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Abstract

In patients with type 1 diabetes mellitus (T1DM) complicated by severe hypoglycemic episodes,

fear of hypoglycemia can significantly impact daily life. We evaluated whether restoration of

glycemic awareness and prevention of hypoglycemia by islet allotransplant could reduce fear and

improve health status. We conducted a comprehensive evaluation of patient based outcomes in 48

T1DM subjects screened for allogeneic islet transplant alone (ITA) and 27 subjects who received

an ITA. A battery of generic health status and diabetes-specific measures were used to assess at

evaluation, 6 months, and then annually after ITA. Allogeneic islet transplant was associated with

a reduction in behaviors adopted in avoiding hypoglycemia (p value < 0.001) and an attenuation in

concerns about hypoglycemic episodes (p value < 0.001). Changes in hypoglycemia fear tracked

most closely with insulin use. While there was a trend toward global improvement in health as

measured by theEQ-5D (p value = 0.002) and depression symptoms as measured by the Beck (p

value = 0.003), physical health remained unchanged following ITA. Our findings support the

socio-emotional benefits of ITA during the 5 years after ITA which to some extent remains

dependent on preservation of islet graft function.
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Introduction

Glycemic lability and frequent, severe hypoglycemic episodes are accepted indications for

islet allograft transplantation in individuals with type 1 diabetes mellitus [1, 2]. Allogeneic

islet transplantation has emerged as a promising alternative to pancreas transplant for β-cell

replacement in individuals with type 1 diabetes mellitus. Multiple studies have documented

successful restoration of insulin independence after islet transplant alone (ITA) [3–9] In one

follow-up analysis, investigators reported relief from glucose instability and severe

hypoglycemia in a cohort of 65 islet transplant recipients for up to 5 years post-transplant

[10]. However, only a minority of the patients in this cohort maintained insulin

independence despite multiple transplants. The University of Minnesota has previously

demonstrated the feasibility of achieving insulin independence and resolution of

hypoglycemic episodes from a single donor [3, 4] and long-term preservation of insulin

independence [6].

While previous research has demonstrated the clinical effectiveness of islet transplantation,

less is known about the islet transplant recipients perception of their health before and after

islet transplantation. In a letter to the readers of Diabetes Care, Johnson and his colleagues

[11] reported a reduction in the fear of hypoglycemic episodes after islet transplantation, as

measured by the Hypoglycemia Fear Survey (FHS), and a reduction in anxiety [12, 13]. In a

subsequent follow-up, Toso and colleagues [14] found a reduced fear of hypoglycemia at 3-

years but without improvements in health-related quality of life. Barshes and his colleagues

[15] reported similar reductions in anxiety about hypoglycemia and its consequences, in the

absence of improvements in general health posttransplant and other dimensions of health

post transplant. These small studies were limited by their follow up. Taken as whole, the

previous research into the impact of ITA on psychological function and general health status

has been limited by short length of follow-up and the number of health dimensions

considered.

The Long-term Islet Transplant Follow-up Study (LTIS) is an exploratory investigation into

the effectiveness of ITA on health-related quality of life (HQOL) during the first 5 years

following the last islet infusion. The principal focus of LTIS is the reduction in the fear of

hypoglycemia and distress associated with diabetes and its management. Secondary health

outcomes measures, such as global health and mental health, form the remaining

components of the comprehensive LTIS health assessment following ITA.

Materials and Methods

Study Group

Between August 2000 and August 2009, there were 36 ITA patients at the University of

Minnesota (UMN) eligible for recruitment. Only 27 ITA recipients with at least 6-months

posttransplant were included in the LTIS follow-up analysis. Human islet transplants were

performed at UMN as previously described [3, 4, 6]. A battery of generic and diabetes-

targeted measures was administered as part of the screening process for all patients. Those

patients receiving ITA were invited to participate in a long-term follow up study, in which

we examined the self-reported health status at different stages before and after islet
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transplantation. Twenty-seven ITA recipients and 48 type 1 diabetic patients who were

evaluated but did not undergo transplant were included in this analysis (see Figure 1). Nine

ITA recipients were excluded for refusing to participate in LTIS or enrollment in a

competing clinical study that forbade participation. All protocols were approved by the

University of Minnesota Human Subjects Protection Committee.

Health Outcomes

Health outcomes were assessed by a battery of HRQoL measures. Generic health was

assessed using the EuroQol-5D (EQ-5D), a standardized, global measure of health [16],

along with the most recent version of the 36-item short form health survey (SF-36v2) [17–

22]. The SF-36v2 gives a health status profile along 8 dimensions: Physical Functioning

(PF), Role Limitations Attributed to Physical Health Problems (RP), Bodily Pain (BP),

General Health (GH), Social Functioning (SF), Vitality (VT), Role Limitations Attributed to

Emotional Health Problems (RE), and Mental Health (MH). The scale scores range between

0 and 100 with higher values signifying more positive health attributes. These 8 scale scores

were summarized as Physical Component Summary (PCS) and Mental Component

Summary Scale (MCS) scores. These latter more global measures are standard normalized

(mean of 50 and standard deviation of 10) to a representative sample of the United States.

As a global measure of HRQoL, we used the visual analogue scale (VAS) version EQ-5D

[16, 23, 24]. In the EQ-5D, values approaching a maximum of 100 signify a perfect health

state whereas values approaching 0 indicate the worst possible health states. We used the

revised version of the Beck Depression Inventory (BDI-II) to measure depression [25, 26].

High scores indicate more depressive symptoms.

Two diabetes-specific quality of life instruments were administered in LTIS battery of

measures. To measure fear of hypoglycemia and lack of awareness of hypoglycemia, we

used the Hypoglycemia Fear Survey (HFS) [27–29]. The HFS has subscales measuring

behavior (HFS-B) and worry (HFS-W). Finally, to measure distress associated with

managing diabetes, we used the Diabetes Distress Scale (DDS) [28]. The DDS is partly

based on earlier work with the Problem Areas in Diabetes (PAID) scale [27, 29]. The 17-

item DDS measures 4 domains critical to diabetes-related distress: (1) emotional burden of

diabetes (EB), (2) physician-related distress (PD), (3) regimen-related distress (RD), and (4)

interpersonal distress (ID).

Timing of Data Collection

Prior to collecting data, appropriate informed consent was obtained for all subjects. The

battery of health measures was administered to study participants at the time of transplant

evaluation and 6 months, 1 year and annually thereafter. After islet transplant, study

participants who were not physically present for testing or follow-up care were mailed the

instruments and asked to return them to us in a self-addressed, stamped envelope. Since 9

islet transplant recipients received 2 or more islet transplant infusions, the last islet

transplant was used as the baseline or index measure for the analysis. Using the most recent

or last transplant provided a definitive start point for observations and comparable follow-up

windows between transplant numbers (i.e., the number of transplants).
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Statistical Analysis

Our analysis focused on trajectory of change in patient-based health status with time

following islet transplant. For the analysis, mixed model methods were used. Compared to

least squares linear modeling techniques, mixed model methods has several advantages.

First, this method can accommodate missing data, frequently encountered in panel and

longitudinal studies. Not unexpected, participating subjects had as few as one health

outcomes measure but as many as 7. Second, mixed model methods take into account the

dependence of replicate measures [30, 31]. That is, follow-up measures are more strongly

associated with earlier scores for that subject. This approach more fully accounts for the

within subject variability that is ignored in least squares regression. Finally, the mixed

approach allowed us to quantify the effects of the ITA in terms of a standard metric. In the

analysis, we looked at change scores between the baseline evaluation and each interval

through 5 years follow-up. All analysis was performed using the PROC MIXED procedure

in SAS® System version 9.2. Scale scores were reported as least squares (LS) means, which

are equivalent to adjusted means. Since the study did not call for a control group, the LS

means were adjusted for potential confounding using the following factors: (1) age of the

subject, (2) gender of subject, (3) the number of previous allogeneic islet transplants, (4) the

number of hypoglycemic episodes prior to islet infusion, (5) number of years with diabetes

mellitus, and (6) hemoglobin A1C at transplant evaluation.

Improvements in HRQoL were tested using a global test for each of the primary outcomes.

The dimension of time was represented by 0 for the pre-ITA evaluation and the number of

years after IAT (i.e., 0.5, 1, 2, 3, 4, 5 years). Since subjects often completed multiple surveys

within a time window, say 1 to 2 years, the survey measure closest to the time-point was

chosen for analysis. Global tests for the effect of time that were statistically significant at the

0.05 level based on the Type III sum of squares were follow-up tested. The selection of the

covariance structure and best fitting model for each mixed model was based on Akaike’s

Information Criteria (AIC). Post-hoc follow-up included: (1) pre-transplant – 6-month, (2)

pre-transplant – 1-year, (3) pre-transplant –2-years, (4) pre-transplant – 3-years, (5) pre-

transplant – 4-years, (6) pre-transplant – 5-years. The adjusted differences in scale scores

were tested for statistical significance using a Bonferroni corrected p value [32–34]. This

correction reduces the threat of type 1 errors by taking into account the number of

comparisons being made.

Results

Based on the timing of recruitment to the study and subject consent, there were 123

observation windows across the 27 ITA subjects. Ninety-four of the observation windows

(response rate 76.4%) had completed surveys. Response rates for each window were as

follows (number of observations/number eligible): (1) pretransplant evaluation, (12/14)

85.7%; (2) 6 months, (11/14) 78.6%; (3) 1 year, (16/18) 88.9%; (4) 2 year, (14/22) 63.6%;

(5) 3 year, (13/19) 68.4%; (6) 4 year, (13/17) 76.5%; and (7) 5 year, (15/19) 78.9%. Across

the observation windows, subjects were eligible for as few as 1 to as many 7 surveys. The

average number of eligible surveys was 4.6. Five of the subjects (22.7%) were missing more
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than 2 surveys. Twenty-six of the LTIS subjects (96.3%) completed more than one-half of

the required surveys.

Table 1 summarizes key characteristics for ITA subjects and subjects that were evaluated

but not transplanted. There were a total of 36 islet infusions across the 27 recipient subjects.

Two-thirds of these subjects had one transplant, 8 (29.6%) had 2 transplants, and 1 (3.7%)

had 3 transplants. The mean age of recipients was slightly younger than those evaluated

only, 41.5 years compared with 46.1 years respectively (p value 0.023). Recipient and

evaluation subjects were female and over three-fourths were married.

Since 12 subjects (44.4%) were recruited to the study after ITA, pretransplant health status

was incomplete for the LTIS study group. As a frame of reference, the 48 subjects evaluated

for ITA but not transplanted were compared with ITA recipients. These individuals at the

time of this analysis were awaiting ITA under new protocol. Except for being older (p value

= 0.023), subjects on the waitlist were similar to the ITA subjects, slightly heavier than

recipient subjects (p < 0.001) and had diabetes longer (26.49 ± 1.59 years for ITA recipients

compared with 31.79 ± 1.51 years for evaluations only, p = 0.018).

Patients were weaned off insulin to meet the following glycemic goals: capillary fasting

blood sugars < 140 mg/dL, 2 hour post-prandial <180 mg/dL and HbA1c ≤ 6.5%. Those

patients not requiring any insulin on a daily basis were considered insulin independent.

Twenty-four of the 27 (88.9%) achieved insulin independence at any time point. Three of

the recipients had graft failure during the first year; the remaining 2 had graft failures

between the 4th and 5th years after islet transplant. Twenty-three (85.2%) of recipients

maintained insulin independence at 1 year, 52.4% at 3 years, and 47.4% at 5 years.

The primary patient-based health outcomes at the time of evaluation are summarized in

Table 2. Generic outcomes include: the 2 component summary scales from the SF-36 Health

Survey, the BDI-II and EQ-5D. The 6 diabetes-targeted outcomes were derived from the

Diabetes Distress Scale and the Hypoglycemia Fear Scale. The table shows that the ITA

recipients at the evaluation before islet infusion had comparable health-related quality of

life, diabetes distress and hypoglycemia fear to those subjects that were evaluated only and

not transplanted. In general, pre-transplant subjects tended to have scale scores indicative of

normal physical functioning and mental health scores suggesting higher levels of depression

and anxiety. The diabetes-specific measures show that subjects at higher levels of distress

and fear of hypoglycemia.

The trajectories of change in HRQoL are given in Table 3. For each health outcome, the

results of the mixed model analysis (Type III) are shown for the effect of time in years

following ITA. Since none of the potential covariates was independently associated with the

change in HRQoL, the final model includes only the effect of time following ITA within

subject. Change in scale scores and the corresponding standard error of the mean for the

difference between the pre-transplant evaluation and each of the 6 time intervals following

islet transplant infusion are given.

The component summary scales derived from the SF-36v2 showed no effect on generic

health following ITA (see Figure 2). ITA recipients were physically healthier (PCS) than the
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standard United States population and less healthy emotionally, as measured by the MCS.

On average, pre-transplant and evaluation MCS scores were approximately one-half

standard deviation below the United States standard population mean. The PCS and MCS

scores remain relatively stable from the pretransplant evaluation through the first 5 years

following ITA.

The visual analogue scale version of the EQ-5D showed improved HRQoL post-transplant

over pretransplant evaluation (see Figure 3). There were Bonferroni adjusted statistical

differences in the change scores at 6-months, 1-year, 2-year and 3-years. Depression as

measured by the BDI-II was reduced following transplant with Bonferroni adjusted

statistical differences in the change scores at 1-year, 2-years and 3-years.

Figure 4 shows the least squares means for the 4 subscales comprising the Diabetes Distress

Scale. There were no statistical differences in the LS means for any of the scales with time

following ITA.

Overall, the greatest effects of ITA were observed for the reduction in hypoglycemia fear.

Both the behavior and worry subscale scores on the HFS were statistically significantly

reduced from pretransplant evaluation at all time points through 5 years posttransplant (see

Figure 5). Changes in the Hypoglycemia Fear scales tracked closely with insulin use with

time after allogeneic islet transplant (see Figure 6). Using the mean insulin levels for each

window period, hypoglycemia fear drops between the time of evaluation and the first 2 years

after ITA. With increased insulin use among some patients, mean HFS scores rise slightly.

Insulin use (not shown) was directly related to HFS scores.

Discussion

The results of our study support the effectiveness of islet transplantation beyond the

physiological and biochemical changes that are already reported in the literature. Using

generic HRQoL measures in combination with diabetes-specific measures, we found that

allogeneic islet transplant recipients generally perceived improvement in their health, a

reduction in depressive symptoms, and attenuation in hypoglycemia fear.

Most important, ITA was strongly associated with changes in the behavior and worry of

hypoglycemia fear posttransplant compared with pretransplant evaluation. This effect was

sustained for 5 years following ITA – a particularly encouraging finding given that

hypoglycemia unawareness is the principal indication for islet transplant. The effect sizes

that we reported should guide researchers in designing future studies that include these

measures.

Our current study did not observe similar improvements in the distress associated with

diabetes management, as measured by the DDS. Emotional burden, physician related

distress, regimen-related distress and interpersonal distress remained unchanged. These

findings deserve further investigation. One possibility is that the need for ongoing

immunosuppressive therapy posttransplant attenuates the potential impact of ITA on these

measures. However, by most any criterion, the magnitude of effects we observed for the
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diabetes-specific measures was noteworthy and warrants reconfirmation in other study

populations.

Little has been written about the responsiveness of diabetes-specific measures in the ITA

population. Investigators seeking to validate the effectiveness of ITA would be advised to

use a breadth of measures incorporated into this evaluation. Based on our experience, the

HFS proved most responsive to the documented clinical changes. While generic HRQoL

measures, such as the SF-36 and EuroQol, provide a more holistic picture of the patient,

they lack the requisite psychometric properties for serving as a primary end-point for health

outcomes research.

Responses to the SF-36 support the perception that individuals considered for islet

transplantation are physically healthy, but face similar emotional challenges as others

T1DM. Our study found MCS scale scores typical of individuals with diabetes in the United

States [18]. None of the 8 subscales (not reported) underlying the component summaries

supported health improvement for these recipients.

HRQoL as measured by the EQ-5D improved over the pretransplant evaluation score with

statistically differences found at 1 year, 2 years and 3 years following ITA. These findings

are encouraging for future studies designed to evaluate the cost benefits of allogeneic islet

transplant over competing therapies. Our evidence supports the responsiveness of the

EQ-5D as a potential measure of quality-adjusted life-years (QALY) in this population.

Future ITA studies would do well to incorporate reliable and responsive QALY measures to

assess the benefits gained by this therapy.

Our results are limited by the fact that our study population consisted of a panel of islet

transplant candidates and recipients. Although ITA recipients were followed prospectively,

it lacked an intact prospective cohort containing the transplant candidates. In addition, ITA

recipients were often on the waitlist for some time prior to transplant, without any additional

“pretransplant assessments” between screening and the time of transplant. Differences

across our time points could be overstated because of selection or screening biases.

However, the transplant candidates and transplant recipients were remarkably similar

demographically and clinically.

The patient-based health assessments were not completed at every time point by each ITA

recipient, but follow-up was completed for over three-quarters of the window periods. For

handling the few missing data, we used mixed model methods (instead of general least

squares regression) in the analysis. Mixed model methods are especially robust in handling

problems with missing data and take into account the correlated nature of the panel and

cohort data. This is critical in health outcomes research because of the tendency to overstate

type 1 error when least squares regression is used.

Our study does provide useful guideposts for planning future islet transplant studies, which

would be well advised to use a combination of generic and disease-targeted measures.

Clearly generic measures, such as the SF-36 and EQ-5D, have a central role in evaluating

the effects of a new procedure: they provide critical information necessary for evaluating the

benefits in economic terms and a common metric for comparing a new procedure with
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existing therapy. This is especially the case when there are competing therapies from which

to choose and the investigator wishes to make comparisons with individuals having other

chronic conditions. However, their major limitation remains an inability to distinguish subtle

health status differences between treatment options. Studies of treatment differences and

comparisons with pancreas transplant recipients and patients on intensive insulin therapy are

essential before islet transplants can be transitioned from clinical research to clinical care.

Disease-specific measures, such as the HFS and the DDS, are useful adjuncts to generic

health status measures. Incorporation of such measures into future islet transplant studies

would greatly deflect criticisms that patient reported outcomes lack clinical credibility and

of randomized controlled trials that lack adequate statistical power from few events. The

marked reduction in hypoglycemia fear that our study found associated with time

posttransplant provides strong evidence for the effectiveness of allogeneic islet transplant for

T1DM patients with hypoglycemia fear and a history of life threatening hypoglycemic

episodes.
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Figure 1.
Participants in the Long-Term Allogeneic Islet Transplant Follow-up Study (LTIS)
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Figure 2.
Least Squares Means for SF-36 Component Summary Scale Scores According to the Years

Following Allogeneic Islet Transplantation.

* Bonferroni adjusted p value < 0.05
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Figure 3.
Least Squares Means for Beck Depression Inventory and the EuroQol 5D According to the

Years Following Allogeneic Islet Transplantation.

* Bonferroni adjusted p value < 0.05
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Figure 4.
Least Squares Means for Diabetes Distress Scales According to the Years Following

Allogeneic Islet Transplantation.

* Bonferroni adjusted p value < 0.05
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Figure 5.
Least Squares Means for Hypoglycemia Fear According to the Years Following Allogeneic

Islet Transplantation.

* Bonferroni adjusted p value < 0.05
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Figure 6.
Average Daily Insulin Use (Units/Day) According to Years Following Allogeneic Islet

Transplant.
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Table 2

Adjusted Means* at Evaluation for Allo Islet Transplant Recipients (N = 12) and Allo Islet Transplant

Evaluations (N = 48).

Allo Islet Transplant Recipients Allo Islet Transplant Evaluations Only P value

SF-36 Health Survey

 Physical Functioning 91.0 85.1 0.348

 Role-Physical 77.4 71.4 0.582

 Bodily Pain 83.4 75.9 0.386

 General Health 56.1 49.1 0.349

 Social Functioning 77.0 70.6 0.492

 Vitality 49.9 56.1 0.392

 Role-Emotional 84.1 80.5 0.640

 Mental Health 59.4 57.9 0.736

 Physical Component Summary 52.7 49.6 0.343

 Mental Component Summary 42.3 42.4 0.984

Beck Depression Inventory 15.2 8.3 0.019

EQ-5D VAS 65.9 66.4 0.943

Diabetes Distress Scale

 Emotional Burden 36.7 48.9 0.236

 Physician Related Distress 12.2 10.4 0.768

 Regimen Related Distress 17.5 18.6 0.859

 Interpersonal Distress 10.5 21.4 0.174

Hypoglycemia Fear Scale

 Behavioral Subscale 44.7 49.6 0.401

 Worry Subscale 57.0 58.0 0.894

*
Values adjusted for age, gender, marital status, years with diabetes, HbA1C, and the number of hypoglycemic episodes in the previous 12 months.
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