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Abstract
Background—Fanconi anemia (FA) is an autosomal and X-linked recessive disease of
chromosomal instability which results in bone marrow failure. Children with FA have been shown
to have an increased risk of diabetes mellitus (DM).

Procedure—A cross-sectional study of glucose and insulin metabolism was conducted in 17
children with FA who had undergone hematopoietic cell transplantation (HCT) at the University
of Minnesota. First phase insulin release (FPIR) was determined by intravenous glucose tolerance
test (IVGTT). Oral glucose tolerance test (OGTT), lipid panel, blood pressure, and medical history
were reviewed for additional metabolic abnormalities.

Results—Seventeen FA participants, median age 11.3 (range 5.5–17.6) years, were evaluated.
IVGTT identified three separate groups: low FPIR, normal FPIR, and high FPIR. Those with low
FPIR were more likely to have low BMI, but had normal glucose levels. Those with high FPIR,
had high BMI, elevated lipids and body fat. One patient with normal FPIR had impaired glucose
tolerance and another with normal FPIR has impaired fasting glucose. No participant was
diagnosed with DM by fasting glucose, 2 hour glucose during OGTT, or hemoglobin A1c.

Conclusions—The majority of children with FA had normal glucose tolerance and normal beta-
cell function after HCT. Two small subsets of patients had lower than expected and higher than
expected FPIR. The clinical significance of these differences is not yet known given the normal
glucose tolerance and fasting glucose levels in these two groups.
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Introduction
Fanconi anemia (FA) is a genetically and phenotypically heterogenous disorder
characterized by chromosomal instability which results in bone marrow failure and an
increased risk of malignancy. Congenital abnormalities of the heart, kidneys, extremities
(e.g. radial aplasia), ears, eyes, head, and genitals are common [1]. Most children with FA

Corresponding author: Anna Petryk, M.D. University of Minnesota, Pediatric Endocrinology, 516 Delaware Street SE, PWB 13-124,
MMC8404, Minneapolis, MN 55455, E-mail: petry005@umn.edu.

NIH Public Access
Author Manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2010 August 1.

Published in final edited form as:
Pediatr Blood Cancer. 2009 August ; 53(2): 191–196. doi:10.1002/pbc.22043.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



are eventually treated with hematopoietic cell transplantation (HCT). With improved
outcomes after HCT, more children with FA are living into adulthood. Consequently, long-
term health implications of both FA and HCT, such as diabetes, have become important to
understand.

In the general population, HCT itself has been associated with a long-term increased risk of
DM [2–8]. However, patients with FA have a high likelihood of developing DM even prior
to HCT [9–11]. In a study by Wajnrajch et al. 25% of the children with FA had impaired
glucose tolerance by oral glucose tolerance testing (OGTT) [11]. The majority of these
patients (94%) had not received HCT, arguing for a glucose/insulin defect that is intrinsic to
FA. In addition, a recent study by Elder et al. found that 46% of children with FA before
HCT had impaired glucose tolerance (IGT) or DM by OGTT [9], also suggesting an innate
defect to FA. Giri et al. [12] found 4% (1/24) of children studied with FA had diabetes by
OGTT; it is not stated whether any of these children were treated with HCT.

Both insulin resistance and impaired insulin secretion have been implicated in the
development of DM in children with FA [9,11,12]. Giri etal. [12] reported that 17% (4/24)
of their group of FA children had insulin resistance diagnosed by the homeostasis model
assessment of insulin resistance (HOMA-IR). In the study by Wajnrajch et al. a subgroup of
patients with complementation group FA-C had significantly lower peak OGTT insulin
levels even though their baseline insulin levels were elevated suggesting both insulin
resistance and diminished insulin secretory capacity [11]. Elder et al. found that 51% of
patients with FA had insulin secretion levels (determined by insulinogenic index) lower than
their non-FA control population [9]. They suggested that the relatively low insulin is
pathologic and contributes to impaired weight gain and growth.

The OGTT gives only a crude estimate of β-cell secretory function. In order to more
accurately assess insulin secretion [13,14] and glucose tolerance post-HCT, we performed
the intravenous glucose tolerance test (IVGTT) and an OGTT. IVGTT testing has not been
previously reported in patients with FA. Metabolic parameters including obesity,
hypertension, and hyperlipidemia were assessed as well.

Patients and Methods
Patients

From March 2005 to May 2007, all children with FA (<18 years), who had received
treatment with HCT at the University of Minnesota, were eligible for this study. Seventeen
children, 12 males and 5 females, agreed to participate; 8 declined and 1 was excluded due
to a technical problem during the IVGTT. This study was approved by the Institutional
Review Board (IRB) of the University of Minnesota. Written informed consent was obtained
before the study from the parent/guardian and assent from the child between age 8 and 17
years.

IVGTT
The IVGTT was performed according to the ICARUS protocol [15]. After an overnight fast,
blood samples were collected through a peripheral intravenous catheter (or central line when
available), 10 minutes and 1 minute before 0.5 g/kg (maximum 25 g) 20% dextrose was
given intravenously over 3 minutes, then again 1, 3, 5, 7, and 10 minutes after the end of
glucose infusion. First phase insulin release (FPIR) was calculated as the sum of the 1 and 3
minute insulin levels minus fasting insulin (FI) [15]. FPIR was compared to data by Lorini
et al. evaluating healthy, pediatric, control subjects and non-FA children treated with HCT
[5].
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Fasting Glucose and Insulin, HOMA β-cell function, and HOMA Insulin Resistance
Plasma glucose analysis was conducted at the University of Minnesota Fairview laboratory
by the glucose oxidase assay (Vitros, Rochester, NY). Fasting glucose was categorized as
follows per the 2008 American Diabetes Association (ADA) diagnostic criteria [16]: fasting
glucose <100 mg/dl (5.6 mmol/l) = normal, fasting glucose 100–125 mg/dl (5.6–6.9 mmol/l)
= impaired fasting glucose (IFG), and fasting glucose ≥126 mg/dl (7.0 mmol/l) = diabetes.

Insulin analysis was conducted in the University of Minnesota Fairview laboratory by a
chemiluminescence solid phase immunometric assay (Immulite and Immulite 2000,
Diagnostic Products, Corp, Los Angeles, CA). The homeostasis model assessment of insulin
resistance index (HOMA-IR) was calculated as the product of fasting insulin (μU/mL) and
fasting glucose (mmol/l) divided by 22.5 [17] and used as a measure of insulin resistance
[18]. HOMA β-cell function was determined by the following equation: (20 × fasting insulin
(μU/mL)) divided by (fasting glucose (mmol/l) – 3.5) [17,18].

OGTT
Twelve of the 17 patients had an OGTT done within 1 year of the IVGTT. OGTT was
performed after an overnight fast. Blood was sampled through peripheral intravenous
catheter or central line if available at time 0, and 30, 60, 90, and 120 minutes after 1.75 g/kg
(maximum 75 g) of glucose was administered as a 20% oral solution. Plasma glucose and
insulin levels were determined. Patients were classified as having normal glucose tolerance
(2 hour plasma glucose <140 mg/dl (7.8 mmol/l)), impaired glucose tolerance (2 hour
plasma glucose 140–199 mg/dl (7.8–11.1 mmol/l)), or diabetes (2 hour plasma glucose ≥200
mg/dl (11.1 mmol/l)) per the ADA diagnostic criteria [16].

Metabolic assessments
A serum fasting lipid panel was obtained during routine clinical practice within 1 year of
IVGTT in 13 patients. Lipid panels were conducted at the University of Minnesota Fairview
laboratory by colorimetric reflectance spectrophotometry (cholesterol oxidase) for total
cholesterol (CHL), triglycerides (TG), and high density lipoprotein (HDL). Low density
lipoprotein (LDL) was calculated. A CHL < 200 mg/dl, TG < 150 mg/dl (1.7 mmol/l), HDL
> 40 mg/dl (1.0 mmol/l), and LDL < 130 mg/dl were considered normal. Body mass index
(BMI) was calculated by weight (kg)/height (m)2; BMI Z-scores are based on the Center for
Disease Control (CDC) growth charts. Systolic blood pressure was taken as the average of
up to 3 measurements within the 3 months prior to the IVGTT. Percent body fat was
determined by dual energy x-ray absorptiometry (DXA) performed at University of
Minnesota- Fairview (GE Lunar Prodigy).

Statistical analysis
Data distribution was assessed for skewness. Non-normally distributed data are presented
with both median, first and third quartiles (Q1, Q3). Normally distributed data are presented
with mean and SD. Non-normally distributed data were analyzed by non-parametric
methods (Spearman correlation, Wilcoxon or Kruskal-Wallis tests), and normally distributed
data were analyzed by Pearson correlation and Student’s t-test. All associations with a p
value <0.05 were considered statistically significant. Statistical analysis was conducted
using SAS, version 9.1; graphics were created in Microsoft Excel and R, version 2.8.1.
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Results
Patients

Seventeen FA participants, median age 11.3 (range 5.5–17.6) years, were enrolled in this
study (Table I). All 17 patients had undergone HCT at the University of Minnesota, between
May 2001 and November 2006. The median age at HCT was 9.2 (range 4.7–17.3) years, and
time since HCT 1.6 (range 0.2–4.2) years. At the time of IVGTT, 8 children were pubertal
(2 Tanner II, 2 Tanner III, 4 Tanner IV), 4 were receiving treatment with steroids – 2 for
chronic graft versus host disease (cGVHD), 1 for hemolytic anemia, and 1 for pre-treatment
with amphotericin B lipid complex. One patient was being treated with growth hormone
(GH). No child had a known diagnosis of diabetes.

Fasting Glucose and Insulin Levels
Fasting glucose was normal in 16 patients, impaired in only one. No child had a fasting
glucose level consistent with diabetes. Fasting insulin level was less than 15 μU/ml in 15/17
subjects, which is the upper limit of normal in the laboratory performing the insulin assay.
Fasting insulin was positively correlated with age at IVGTT and age at HCT. Those with
higher fasting insulin levels had greater adiposity as measured by DXA, and fasting insulin
levels were positively associated with TG and LDL levels. Fasting insulin was not
significantly associated with gender, pubertal status, BMI, previous history of total body
irradiation (TBI), HCT source, GVHD, current steroid or GH treatment, or history of small
for gestational age at birth (SGA).

Intravenous glucose tolerance test (IVGTT)
In general, FPIR level was positively correlated with BMI, CHL, TG, and percent body fat,
but not with age at IVGTT, age at HCT, time since HCT, TBI, gender, HCT source, GVHD,
pubertal status, current steroid or GH treatment, history of SGA, or hypertension.
Comparing to FPIR from healthy pediatric controls and non-FA children treated with HCT
reported by Lorini et al. [5], our study sample fell into three groups (Figure 1). The majority
of FA children (10/17, 59%) had completely normal FPIR. These children had normal BMI
Z-scores. Four participants (24%) had lower than expected FPIR- FPIR was significantly
lower than both healthy controls and children without FA who were treated with HCT
(p<0.001). This group tended to be underweight, with a low BMI for age and gender,
compared to other FA patients, and had lower fasting insulin levels (Table I). Three
participants (17%) had significantly increased FPIR compared to other children with FA and
to both healthy children and non-FA children who were treated with HCT (p<0.001). With
the exception of one child with a low BMI who was receiving treatment with
glucocorticoids, this group had normal BMI Z-scores, however they had a significantly
higher percent body fat than the other two FA groups. In addition, they had higher fasting
insulin levels, increased HOMA-IR, and increased HOMA β-cell function compared to the
other two FPIR groups (Table I). Both participants with a fasting insulin level above 15 μU/
ml were in this group. There were no other significant differences between the three FPIR
groups for the prevalence of known or suspected risk factors for abnormal glucose and
insulin metabolism such as pubertal status, steroid or GH treatment, or TBI (Table I).

HOMA Assessment of β-Cell Function and Insulin Resistance
When analyzed as a continuous variable, FPIR was positively correlated with HOMA β-cell
function. Study participants with high FPIR tended to have high HOMA β-cell function, and
those with low FPIR had lower HOMA β-cell function (Figure 2). HOMA β-cell function
was also positively correlated with CHL, TG, LDL, and percent body fat by DXA,
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indicating that increased serum lipids and increased body fat were associated with higher
levels of insulin secretion during OGTT.

HOMA-IR was positively associated with percent body fat by DXA and with FPIR. Figure 2
shows the relation between HOMA-IR and HOMA β-cell function in FA patients identified
by FPIR status. HOMA β-cell function had a strong, positive correlation with HOMA-IR.
Study participants with low FPIR had low HOMA-IR, suggestive of increased insulin
sensitivity. In contrast, subjects with increased FPIR had higher HOMA-IR suggesting they
were more insulin resistant (Figure 2). HOMA-IR differed significantly between these two
groups with low and high FPIR (Table I). Neither HOMA-IR nor HOMA β-cell function
was significantly associated with age at OGTT, BMI, TBI, gender, HCT source, GVHD,
pubertal status, current steroid or GH treatment, or a history of SGA.

Oral glucose tolerance test (OGTT)
OGTT data were available on 12 patients (Figure 3). Glucose tolerance was completely
normal in the 4 participants with lower than expected FPIR. No participant had diabetes
mellitus by fasting glucose, 2-hour plasma glucose, or hemoglobin A1C (mean 5.2%±0.4,
range 4.8–6.1%). One participant had IFG; she had a normal BMI, normal FPIR, was
pubertal, had a normal lipid panel and blood pressure, and was not born SGA. One other
participant had IGT. She had normal BMI, normal FPIR, was pubertal, had normal lipid
panel and blood pressure, but was born SGA. Neither individual received TBI, was currently
treated with steroids or GH, or had acute or chronic GVHD.

Discussion
In contrast to previous reports of significant glucose tolerance abnormalities in children with
FA prior to HCT, we found normal glucose tolerance and beta-cell function in the majority
of FA children following HCT. FPIR was normal in more than half of the children, elevated
in about a quarter, and reduced in about a quarter. Abnormal glucose tolerance was only
found in one child and impaired fasting glucose in another child, both of whom had normal
FPIR.

Two previous studies have identified low insulin levels during OGTT in children with FA
[9,11], and it has been suggested that this is pathologic and may lead to poor weight gain
and growth[9]. The current study more accurately assessed beta-cell function using the
IVGTT and found 4 out of 17 children with lower than expected FPIR. These children were
younger, less likely to have entered puberty, and more sensitive to insulin than those with
greater FPIR. Importantly, they had completely normal fasting glucose levels and oral
glucose tolerance. Thus it is difficult to ascribe any pathology to their relatively low insulin
secretion.

Elevated FPIR was associated with insulin resistance, increased adiposity, and greater
abnormalities in lipid levels in our FA participants. Previous studies have found an increased
risk of hyperinsulinism and diabetes mellitus in long-term survivors of childhood HCT, even
in the presence of normal BMI [2,3,8], and in particular in association with a history of
irradiation [2,4–6,8]. Our data is consistent with these findings of hyperinsulinism in the
face of normal BMI after HCT. However, there appears to be a synergistic effect of FA and
HCT in some patients on insulin resistance, since three of our FA participants had
significantly higher FPIR compared to FPIR in children without FA after HCT [5]. This
group with elevated FPIR represented a minority of subjects in the current study, and we
were unable to find any association with TBI history. Surprisingly, current steroid treatment
did not appear to have a significant impact on insulin secretion or glucose metabolism either.
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Wajnrajch reported genotype-phenotype correlations between complementation group and
hyperinsulinism (FA-G, FA-A) and with insulinopenia (FA-C) [11]. It is intriguing that the
mutation for FA-C lies in the same region on chromosome 9 as the gene encoding the
protein fructose-1,6-bisphosphatase, which is thought to be associated with Type 2 diabetes
mellitus [19]. There were no children with FA-C in this study. The children with lower FPIR
were all FA-A, however two did not have mutation analysis performed. Unfortunately, our
sample size is too small to determine any statistically significant genotype-phenotype
correlations which could account for metabolic differences.

Elder et al. found a prevalence of abnormal glucose metabolism in 46% (n=16) of FA
patients who had not been treated with HCT; 34% had impaired glucose tolerance and 11%
had diabetes mellitus [9]. After HCT, we found a prevalence of abnormal glucose
metabolism of 17% (n=2), and no children had diabetes mellitus. Factors contributing to this
lower prevalence may be the fact that our group had lower BMI Z-scores and fewer children
who were SGA at birth. However, the difference in prevalence of abnormal glucose
metabolism is surprising given that our population was slightly older on average, had
received HCT, and some patients were being treated with steroids, whereas this was not the
case in patients studied by Elder et al. We do not fully understand the difference in the
prevalence of glucose intolerance before and after HCT. It would be premature to speculate
that HCT itself might have had a positive impact on glucose metabolism in these patients.
To clarify these differences, more prospective studies are needed assessing IVGTT and
OGTT before and after HCT.

A major limitation of this pilot study is that we did not study the participants prior to their
HCT. Thus, although published data have reported a high frequency of glucose tolerance
abnormalities in FA children who have not undergone HCT, we cannot say for certain that
the children in the current study had worse FPIR or oral glucose tolerance before their
transplant. Also, we were obligated to use control data from the literature for FPIR levels
since our IRB would not allow testing on non-FA children who had undergone HCT. We did
not perform euglycemic clamp studies, but instead relied upon surrogate markers of insulin
resistance.

In conclusion, the majority of children with FA had normal glucose tolerance and normal
beta-cell function after HCT. Two small subsets of patients had lower than expected and
higher than expected FPIR. The clinical significance of these differences is not yet known
given the normal glucose tolerance and fasting glucose levels in these two groups. Future
studies are needed to better delineate the impact of HCT on glucose metabolism, and the
clinical significance of relative insulinopenia in children with FA who are underweight. We
recommend OGTT assessment a minimum of every two years after HCT in children with
FA. In addition, screening should be done prior to HCT in view of the high prevalence of
abnormal glucose metabolism in FA patients who have not been treated with HCT, and the
possible increased risk of infection during HCT reported by Derr et al. [20].
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Figure 1.
First Phase Insulin Release (FPIR, μU/ml) for the study participants (n = 17) with reference
intervals (means ± 2 standard deviations) for FPIR in healthy children (n = 21) and children
without FA treated with HCT (n = 26), from Lorrini et al, 1995. Three distinct groups are
identified by blue dots (low FPIR), open circles (normal FPIR), and red triangles (high
FPIR) in comparison to healthy controls.
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Figure 2.
HOMA-IR and HOMA β-cell function in the study sample; those with low FPIR marked by
blue dots, high FPIR by red triangles, and normal FPIR by open circles. – Reference
intervals (boxplots) are from healthy children (Healthy, n = 98) and children without FA
who were treated with HCT (HCT, n = 21), from d’Annunzio, 2006 [21]. The boxplots
display the interval from 25th to 75th percentiles with a box, divided by a white line at the
median, with lines drawn to the minimum and maximum values. The boxplot for HCT
children is truncated below the 75th percentile.
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Figure 3.
Comparison of OGTT data by low, normal, or high FPIR. Three distinct groups are
identified by blue closed circles (low FPIR, n=2), black open circles (normal FPIR, n=7),
and red triangles (high FPIR, n=3). Mean±SE insulin (A) and mean±SE glucose (B) data are
presented.
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