001

20.83
21.48
21.79

,0.0001
,0.0001
,0.0001

20.47
20.58
20.51

,0.0001
,0.0001
0.0013

20.78
20.94
21.05

,0.0001
,0.0001
,0.0001

20.42
20.55
20.70

0.0002
,0.0001
,0.0001

21.51
22.59
22.85

,0.0001
,0.0001
,0.0001

21.86
23.34
23.31

,0.0001
,0.0001
,0.0001

21.13
21.79
21.88

,0.0001
,0.0001
,0.0001

The total DDS score, the four DDS subscales, the total HFS score, and the two HFS subscales stratiﬁed by post–initial transplantation study visits. Effect sizes were
calculated as the mean individual change from baseline divided by the baseline SD; a value of 0.5 (i.e., half an SD) was determined to be the MID. Smaller
DDS and HFS values indicate better HRQOL. Tests for change from baseline were performed using the Wilcoxon signed rank test. IQR, interquartile range.

Regimen-Related Distress met the MID
threshold of a .0.5-SD change from baseline at all follow-up time points, as did the
changes in the scores for the PhysicianRelated Distress and Interpersonal Distress
subscales from baseline to days 365 and
730. After the initial transplant, subjects
reported having little or no physicianrelated distress or interpersonal distress
(median values are the lowest possible
value, 1.00, at all time points after the initial transplant). Similar results for the HFS
total score and its two subscales are shown
in Fig. 1B and Table 1. Statistically signiﬁcant improvements (decreases) in each
of the three scores from baseline to days
75, 365, and 730 were observed (all P ,
0.0001), and all effect sizes met the
MID threshold. By day 730, most subjects’
responses indicated having no worries
about hypoglycemia (median value is
equal to the smallest possible value, 0.00).

Both of the component summary
scores and all eight scales of the SF-36
showed improvements (increases) over
time (Table 2). With the exception of the
General Health scale, baseline scores for
the SF-36 PCS and MCS scales averaged
within 5 points of the general population
mean. There were statistically signiﬁcant
improvements from baseline to days
365 and 730 in SF-36 PCS scores, but only
the change from baseline to day 365 met
the MID threshold. Of the four SF-36 scales
that are most heavily weighted in the computation of the PCS, three (Physical Functioning, Role Physical, and General Health)
showed statistically signiﬁcant improvements during follow-up. However, only
the Role Physical and General Health scales
at 365 days met the MID threshold. The
MCS scores showed a statistically signiﬁcant
change from baseline to day 75 that did not
meet the MID threshold. Changes in three

of the four scales that are most heavily
weighted in the computation of the MCS
(Mental Health, Role Emotional, and Social
Functioning) generally were not statistically
signiﬁcant and did not meet the MID
threshold. The Vitality scale, however, shows
statistically signiﬁcant improvements during follow-up and meets the MID threshold at day 75. The EQ-5D VAS (Table 3)
showed signiﬁcant (P , 0.0001) and
meaningful improvements from baseline
to days 365 and 730 (SD 0.71 and 0.73,
respectively). Neither the EQ-5D Health
Preference Weight nor any of the ﬁve individual EQ-5D items show consistent,
statistically signiﬁcant changes from baseline, and observed changes did not meet
the MID threshold.
Summary survey scores (DDS total score,
HFS total score, SF-36 PCS and MCS, and
EQ-5D VAS) at day 365 and day 730 were
analyzed as a function of CIT-07 subject
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Table 2—SF-36
Measure
PCS

MCS

Physical Functioning scale

Role Physical scale

Bodily Pain scale

General Health scale

Vitality scale

Social Functioning scale

Role Emotional scale

Mental Health scale

Visit

N = 48

Mean (SD)

Median (IQR)

Effect size

P value

Baseline
Day 75
Day 365
Day 730

47
45
41
30

47.52 (8.77)
49.97 (8.05)
52.52 (7.69)
52.44 (9.06)

49.04 (10.41)
50.69 (9.09)
54.39 (8.05)
55.84 (9.60)

0.31
0.54
0.39

N.S.
,0.0001
0.0004

Baseline
Day 75
Day 365
Day 730

47
45
41
30

49.23 (10.48)
53.03 (9.65)
51.86 (8.94)
54.40 (7.28)

53.60 (18.34)
55.70 (8.04)
54.61 (12.44)
56.84 (9.88)

0.28
0.28
0.30

0.0081
N.S.
N.S.

Baseline
Day 75
Day 365
Day 730

47
46
42
32

50.62 (8.04)
53.30 (6.58)
53.67 (7.17)
52.29 (10.26)

53.71 (9.57)
55.63 (5.74)
57.54 (3.83)
57.54 (3.83)

0.29
0.35
0.19

0.0034
0.0005
N.S.

Baseline
Day 75
Day 365
Day 730

47
45
42
30

45.69 (10.57)
49.17 (9.72)
51.70 (7.53)
52.67 (9.04)

48.17 (15.72)
52.66 (8.99)
54.91 (8.99)
57.16 (4.50)

0.31
0.57
0.48

0.0008
,0.0001
,0.0001

Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730

47
46
41
32
47
46
42
32

50.52 (10.04)
49.96 (10.97)
52.72 (8.24)
53.22 (10.19)
44.31 (12.42)
50.19 (10.45)
51.57 (9.92)
51.60 (11.57)

51.51 (15.32)
53.53 (23.39)
51.51 (15.32)
55.55 (17.34)
46.05 (21.39)
50.81 (16.64)
52.00 (15.69)
50.81 (18.55)

20.05
0.22
0.08

N.S.
N.S.
N.S.

0.49
0.57
0.39

,0.0001
,0.0001
0.0064

Baseline
Day 75
Day 365
Day 730

47
46
42
32

48.81 (10.94)
54.67 (8.92)
53.38 (8.53)
55.38 (10.62)

49.63 (14.85)
52.60 (11.88)
52.60 (8.91)
57.06 (11.88)

0.51
0.40
0.44

0.0001
0.0029
0.0015

Baseline
Day 75
Day 365
Day 730

47
46
41
32

46.99 (10.78)
49.38 (9.72)
50.98 (8.24)
51.70 (10.25)

47.31 (20.05)
52.33 (10.03)
57.34 (10.03)
57.34 (10.03)

0.19
0.30
0.28

N.S.
N.S.
N.S.

Baseline
Day 75
Day 365
Day 730

47
44
41
30

48.02 (10.25)
51.58 (8.72)
50.82 (8.43)
52.11 (7.49)

49.20 (17.41)
56.17 (6.97)
56.17 (6.97)
56.17 (6.97)

0.20
0.31
0.25

N.S.
0.0090
N.S.

Baseline
Day 75
Day 365
Day 730

47
46
42
32

51.54 (9.27)
53.83 (9.09)
53.69 (8.20)
54.30 (8.26)

53.48 (15.70)
56.10 (13.08)
55.12 (7.85)
57.41 (13.08)

0.21
0.28
0.22

N.S.
N.S.
N.S.

The PCS score, MCS score, and eight SF-36 scales stratiﬁed by post–initial transplantation study visits. Effect sizes were calculated as the mean individual
change from baseline divided by the baseline SD; a value of 0.5 (i.e., half an SD) was determined to be the MID. Higher SF-36 values indicate better
functional health status. Tests for change from baseline were performed using the Wilcoxon signed rank test. IQR, interquartile range; N.S., not signiﬁcant.

primary end point success (Supplementary
Appendix 3). Subjects with primary end
point failure tended to have worse conditionspeciﬁc HRQOL post-transplantation, but
no statistically signiﬁcant differences were
found. The ability to detect a difference
between primary end point successes
and failures is limited because of the small
number of primary end point failures in
the CIT-07 (six primary end point failures).
A similar analysis of the above summary
scores as a function of insulin independence
at day 75, day 365, and day 730 (Supple-

mentary Appendix 4) also revealed no signiﬁcant differences between those subjects
who did or did not achieve insulin independence. For those subjects who did not
achieve insulin independence, there is a
trend toward worse condition-speciﬁc
HRQOL, but this trend is smaller than that
observed in the comparisons across primary end point success.
The results of ﬁtting longitudinal models to the changes from baseline of the
DDS total score and its four subscales, the
HFS total score and its two subscales, the SF-

36 PCS and MCS, and the EQ-5D VAS are
shown in Supplementary Appendix 5. The
occurrence of SHE was not selected as an
important predictor of the outcome in
the DDS total score; the DDS PhysicianRelated Distress, Regimen-Related Distress, or Interpersonal Distress subscale
models; or the HFS total score model.
The occurrence of an SHE was identiﬁed
as an important predictor in the DDS Emotional Burden model; HFS Hypoglycemia
Avoidance Behavior and Worry About Hypoglycemia models; the SF-36 PCS and
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Table 3—EuroQoL
Measure
VAS

Health Preference Weight

Usual Activities

Anxiety/Depression

Mobility

Pain/Discomfort

Self-Care

Visit

N = 48

Mean (SD) or NNo Problems (%)

Median (IQR) or NAny Problems (%)

Effect size

P value

Baseline
Day 75
Day 365
Day 730

46
47
42
31

74.13 (14.66)
79.06 (15.97)
82.86 (14.46)
85.74 (15.36)

75.00 (15.00)
80.00 (20.00)
85.00 (19.00)
91.00 (18.00)

0.29
0.71
0.73

N.S.
,0.0001
,0.0001

Baseline
Day 75
Day 365
Day 730

47
47
41
32

0.87 (0.12)
0.86 (0.15)
0.86 (0.15)
0.88 (0.18)

0.83 (0.22)
0.84 (0.17)
0.84 (0.17)
1.00 (0.18)

20.06
20.04
0.09

N.S.
N.S.
N.S.

Baseline
Day 75
Day 365
Day 730

47
47
42
32

32 (68.09%)
35 (74.47%)
33 (78.57%)
27 (84.38%)

15 (31.91%)
12 (25.53%)
9 (21.43%)
5 (15.63%)

N.S.
N.S.
0.0143

Baseline
Day 75
Day 365
Day 730

47
47
42
32

32 (68.09%)
34 (72.34%)
29 (69.05%)
23 (71.88%)

15 (31.91%)
13 (27.66%)
13 (30.95%)
9 (28.13%)

N.S.
N.S.
N.S.

Baseline
Day 75
Day 365
Day 730
Baseline
Day 75
Day 365
Day 730

47
47
41
32
47
47
42
32

38 (80.85%)
40 (85.11%)
34 (82.93%)
26 (81.25%)
25 (53.19%)
27 (57.45%)
24 (57.14%)
22 (68.75%)

9 (19.15%)
7 (14.89%)
7 (17.07%)
6 (18.75%)
22 (46.81%)
20 (42.55%)
18 (42.86%)
10 (31.25%)

Baseline
Day 75
Day 365
Day 730

47
47
42
32

45 (95.74%)
46 (97.87%)
39 (92.86%)
29 (90.63%)

2 (4.26%)
1 (2.13%)
3 (7.14%)
3 (9.38%)

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

The EQ-5D VAS, Health Preference Weight, and ﬁve dimensions stratiﬁed by post–initial transplantation study visits. Effect sizes were calculated as the
mean individual change from baseline divided by the baseline SD; a value of 0.5 (i.e., half an SD) was determined to be the MID. No effect size calculations
were made for the ﬁve categorical dimensions. The ﬁve EQ-5D dimensions comprise three-level ordinal categorical responses. These responses were
dichotomized as either “No Problems” or “Any Problems” based on a scoring option referenced in the EQ-5D user guide (29). Larger EQ-5D VAS and Health
Preference Weight values indicate better health utility. Tests for change from baseline were performed using the Wilcoxon signed rank test for continuous
outcomes and the McNemar test for categorical outcomes. IQR, interquartile range; N.S., not signiﬁcant.

MCS models; and the EQ-5D VAS model.
The DDS Emotional Burden (1.08 [95% CI
0.23, 1.92]) and the SF-36 MCS (27.85
[214.79, 21.21]) both showed a worsening of HRQOL and functional health status,
respectively, after an SHE was experienced. The remaining survey results
contain a value of zero in their 95% CIs,
suggesting the possibility of no SHE impact. Similar to the comparisons between
primary end point successes and failures,
few SHEs occurred during the CIT-07 followup (only three subjects experienced at least
one SHE; thus, our ability to estimate the
impact of recurrent SHEs is limited).
CONCLUSIONS

The CIT-07 study was successful (87.5%
success rate) at providing glycemic control and protection from SHEs in subjects
with intractable impaired awareness of hypoglycemia and SHEs. The results discussed

here show that the subjects who participated in the CIT-07 reported signiﬁcant,
consistent, and clinically meaningful improvements in HRQOL. In particular, large
decreases in both diabetes-related distress
and fear of hypoglycemia were observed.
Patient self-assessments of personal wellbeing, as measured by the EQ-5D VAS, also
showed meaningful improvements.
Despite the acknowledged burden of
immunosuppressive medications, the overall quality of life and functional health
status scores after transplantation did not
worsen. General measures of functional
health status, such as the SF-36 PCS and
MCS, and ﬁve of the eight SF-36 scale
scores showed statistically signiﬁcant improvements from baseline. The improvements were predominantly among the
physical health-related scales and did not
generally meet the MID threshold. This is
likely due to a ceiling effect wherein

pretreatment baseline scores were within
general population norms, making it less
likely that clinically meaningful improvements would be observed over the course
of the study. This phenomenon has been
reported previously in pancreatic islet transplant recipients (8,33). Consistent, meaningful change is not a realistic expectation
when participants enter a study at or near
general population norms. If the patient
population starts below the general population norms, however, as has been the
case in other islet transplantation studies
(9,14), meaningful improvements in general HRQOL, functional health status, and
health utility are more likely. For the SF-36
in the CIT-07, both of the summary components and six of the eight scales remained
within 1 SD of the general population for the
entirety of the trial. Furthermore, a comparison of the CIT-07 SF-36 scores to the published SF-36 1996 diabetes-speciﬁc scores
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(34) found the CIT-07 participants to be
within half an SD of the published SF-36
diabetes-speciﬁc scores.
A consistent decrease in the fear of hypoglycemia, as assessed by the HFS, has also
been observed in other islet transplantation
studies (10,33,35,36). In a study of 27 islet
recipients, no changes were observed in
DDS, but improvements in HFS and EQ-5D
VAS were observed (33). Other islet transplantation studies have shown improvements in other disease-speciﬁc HRQOL
measures such as the Diabetes Quality
of Life Questionnaire (DQOL) (37). The
DQOL was used in the Diabetes Control
and Complications Trial (DCCT) (1) to compare intensive insulin treatment versus conventional treatment (no improvement in
DQOL scores was seen with intensive insulin
treatment in the DCCT). Improvement in
DQOL scores has been observed after islet
transplantation (8,9,12,13). Improvements
in HRQOL in the CIT-07 subjects were
greater than those shown in studies of
patients using continuous glucose monitoring (DIAMOND randomized clinical trial)
(38) and sensor-augmented pump therapy
(Sensor-Augmented Pump Therapy for
A1C Reduction 3 [STAR3]) (39). At baseline,
the CIT-07 subjects had worse DDS and
HFS scores that, at 1 year after the initial
transplant, had improved to be comparable to or superior to the continuous glucose monitoring and sensor-augmented
pump therapy subjects. The CIT-07 subjects reported 1-year DDS scores similar
to those reported in the DIAMOND study
at 24 weeks. The CIT-07 subjects also reported better 1-year HFS scores compared with 1-year scores from patients
in the sensor-augmented pump therapy
group of the STAR3 study. The same relationship holds true for each of the two
subscale scores of the HFS, with CIT-07
subjects starting with greater Worry
About Hypoglycemia and Hypoglycemia
Avoidance Behavior than the STAR3 subjects, but reporting better HFS subscale
scores after 1 year of follow-up.
The CIT-07 trial was powered to show
a meaningful success rate for the primary end point of HbA1c levels ,7.0%
(53 mmol/mol) and the prevention of
SHEs. Given that there were so few primary end point failures in the CIT-07 (6 of
48 subjects), the ability to detect differences across primary end point success
was limited. A little more than half of
the CIT-07 subjects (52.1%) achieved insulin
independence at day 365, but no statistical
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differences in HRQOL, functional health
status, or health utility were observed between insulin-independent and insulindependent subjects. The patient population
of the CIT-07 was composed of subjects
whose major problem was hypoglycemia
but who were otherwise healthy. Therefore, although insulin injections have undoubtedly been a burden, SHEs and the
fear associated with those events are
likely the largest burden. The eradication
of SHEs represents a large improvement
in these subjects’ HRQOL that outweighs
any concerns about the need to take insulin injections. The burden of exogenous
insulin should not be discounted, however, as there is a nonsigniﬁcant trend
toward insulin independence being associated with better DDS and HFS scores. A
similar ﬁnding of insulin therapy acting as a
signiﬁcant independent variable in HRQOL
has been reported in an earlier study of
HRQOL after islet transplantation (8). The
impact of exogenous insulin therapy and
severe glucose control problems on the
HRQOL has also been reviewed in a metaanalysis of patients who have undergone
pancreas transplantation alone (40).
Furthermore, a study of functioning versus nonfunctional pancreas grafts in patients after pancreas transplant alone,
using an investigator-developed survey,
showed better glucose control and fewer
hypoglycemic events in patients with functioning grafts, which was associated with
improved HRQOL (41).
The results of these analyses indicate
that the CIT-07 participants feel better
and have been relieved of fear of hypoglycemia. Longitudinal models show that, for
the few subjects who did experience an SHE
after islet transplant, their diabetes-related
emotional burden increased, indicated by
the scores on the DDS Emotional Burden
subscale. Interestingly, SF-36 MCS scores
also worsened after subjects experienced
an SHE. In prior studies, due to the previously mentioned pretransplantation ceiling effect, the SF-36 MCS (which weights
the mental-, social-, and emotional health–
oriented scales of the SF-36 more heavily
than the physical-, pain-, and general health–
oriented scales) often did not show clinically
important changes after islet transplantation. The change in SF-36 MCS scores in
combination with the change in diabetesrelated emotional burden point to the
strong emotional, mental, and social burden
of SHEs. Post–islet transplantation SHE
occurred in only three subjects and was

not a signiﬁcant predictor of change in the
HFS, which included the Worry About Hypoglycemia subscale. From these three
subjects, a total of 16 follow-up measurements were obtained (8 pre-SHE and
8 post-SHE). Further study is needed to describe the impact of post–islet transplant
SHE occurrence on HRQOL.
In conclusion, the CIT-07 provided an opportunity to prospectively assess conditionspeciﬁc HRQOL, functional health status,
and health utility outcomes among islet
transplant recipients in a phase 3 study.
Among the CIT-07 transplant recipients,
there was meaningful, consistent, and statistically signiﬁcant improvement in the condition-speciﬁc HRQOL scores (DDS and HFS)
as well as in the EQ-5D VAS. There was also
statistically signiﬁcant improvement in functional health status (SF-36 PCS and MCS and
several individual scales), but these changes
did not consistently meet the MID threshold, most likely because of a pretransplantation ceiling effect. Longitudinal models
suggest that the occurrence of SHEs has
an adverse impact on the DDS, speciﬁcally
the diabetes-related Emotional Burden subscale, and the MCS scores of the SF-36.
These patient-reported outcomes corroborate the clinical importance of the objective beneﬁts of islet transplantation
already documented in the CIT-07 (16).
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