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OBJECTIVEdDetermine the impact of islet transplantation on carotid intima-media thick-
ness (CIMT), a marker for atherosclerosis, in type 1 diabetes without kidney disease.

RESEARCHDESIGNANDMETHODSdConsecutive case series of 15 adults (mean age
[SD], 49 years [10 years]; 87% female) with type 1 diabetes for$5 years (mean duration [SD], 30
years [12 years]; meanHbA1c [SD], 7.2% [0.9%]), without kidney disease, presenting with severe
hypoglycemic unawareness to undergo allogeneic pancreatic islet transplant(s) (one to three
each) in a phase 1/2 and 3 clinical trial. Current follow-up ranges from 1 to 5 years (2005–
2011). CIMT of the common and internal carotid arteries was measured before and every 12–16
months after the first transplant (two to six CIMTs each) by one ultrasonographer and one
blinded reader. CIMT was analyzed as change from baseline to 12- and 50-month follow-
up; a combined CIMT score was calculated as the sum of the standardized IMT scores (SD units
[SDs]) of both arteries.

RESULTSdAll patients achieved insulin independence after one to three transplants. CIMT
decreased at 12months (n = 15) for the common carotid (20.058mm; P = 0.006) and combined
score (21.28 SDs; P = 0.004). In those with 50-month follow-up (n = 7), the decrease in the
combined score continued from 12 (21.59 SDs; P = 0.04) to 50 months (20.77 SDs; P = 0.04).
During follow-up, the decreasing slope of change in CIMT was associated with decreasing slopes
of change in HbA1c, lipoproteins, and cardiovascular/inflammatory markers.

CONCLUSIONSdIslet transplantation may ameliorate diabetes-related atherosclerosis
through improved glycemic control consequent to restoring endogenous insulin secretion,
and optimal lipid management posttransplant also contributes.
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Mortality from ischemic heart dis-
ease in individuals with type 1
diabetes is substantial. Risk esti-

mates for those with type 1 diabetes,60
years of age range from 6- to 9-fold higher
for men, and 13- to 15-fold higher for
women, compared with the general pop-
ulation (1,2); and there is an exceptionally
elevated risk, .40-fold, for women with
type 1 diabetes ,40 years of age (2).

Follow-up of the Diabetes Control and
Complications Trial/Epidemiology of Dia-
betes Interventions and Complications
(DCCT/EDIC) cohort demonstrated that
intensive glycemic control slows the pro-
gression of atherosclerosis, as quantified
by carotid intima-media thickness (CIMT)
(3,4), with the largest benefit evident dur-
ing the first 6 of 12 years after intensive
treatment (4). Further, intensive glycemic

control prevents cardiovascular events in
those with type 1 diabetes (5).

Despite known benefits, long-term
maintenance of optimal glycemic control
is difficult (6). Many patients cannot
tolerate intensive insulin therapy and ex-
perience debilitating hypoglycemic epi-
sodes. One treatment for type 1 diabetes
is pancreas transplant, which has been
shown not only to improve glycemic con-
trol but also to decrease CIMT to levels
comparable to those in individuals with
type 1 diabetes without kidney disease
over 2 years of follow-up (7). However,
whole-pancreas transplant represents a
difficult and risky surgical procedure
(8). Although currently considered an ex-
perimental surgery, islet transplantation
has emerged as an alternative treatment
for patients with type 1 diabetes and de-
bilitating hypoglycemia. This minimally
invasive procedure is associated with
less procedural-related morbidity than
whole-pancreas transplantation and may
therefore represent a safer and simpler
treatment option than whole-organ trans-
plant to stabilize glucose metabolism and
achieve insulin independence while lim-
iting hypoglycemic episodes (9,10).
However, adverse events can occur with
islet transplantation, including peritoneal
bleeding and a decline in kidney function
from immunosuppressive drugs (9,11).
Fortunately, a recent report indicated that
adverse event rates occurring with islet
transplantation have steadily improved
over the last decade and that mortality is
low (12).

Because of the relatively recent de-
velopment and clinical implementation of
this treatment, long-term benefits remain
largely unknown. Islet transplantation may
represent a treatment that may not only
be a safer alternative to whole-pancreas
transplantation in achieving insulin
independence but also be a way to prevent
the considerable morbidity and mortality
associated with ischemic heart disease in
type 1 diabetes (13). To our knowledge,
only one study has explored the effect of
islet transplantation on CIMT in type 1
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diabetes. Conducted in individuals with
end-stage renal disease, several of whom
had previous cardiovascular events, this
study found that those receiving a kid-
ney-islet transplant had a small, nonsignif-
icant increase in CIMT compared with the
kidney-only transplant group, which
experienced a significant increase in
CIMT over 3 years of follow-up (14).

It has not yet been determined
whether minimally invasive islet trans-
plantation slows or even reverses the
progression of atherosclerosis, as occurs
with pancreas transplant, in the absence
of kidney disease and previous cardiovas-
cular events. The current study represents
the first report to assess the impact of islet
transplant on atherosclerosis, as mea-
sured by changes in CIMT, in individuals
with type 1 diabetes without kidney
disease.

RESEARCH DESIGN AND
METHODS

Study and participants
This consecutive case series consists of 15
adult patients who underwent allogeneic
pancreatic islet transplant(s) as part of an
ongoing phase 1/2 and 3 clinical trial
(NCT00679042) to achieve insulin in-
dependence. The trial has been previously
described (11). In brief, patients were el-
igible for transplant if they were 18–65
years of age, had type 1 diabetes for $5
years, and presented with hypoglycemic
unawareness despite optimal insulin
management efforts. Patients were ex-
cluded if one of the following conditions
was present: untreated cardiac, kidney
(based on creatinine clearance, serum
creatinine, and urinary albumin-to-
creatinine ratio), or liver disease, hyper-
lipidemia, history of cancer or stroke,
active infection, substance abuse including
cigarette smoking, HbA1c .12% or BMI
.26, uncontrolled psychiatric disorder,
use of corticosteroids or anticoagulants,
and pregnancy. The 15 patients are from
the University of Illinois at Chicago (UIC)
Medical Center and have received a total of
27 islet transplants (one to three trans-
plants each). Current follow-up ranges
from 1 to 5 years after first transplant
(2005–2011). Study approval was ob-
tained from the Institutional Review Board
at UIC, and patients provided written in-
formed consent.

The first four patients received the
Edmonton protocol of immunosuppres-
sion, including daclizumab (1 mg/kg
before transplantation, and 2, 4, 6, and

8 weeks after each islet transplant), siro-
limus (0.2 mg/kg loading dose, thereafter
0.1 mg/kg aiming at trough levels of 10–
15 mg/mL), and tacrolimus (0.5 mg start-
ing dose, thereafter adjusted to trough
levels of 3–6mg/mL). Sirolimus was stop-
ped and substituted with mycophenolate
mofetil when patients presented with side
effects such as recurrent mouth sores or
the development of macroalbuminuria
(urine albumin-to-creatinine ratio .300
mg/g). The remaining 11 patients received
the UIC protocol, which included etaner-
cept (50 mg i.v. before and 25 mg s.c. 3, 7,
and 10 days after each transplant) and ex-
enatide (5 mg s.c. b.i.d. for 2 weeks and
then 10 mg s.c. b.i.d. for 6 months), in
addition to the Edmonton protocol. The
study protocol followed the American Di-
abetes Association guidelines for lipid and
blood pressure control; addition or adjust-
ment of the statin and antihypertensive
dose were permitted because of the side
effects of the immunosuppressive therapy.
Islet transplant outcomes for the first 10 of
the 15 patients, at 15 months post-first
transplant, have been reported recently
(11). Three patients have withdrawn
(one patient at 13 months post-first trans-
plant because of side effects of the immu-
nosuppression therapy, one patient after
19 months because of islet graft loss, and
one patient after 22 months because of di-
agnosis of local breast cancer), and one
patient died 19 months after transplant
because of sepsis of unknown origin.
These four participants had data available
from their pretransplant and 12-month
posttransplant follow-up exams. The re-
maining 11 are currently enrolled and
continue to be actively followed.

Measurement of CIMT (dependent
variable)
CIMT was assessed before and approxi-
mately every 12–16 months after the first
islet transplant (totaling two to six CIMT
assessments over 5 years). The outcomes
of interest were change from baseline to
12- and 50-month follow-up after the first
transplant. Measurement of CIMT and
technician performance have been previ-
ously described (15). In brief, carotid
arteries were imaged by high-resolution
B-mode carotid artery ultrasound using
Siemens Acuson Sequoia 512 with a
linear-array 7.5-MHz transducer (Phillips
Medical Systems NA, Bothell, WA) with-
out contrast. All measurements were per-
formed by a single ultrasonographer at
the same center using the same equip-
ment, and assessed by a single reader

who was blinded to the study question,
patient, and time point of follow-up. For
each patient, three measurements were
taken on the right and left sides of the
near and far walls of the common and in-
ternal carotid arteries; the mean of these
measurements for the common and inter-
nal artery were analyzed. A combined
CIMT score, developed by the DCCT/
EDIC study (3), was calculated as the
sum of the standardized IMT mea-
surements (z scores; SD units [SDs]) of
both the common and internal carotid ar-
teries (combined score = common z score +
internal z score). CIMT z scores for the
common and internal arteries were calcu-
lated as (patient value – “population”
mean)/“population” SD, where the age-
and sex-specific CIMT “population”
mean and SD in those with type 1 diabetes
were taken from published DCCT/EDIC
data (16).

Clinical measurements (independent
variables)
Patient characteristics included age and
sex. At baseline and each follow-up exam,
diabetes- and cardiovascular-related fac-
tors were measured using the same stan-
dardized protocols. Body composition
was assessed using BMI (weight [kg]/
height2 [m2]), and abdominal adipose tis-
sue distribution (visceral, subcutaneous,
and total) was measured with a 150 elec-
tron beam tomography scanner (Imatron,
San Francisco, CA). Blood pressure was
measured after patients were seated for 5
min. Data on insulin independence (yes/
no), antihypertensive and statin medica-
tion use (yes/no), and immunosuppres-
sive regimen (sirolimus/tacrolimus vs.
mycophenolate mofetil/tacrolimus) were
collected. An extensive lipid and cardio-
vascular and inflammatory marker profile
was performed (Clinical Reference Labo-
ratory, Lenexa, KS), which included the
following: total cholesterol, lipoproteins
(HDL, LDL, and VLDL), triglycerides,
free fatty acids, high-sensitivity C-reactive
protein, apolipoprotein B, apolipopro-
tein A-1, fibrinogen, intercellular adhe-
sion molecule-1, monocyte chemotactic
protein-1 (MCP-1), matrix metallopeptidase-
9, plasminogen activator inhibitor-1
(PAI-1) antigen and activity, vascular cell
adhesion molecule-1 (VCAM-1), and tis-
sue plasminogen activator. HbA1c and
urine albumin-to-creatinine ratio were
measured at the UIC Pathology Laborato-
ries (Chicago, IL) by high-performance
liquid chromatography and the Beckman
LX20 standard chemistry method,
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respectively. Urine and serum creatinine
were used to calculate creatinine clear-
ance; serum creatinine was used to esti-
mate glomerular filtration rate (eGFR)
with the modification of diet in renal dis-
eases equation (17).

Statistical analysis
Analyses were performed in SAS (version
9.2; SAS Institute, Cary, NC). The Sign
test was used to compare paired medians
for nonnormally distributed clinical char-
acteristics. The McNemar test was used to
compare paired proportions. Paired Stu-
dent t tests were used to compare nor-
mally distributed clinical characteristics
and baseline CIMT levels with 12- and
50-month follow-up CIMT levels for the
common and internal arteries and the
combined score. Correlation analyses ex-
plored cross-sectional associations of
CIMT with diabetes- and cardiovascular-
related factors pretransplant, and at 12-
and 50-month follow-up. These statistical
tests were considered significant at P ,
0.05.

Whether the slope of the change in
CIMT levels during follow-up (e.g., a de-
cline in common artery IMT) was associ-
ated with the slope of change in levels of
diabetes- and cardiovascular-related fac-
tors during the same follow-up period
(e.g., a decline in HbA1c) was determined
using unadjusted and multivariable
mixed-effects linear regression models of
repeated measures. Empirical SEs were
calculated, and the autoregressive vari-
ance matrix was specified for the correla-
tion of the repeated measures. Variables
not normally distributed, including inter-
nal carotid artery CIMT, were log trans-
formed. The multivariable models
estimating slope of change in common,
internal, and combined CIMT score
were built by first entering all indepen-
dent variables with P, 0.15 from the un-
adjusted regressions and then using a
stepwise approach to remove the nonsig-
nificant covariates. Therefore, only those
covariates that were significantly associ-
ated with change in CIMT levels during
follow-up at P, 0.01 (to minimize type 1
error from the multiple factors analyzed)
were left in the final models. Interactions
between the significant covariates were
tested in each model, and interactions
that were statistically significant at P ,
0.01 remained in the final models. The
association between change in CIMT level
and change in HbA1c during follow-up
was also explored for confounding and
mediation by other covariates (e.g.,

insulin independence, antihypertensive
use, and immunosuppressive regimen);
the magnitude of the HbA1c regression
coefficients did not change by .10%
when other covariates were entered.
Therefore, nonsignificant covariates did
not remain in the final models as none
were found to be confounders or media-
tors of the CIMT/HbA1c association. Ad-
justing for islet transplant protocol
(Edmonton/UIC) did not substantially
change the regression coefficients. Sensi-
tivity analyses were conducted by exclud-
ing the two males (and the four patients
who had resumed a small dose of insulin
at the end of their follow-up), and the re-
sults did not appreciably change.

RESULTSdAll 15 patients achieved
insulin independence after one to three
transplants. At the end of their respective
follow-up in the current analysis, 11
patients remained insulin free; 3 of the
patients on insulin therapy at the end of
their follow-up had large declines in their
average dose compared with pretrans-
plant (37.5 to 10, 33 to 6, and 25.5 to
1.5 units/day), and 1 patient was on 20
units/day when withdrawn from the trial
because of islet graft loss, as previously
discussed. During follow-up, there were
no severe hypoglycemic events.

Mean age (SD) and diabetes duration
(SD) were 49 years (10 years) and 30 years
(12 years), respectively; 13 patients were
female (Table 1). HbA1c decreased from
7.2% before transplant to 5.9% 12 months
posttransplant (P, 0.001). On the basis of
clinical trial exclusion criteria, no patient
was classified as having kidney disease at
baseline, and no patient presented with
urine albumin-to-creatinine ratio .300
mg/g at 12- and 50-month follow-up.
However, two patients had an eGFR
,60 mL/min/1.73 m2 (44 and 53 mL/
min/1.73 m2) at baseline. There was an
increase in urine albumin-to-creatinine ra-
tio (7 vs. 26 mg/g; P = 0.04; to convert to
mg/mmol, multiply by 0.113) between
baseline and 12 months; eGFR did not
significantly change during follow-up.

Patients experienced a small decline
in BMI (22.6 vs. 21.6 kg/m2; P = 0.01)
between baseline and 12 months. Blood
pressure and lipids were well controlled
with nonsignificant changes in both pa-
rameters during follow-up; 12 patients
were on either antihypertensive or statin
medication at baseline (of which 10 were
treated with both, 1 with only statins,
and 1 with only antihypertensives). The
11 patients on statin therapy at baseline

were using atorvastatin, pravastatin,
rosuvastatin, or simvastatin, with an aver-
age dose of 20 mg/day (range, 10–40 mg/
day). At their last follow-up visit, 11 pa-
tients were using a similar brand of statins
or ezetimibe, with an average dose of 26
mg/day (range, 10–80 mg/day).

There was a significant decrease in
CIMT at 12 months (n = 15) for the com-
mon carotid (20.058mm; P = 0.006) and
combined score (21.28 SDs; P = 0.004)
(Table 2 and Fig. 1). The power to detect
the significant changes in CIMT (two-
sided, paired Student t test with a =
0.05) was .85%. There was a trend
toward a decrease at 12 months for inter-
nal CIMT (20.047 mm; P = 0.10). For
those with a 50-month follow-up (n =
7), there was a slightly larger reduction
in CIMT at 12 months for the three
CIMT measures, which was statistically
significant for the combined score
(21.59 SDs; P = 0.04). At 50 months
posttransplant, there was a continued re-
duction in CIMT, but of smaller magni-
tude, which was significant for the
combined score (20.77 SDs; P = 0.04)
(Fig. 1) and marginally significant for the
internal artery (20.037mm; P = 0.06). The
power to detect the significant changes in
the combined score was.55%. Power for
the nonsignificant changes ranged from 11
to 50%. Taken together, those with a
50-month follow-up demonstrated a sig-
nificant reduction in CIMT 12 months
posttransplant, with subsequent progres-
sion of CIMT. Common carotid IMT pro-
gressed from 12 (0.739 mm) (Table 2) to
50months (0.775mm) at an average rate of
0.011 mm/year ([0.775 2 0.739 mm]/38
months 3 12).

Factors associated with the slope of
change in CIMT during follow-up are
presented in Table 3. For the common
and internal artery and combined CIMT
score, the decreasing slope in CIMT was
associated with a decreasing slope of
change in HbA1c, but this was limited to
individuals with smaller VLDL particle
size. For those individuals with larger
VLDL particle size, the slope in CIMT was
not related to the slope in glycemic control.
The decreasing slope of change in CIMT
during follow-up was also associated with
decreasing slopes in apolipoprotein B,
VCAM-1, and MCP-1 and increasing
slopes in the proportion of the number
of small VLDL particles relative to the total
number of VLDL particles and PAI-1 ac-
tivity. Statin use posttransplant was asso-
ciated with a decreasing slope of change in
common carotid IMT. CIMT was not

452 DIABETES CARE, VOLUME 36, FEBRUARY 2013 care.diabetesjournals.org

Islet transplant and CIMT



associated with age, BMI, blood pressure,
kidney function (creatinine clearance,
albumin-to-creatinine ratio, and eGFR),
insulin independence, antihypertensive
use, or immunosuppressive regimen in
repeated-measures modeling or cross-
sectional analyses, nor did these factors con-
found or mediate the association between
the slope of change in CIMT and HbA1c.

CONCLUSIONSdThe current pro-
spective study demonstrated a signifi-
cant decrease in CIMT after islet
transplantation in individuals with type
1 diabetes. In the first year after trans-
plant, common carotid artery IMT
decreased by ;0.060 mm. A slightly

smaller decrease in CIMT was found in
the first prospective study to look at the
effect of pancreas transplant; 1.8 years
after transplant, common artery IMT
had significantly decreased by 0.045
mm (7). Minimally invasive islet trans-
plantation therefore appears to reverse
the progression of atherosclerosis within
the first few years after transplant, similar
to pancreas transplant. Between 12 and
50 months after islet transplant, our re-
sults showed a progression of common
artery IMT, on average 0.011 mm/year.
However, at 50 months posttransplant,
the combined CIMT score continued to
be significantly reduced compared with
pretransplant levels.

Previous intervention studies aimed at
achieving superior glycemic control have
slowed the progression of CIMT in indi-
viduals with diabetes, but actual regression
of CIMT is rare (18). For example, the
CHICAGO trial demonstrated that antidia-
betic medications stabilize (pioglitazone,
20.001 mm over 72 weeks) or slow the
progression (glimepiride, 0.012 mm over
72 weeks) of common carotid IMT in
type 2 diabetes (15). For type 1 diabetes,
theDCCT/EDICdemonstrated 6 years after
the end of the trial that common carotid
IMT progressed at a significantly slower
rate of 0.006 mm/year in the intensive
treatment group, vs. 0.008 mm/year in
the conventional treatment group (3). In

Table 1dDemographic and clinical characteristics of islet transplant recipients

All participants (n = 15) Participants with 50-month CIMT (n = 7)

Pretransplant
12 months

posttransplant P value Pretransplant
50 months

posttransplant P value

Age (years) 49.4 (9.5) 47.3 (9.4)
Female, n (%) 13 (86.7) 6 (85.7)
Diabetes duration (years) 30.1 (12.2) 28.7 (10.3)
BMI (kg/m2) 22.6 (1.7) 21.6 (1.9) 0.01 22.5 (1.7) 21.5 (1.5) 0.23
HbA1c (%) 7.2 (0.9) 5.9 (0.4) ,0.001 7.5 (1.1) 6.0 (0.4) 0.01
Urine albumin-to-creatinine ratio (mg/g) 7 (23) 26 (130) 0.04 14 (23) 20 (137) 0.45
eGFR (mL/min/1.73 m2) 83.7 (24.0) 83.6 (22.8) 0.98 84.2 (28.6) 79.3 (20.5) 0.56
Antihypertensive use, n (%) 11 (73.3) 13 (86.7) 0.32 4 (57.1) 7 (100) 0.08
Systolic blood pressure (mmHg) 120 (13) 127 (16) 0.28 116 (16) 125 (18) 0.25
Diastolic blood pressure (mmHg) 67 (6) 71 (11) 0.28 66 (8) 71 (10) 0.25
Statin use, n (%) 11 (73.3) 13 (86.7) 0.16 5 (71.4) 6 (85.7) 0.32
Total cholesterol (mg/dL) 165 (33) 185 (49) 0.18 162 (34) 169 (67) 0.74
LDL (mg/dL) 85 (25) 104 (42) 0.11 80 (26) 76 (31) 0.71
HDL (mg/dL) 63 (22) 62 (23) 0.75 63 (19) 71 (38) 0.38
Triglycerides (mg/dL) 61 (30) 90 (122) 0.12 61 (23) 73 (24) 0.69

Data presented as mean (SD) or n (%); urine albumin-to-creatinine ratio and triglycerides are median (interquartile range). To convert albumin/creatinine to
mg/mmol, multiply by 0.113; to convert total cholesterol, LDL, and HDL to mmol/L, multiply by 0.0259; to convert triglycerides to mmol/L, multiply by 0.0112.

Table 2dAbsolute values and change in CIMT pretransplant to 12 and 50 months posttransplant

All participants (n = 15) Participants with 50-month CIMT (n = 7)

Pre Post
Change

(post–pre)
P

value Pre Post
Change

(post–pre)
P

value

Common carotid artery (mm)
12 month 0.789 (0.147) 0.731 (0.111) 20.058 (0.069) 0.006 0.801 (0.188) 0.739 (0.130) 20.062 (0.090) 0.12
50 month 0.801 (0.188) 0.775 (0.151) 20.026 (0.080) 0.42

Internal carotid artery (mm)
12 month 0.767 (0.148) 0.720 (0.088) 20.047 (0.104) 0.10 0.771 (0.165) 0.708 (0.082) 20.063 (0.120) 0.21
50 month 0.771 (0.165) 0.734 (0.157) 20.037 (0.042) 0.06

Common + internal z score
(SDs)

12 month 2.06 (2.51) 0.78 (1.96) 21.28 (1.45) 0.004 2.36 (2.77) 0.77 (1.92) 21.59 (1.69) 0.04
50 month 2.36 (2.77) 1.59 (2.53) 20.77 (0.80) 0.04

Data are presented as mean (SD).
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the one previous study to look at the effect
of islet transplantation on CIMT, con-
ducted in individuals with end-stage renal
disease, there was a nonsignificant increase
in CIMT (0.020 mm/year) in those
receiving a kidney-islet transplant com-
pared with a significant increase in CIMT
(0.033 mm/year) in the kidney-only trans-
plant group over 3 years of follow-up (14).
For comparison, the mean progression of

CIMT in healthy individuals without dia-
betes is 0.005 mm/year (19). The average
rate of common carotid IMT progres-
sion seen in the current study during
follow-up (0.011mm/year), after the initial
large decrease 1 year posttransplant, was
larger than the progression in individuals
with type 1 diabetes without transplant
over 6 years after conventional therapy
(0.008 mm/year) (3) and twice that seen

in healthy individuals (0.005 mm/year)
(19). However, it was half of that seen in
patients with end-stage renal disease with a
kidney-islet transplant (0.020 mm/year)
(14). Therefore, although there is a signifi-
cant decrease in CIMT initially after islet
transplant, the substantial progression in
CIMT after transplantation may increase
CIMT back to pretransplant levels such
that it may no longer remain significantly
reducedbeyond50months posttransplant.

Greater CIMT is associated with an
increased risk of coronary heart disease
(20,21). In terms of clinical significance,
for individuals without diabetes, a
0.100-mm increase in common carotid
IMT is associated with an 11% increase
in the risk of acute myocardial infarction
(20). The Multi-Ethnic Study of Athero-
sclerosis demonstrated a 20% increase in
coronary heart disease for a one SD in-
crease (0.190 mm) in common carotid ar-
tery IMT (21). In the DCCT/EDIC, a 0.002
mm/year slower progression in common
artery CIMT in the intensive versus con-
ventional treatment group (3) paralleled a
57% reduction in nonfatal myocardial in-
farction, stroke, or death from cardiovas-
cular disease in the intensive versus
conventional group (5). Therefore, the ini-
tial reduction in common carotid IMT of
0.060 mm in the first year after islet trans-
plant, with continued reduction of
;0.030 mm after 50 months, may
have a clinical impact on the risk of ische-
mic heart disease in those with type 1 di-
abetes in the first years after transplant.

Figure 1dCombined score (SDs) before and 12 and 50 months after islet transplant. The dotted
line represents the mean change in the score between baseline and 12-month follow-up (n = 15).
The dashed line represents the mean change in the score between baseline and 12- and 50-month
follow-up (n = 7).

Table 3dFactors significantly associated with the slope of change in CIMT pretransplant through 50 months posttransplant

Common carotid artery (mm) Internal carotid artery (log; mm) Common + internal z score (SDs)

n = 15 with 53 repeated measures ba (SE)b P value b (SE) P value b (SE) P value

HbA1c (%)c

when VLDL size #47 nmd 0.035 (0.011) 0.004 0.101 (0.028) 0.001 1.11 (0.23) ,0.001
when VLDL size .47 nm 20.011 (0.012) 0.35 20.014 (0.026) 0.59 0.13 (0.22) 0.55

VLDL size .47 nm (vs. #47 nm)
at HbA1c = 6%d 0.025 (0.017) 0.14 0.070 (0.038) 0.08 0.24 (0.32) 0.45

Statin use (vs. no use) 20.070 (0.024) 0.006 d d
Apolipoprotein B (10 mg/dL) 0.012 (0.003) ,0.001 d d
Small VLDL particles/total VLDL
particles (%) 20.009 (0.002) ,0.001 d 20.14 (0.04) 0.002

VCAM-1 (log; ng/mL) d 0.107 (0.037) 0.007 d
MCP-1 (10 pg/mL) d 0.009 (0.002) ,0.001 d
PAI-1 activity (log; units/mL) d 20.054 (0.014) ,0.001 d

To convert apolipoprotein B to g/L, multiply by 0.01. aCoefficients frommixed-effects linear regression modeling of repeated measures; additional variables that were
tested in all models but were not significantly associated with change in CIMT, nor did they confound or mediate the association between change in HbA1c and CIMT,
included age, body composition, blood pressure, kidney function, antihypertensive use, immunosuppressive regimen, and all other lipids and cardiovascular/
inflammatory markers not presented in the table above. bEmpirical SEs. cP values for interactions between HbA1c and VLDL size on CIMT: common, P = 0.006;
internal, P = 0.01; and z score, P = 0.001. SEs and P values for HbA1c when VLDL size#47 and.47 were estimated separately using identical models but with reverse
coding (0,1) for VLDL size. HbA1c was centered at the sample mean posttransplant (6%). dMean VLDL size and HbA1c posttransplant.
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However, the progression in CIMT of
0.011 mm/year after transplant may limit
the clinical impact on long-term cardio-
vascular outcomes. During follow-up after
islet transplant in the current study, no
patient experienced a myocardial infarc-
tion or stroke; two patients required car-
diac procedures (the first patient, with the
second highest combined CIMT score
during follow-up, required two stents
placed in the left anterior descending ar-
tery 1 year after the first and only trans-
plant; the second patient, with the lowest
combined CIMT score during follow-up,
required balloon angioplasty of the poste-
rior descending artery between the second
and third transplant). Long-term follow-
up is underway to document any addi-
tional cardiovascular events.

The decreasing trend in CIMT during
follow-up was associated with improve-
ments in HbA1c, particularly in those in-
dividuals with small VLDL particle size, a
factor strongly affected by enhanced insu-
lin sensitivity (22). It is well documented
that euglycemia can contribute to stabili-
zation of endothelial function and prolif-
eration (23), and indeed, lower mean
HbA1c largely explained the slower pro-
gression of CIMT in the intensive glyce-
mic control group in the DCCT/EDIC (4).
Our results expand upon the DCCT/
EDIC data by demonstrating that the su-
perior level of glycemic control that can
be achieved with islet transplant com-
pared with intensive insulin management
may have contributed not only to a slower
progression of CIMT but also significant
improvements in CIMT, specifically for
the insulin-sensitive patients. Therefore,
the reduction in CIMT during the first
year after transplant may be explained
by the significant reduction in HbA1c con-
sequent to restoring endogenous insulin
secretion through transplant (11), and
subsequent progression of CIMT may be
explained by declining islet graft function
and glycemic control after the first year
(9). The twofold rate of progression in
CIMT compared with healthy individuals
(19) may also be associated with chroni-
cally higher HbA1c levels compared with
those without diabetes.

The decreasing trend in common
CIMT was also associated with statin use
and improvements in lipids, specifically
declining apolipoprotein B and increasing
concentrations of the small (vs. large)
VLDL particles. This is consistent with
previous research demonstrating that sta-
tin therapy can promote regression of
atherosclerotic plaques (24) and CIMT

(25). Improvements in internal CIMT
were also associated with decreasing
trends in VCAM-1 and MCP-1 and an in-
creasing trend in PAI-1 activity, consis-
tent with decreased inflammation and
atherogenesis. CIMT was not associated
with kidney function, periods of insulin
independence, or medications such as an-
tihypertensives and immunosuppressive
regimen posttransplant.

A strength of the current study is that
it is prospective, with up to 50 months of
follow-up, in which each individual was
his/her own control, measured before and
after the intervention. The lack of a con-
current control group of similar patients
without transplant to study 12-month
change in CIMT may be considered a
weakness, but such a concurrent control
group was not feasible in this study; the
average time on the islet transplant wait-
ing list at the UIC Medical Center was
only 4.4 months, and only one patient
was on the list for .1 year. Additionally,
the U.S. Food and Drug Administration
has stated that historical control data such
as the DCCT/EDIC are sufficient as con-
current control groups in islet transplan-
tation trials are not practical because of
the following: the unwillingness of pa-
tients to be control subjects; the poten-
tially high control dropout rate that may
occur, even if control subjects are able to
be recruited, because of the open-label
nature of the trial; the limitations of the
comparative information that would re-
sult from the inability to blind patients
and investigators; and the inability to
power a trial to detect treatment-related
effects given the limited availability of is-
lets and the high costs of each patient
(26,27). An additional strength of the
study is that it did not enroll individuals
with kidney disease or previous cardio-
vascular events, as defined by the clinical
trial exclusion criteria, two potentially
confounding factors. However, there
were decreases in kidney function for
some patients after islet transplant, a con-
cerning and not uncommon side effect of
immunosuppressive medications in islet
transplantation (9).

The current study was limited to a
case series of 15 individuals, with half of
the cohort followed for the full 5 years. To
increase statistical power, the analyses
evaluating predictors of CIMT used re-
peated measures. These results are
suggestive of potentially important
changes for those with type 1 diabetes
and will need validation in a larger cohort
of patients. It would also be informative to

determine whether regression of CIMT
and/or the slowing of other cardiovascu-
lar outcomes occur in a xenotransplant
setting in light of the recent successes in
xenotransplantation (28). As periods of
insulin independence have been found
to increase with potent induction immu-
notherapy (29), longer-term follow-up
will also be needed in other cohorts to
see whether improvements in CIMT
could potentially be sustained for .50
months as insulin independence becomes
more durable; although insulin indepen-
dence was not significantly associated
with CIMT in the current study.

In conclusion, minimally invasive
islet transplantation leads to insulin in-
dependence and may also slow the pro-
gression of atherosclerosis caused by type
1 diabetes. The underlying mechanism is
likely related to improved glycemic con-
trol consequent to restoring endogenous
insulin secretion through the islet trans-
plant, and optimal lipid management
posttransplant also contributes.
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