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T

ransplant-associated hyperglycemia (TAH) encompasses the full range of new-onset, posttransplantation
glycemic abnormalities, including the prediabetic states
of impaired fasting glucose and impaired glucose tolerance, as
well as new-onset diabetes after transplantation (NODAT).
TAH is a common transplant-related complication that leads to
higher rates of cardiovascular events, death, and allograft loss
(1,2). Numerous risk factors predispose patients to TAH; some,
such as the use of calcineurin inhibitors (CNIs), impair pancreatic insulin secretion, whereas others, such as obesity, impair
insulin sensitivity (3). The study by Hornum et al. (1) in this
issue of CJASN aimed to elucidate the relative contributions of
defects in insulin secretion versus insulin resistance in the development of TAH. Their results highlight the importance of
insulin resistance.
Estimation of the cumulative incidence of TAH depends on
the population studied and the surveillance method used. US
registry data analysis suggests that 15% of kidney recipients
develop clinically diagnosed NODAT by 1 year after transplantation (4). More sensitive methods, such as oral glucose tolerance testing, allow detection of impaired fasting glucose or
impaired glucose tolerance that, similar to NODAT, are associated with adverse posttransplantation cardiovascular outcomes (4). Single-center reports using these methods indicate
that, in addition to patients who are classified as having NODAT, the prediabetic states are present among 30 to 45% of
kidney recipients at 1 year after transplantation (1,5,6). Evidence from meta-analyses and clinical trials confirms that TAH
occurs in a substantial proportion of transplant recipients and
should be a major cause for concern (7–9).
The greater risk for death and cardiovascular complications
observed in patients with NODAT is similar to that seen in
patients with diabetes in the general population (4). For example, in a single-center study with detailed information about the
metabolic profile of kidney transplant recipients, Cosio et al.
(10) reported an adjusted hazard ratio for mortality of 1.80 (P ⬍
0.01) associated with NODAT. Notably, the metabolic milieu of
patients with TAH is characterized not just by abnormal glu-

Published online ahead of print. Publication date available at www.cjasn.org.
Correspondence: Dr. Roy D. Bloom, Renal Division, 1 Founders Pavilion, Hospital of
the University of Pennsylvania, 3400 Spruce Street, Philadelphia, PA 19104. Phone:
215-662-2638; Fax: 215-349-5176; E-mail: rdbloom@mail.med.upenn.edu
Copyright © 2010 by the American Society of Nephrology

cose homeostasis but also by deterioration in the lipid profile,
higher BP, and elevated inflammatory markers. Even after multivariable adjustment for lipids, BP, and inflammation, however, TAH remains an independent risk factor for cardiovascular events (2). A recent analysis of US registry data suggested
that for many patients with TAH, mortality becomes an important competing outcome, to the extent that TAH makes it more
likely that a patient will die before the allograft fails (11).
An extensive literature on TAH has illuminated the many
risk factors for development of TAH. Before transplantation,
older age, obesity, hepatitis C infection, family history of type 2
diabetes, and metabolic syndrome increase the probability of
subsequent glycemic abnormalities through insulin resistance
(3). The association of black race with diabetes also seems to be
mediated by insulin resistance, although studies of race-specific
mechanisms of disease in TAH are lacking (12). After transplantation, corticosteroid use and weight gain may magnify
insulin resistance further (13). Conversely, CNIs, particularly
tacrolimus, as well as proliferation signal inhibitors (e.g., sirolimus) impair insulin production from pancreatic ␤ cells. Consistent with the role of medications, the incidence rate of TAH
is highest in the early posttransplantation months, when corticosteroid and CNI dosages are usually highest (4). Attempts to
decrease TAH risk through steroid-avoidance regimens have
met with mixed success. As an example, a recent randomized,
double-blinded, controlled, multicenter trial compared steroid
withdrawal with long-term low-dosage prednisone (5 mg) in
386 renal transplant recipients who were treated with a tacrolimus and mycophenolate mofetil regimen. By 5 years, there was
no significant difference in the rate of NODAT (21.5% in the
steroid-withdrawal group versus 20.9% in the steroid group) (7).
In this issue of CJASN, Hornum et al. (1) studied TAH in a
cohort of Danish, live-donor kidney recipients who did not
have diabetes prior to transplant and who were treated with
CNI-based regimens. Unlike most previous studies of TAH, the
authors prospectively administered oral glucose tolerance tests
before transplantation and 1 year afterward. This approach
enabled them to exclude undiagnosed preexisting diabetes (recently reported to be present in approximately 8% of kidney
candidates) and to examine changes in response to these oral
glucose challenges within individuals during the first posttransplantation year (14). By 1 year, nearly one third of this
transplant cohort had worsening of their glycemic status, and
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14% had NODAT (1). Using an insulin sensitivity index calculated from insulin and glucose levels measured while fasting
and during the glucose tolerance test, the authors found that
insulin sensitivity worsened after renal transplantation and
concluded that insulin sensitivity is the primary mechanism
that drives the development of TAH.
These results and their interpretation challenge evidence
from animal and human studies suggesting that impaired insulin secretion, caused by CNIs, plays a key role in worsening
of glycemic metabolism after transplantation. For example, in a
study of rats that were treated with tacrolimus, insulin production declined as a result of decreased messenger RNA transcription (15). In another study of murine pancreatic ␤ cells
lines, tacrolimus and cyclosporine inhibited insulin gene transcription that occurs in response to glucose (16). Furthermore,
Nam et al. (6) assessed insulin resistance among 144 kidney
transplant recipients without diabetes by performing insulin
tolerance testing before and after transplantation. The insulin
tolerance test involves intravenous infusion of insulin and measurement of the slope of subsequent serum glucose decline.
Kidney transplantation led to improvement in the insulin tolerance test in this cohort of Korean recipients, although comparisons across the cohort after transplantation showed that patients with worse insulin resistance had a greater likelihood of
impaired glucose tolerance and posttransplantation diabetes.
The conflicting results of Hornum et al. (1) and Nam et al. (6)
may be related to important differences in the cohorts studied
and/or to methods. First, it is possible that the Danish cohort
studied by Hornum et al. had more insulin resistance as a result
of different genetic heritage or clinical characteristics such as a
higher mean BMI (24.4 versus 20.0 to 21.0 in the Nam cohort). A
second alternative seems more likely, which is that assessment
of changes in glycemic metabolism after kidney transplantation
is rendered problematic by the fact that renal function, insulin
sensitivity, and insulin production all may change to varying
degrees in different individuals. Specifically, the insulin sensitivity index used by Hornum et al. relies on serum glucose and
insulin levels. After kidney transplantation, better renal function and faster renal metabolism of insulin would plausibly
lead to lower insulin levels and higher glucose levels, but
because both are in the denominator of the formula used by
Hornum’s group, it is unclear which change would be expected
in this index even if insulin resistance and secretion remained
unchanged. An additional methodologic challenge is that accurate assessment of pancreatic insulin secretory capacity might
need confirmation with other methods, such as measurement of
c-peptide degradation.
In our view, it is likely that insulin resistance does contribute
to the development of TAH. Maintenance of euglycemia requires a balance between insulin secretion and insulin resistance. In new transplant recipients, it is likely that two or more
“hits” occur simultaneously, with CNIs impairing insulin secretion at the same time that the many factors that are associated with insulin resistance come into play. The inability to
compensate in one or the other direction results in TAH. The
importance of insulin secretion is indirectly supported clinically by the well-documented increase in risk for TAH with
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tacrolimus over cyclosporine, which seems to be mediated by
differential effects on pancreatic ␤ cells (17,9). Understanding
the relative contributions of insulin resistance and insulin secretory capacity remains a thorny problem whereby multiple
factors—including preexisting metabolic syndrome, weight
gain, multiple new medications, and resolution of uremia—
change the biological milieu of the transplant recipient.
This study from Hornum et al. (1) indicates that a renewed
focus on improving insulin sensitivity is warranted, especially
in the early posttransplantation period. Therapeutic lifestyle
change should be emphasized, whereas any minimization/
modification of potentially diabetogenic immunosuppressants
has to be very carefully counterbalanced by consideration of the
risk for compromising allograft outcomes (18). The best way to
make use of studies such as that by Hornum et al., however, is
to validate the findings in clinical trials. We need empirical
evidence about the comparative efficacy of TAH prevention
and treatment strategies. If during the next decade new immunosuppressive agents that have similar efficacy to currently
used therapies emerge, then their widespread acceptance will
likely hinge on a lower cardiovascular risk adverse effect profile. From a diabetes therapy standpoint, the past 5 years has
witnessed an impressive expansion in the treatment arsenal;
available medications make use of diverse mechanisms that
have potential advantages. As an example, comparative studies
that involve both thioglitazones, which increase insulin sensitivity, and meglitinides, which potentiate insulin secretion,
should be performed. The even newer class of dipeptidyl peptidase-4 inhibitors further has the advantages of less weight
gain and hypoglycemia than some other agents (3). Trials with
contemporary diabetes agents, besides determining optimal
therapy, could ideally lend clues as to the mechanisms of TAH
that we can fix and ultimately guide us toward better patient
care.
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