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Abstract We sought to determine the prevalence of hyper-
insulinemia and insulin resistance in pediatric patients with
chronic kidney disease (CKD) stages 2–4. Data were
collected on 43 subjects, aged 6–21 years with mean
glomerular filtration rate (GFR)=47 ml/min per 1.73 m2

body surface area. Patients were grouped by body mass
index (BMI) as either non-lean (>85th percentile) or lean
(≤85th percentile). Fourteen (33%) subjects had hyper-
insulinemia, and seven (16%) had elevated homeostasis
model assessment of insulin resistance (HOMA-IR). Non-
lean subjects had a higher serum insulin level (21.0 μU/ml
vs 13.4 μU/ml, P<0.0001) and HOMA-IR (4.9 vs 3.2, P<
0.001) than lean subjects had. The prevalence of hyper-
insulinemia was higher in non-lean patients (40%) than in
lean patients (29%) but was not statistically significant.
High HOMA-IR was present in six (40%) non-lean subjects
and in one lean subject (P<0.001). Correlation analysis
demonstrated that serum insulin level was significantly
associated with BMI, leptin and tumor necrosis factor
(TNF)-α. Stepwise regression determined that increased
BMI (P=0.003) and TNF-α (P=0.01) independently
predicted higher insulin level in the whole cohort. Separate
analysis for lean subjects showed no significant associa-
tions between serum insulin level and BMI; TNF-α was the
only independent predictor of serum insulin (β=1.11, P=
0.01). We conclude that hyperinsulinemia and insulin
resistance are frequent in pediatric CKD. In lean patients
inflammation appears to be an important determinant of
serum insulin level.
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Abbreviations
CV cardiovascular
CKD chronic kidney disease
GFR glomerular filtration rate
TNF-α tumor necrosis factor-α
hsCRP high-sensitivity C-reactive protein
IL interleukin
BMI body mass index
SBP systolic blood pressure
DBP diastolic blood pressure
HOMA-IR homeostasis model assessment of insulin

resistance
NFκB nuclear factor κB
IRS-1 insulin receptor substrate-1

Introduction

Hyperinsulinemia and insulin resistance are well-known
entities which convey elevated risk for cardiovascular
morbidity and mortality in the general population. Recent
studies of adults with chronic kidney disease (CKD) have
shown that insulin resistance and hyperinsulinemia are
already present in patients with mild renal insufficiency and
are independently associated with cardiovascular events [1–
4]. Hyperinsulinemia and insulin resistance have been
described in small studies of adolescents on maintenance
dialysis or with severe renal failure [5–10]. However, there
has been no prior published research describing insulin
levels and insulin resistance in children with mild-to-
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moderate chronic renal insufficiency. The goals of this
study, therefore, were to: (1) describe serum insulin levels
and homeostasis model assessment of insulin resistance
(HOMA-IR) in a cohort of children and adolescents with
CKD stages 2–4, (2) estimate the cross-sectional associa-
tion of these parameters with other potential cardiovascular
(CV) markers such as lipids, adipokines and inflammation,
and (3) define the association of kidney dysfunction and
adiposity with insulin and HOMA-IR levels.

Methods

Forty-three subjects, ages 6 years to 21 years old with CKD
stages 2–4 (measured glomerular filtration rate 16–87 ml/min
per 1.73 m2 body surface area) were recruited. The
Institutional Review Board of Cincinnati Children’s Hospital
Medical Center approved the study, and informed consent
was obtained for each study patient. At the time of
evaluation, demographic and anthropomorphic information
was recorded, including age, race, gender, height, weight,
and blood pressure. Cause of renal disease was obtained
from review of medical records. CKD staging was based on
glomerular filtration rate (GFR) measurement by a single
injection of Ioversol (Optiray 350, Mallinckrodt, St Louis,
Missouri, USA). Iodine in timed blood samples was
measured by X-ray fluorescence analysis (Renalyzer
PRX90, Diatron AB, Sweden), and GFR was calculated
from the slope of the iodine disappearance curve [11]. The
sampling times were determined from the estimated GFR
(eGFR) obtained by the Schwartz formula [12]. For subjects
with eGFR > 60 ml/min per 1.73 m2, blood samples were
obtained at 150 min, 195 min, and 240 min after Ioversol
injection, for those with eGFR of 30–60 ml/min per 1.73 m2,
blood samples were obtained at 150 min, 240 min, and
300 min after Ioversol injection, and for those with eGFR of
<30 ml/min per 1.73 m2 samples were obtained at 180 min,
270 min, and 360 min after Ioversol injection.

After the patient had fasted for 12 h, serum was collected
in the morning of the GFR study. Insulin levels were
measured by a radio-immunoassay (Linco Laboratories,
USA) [13]. Hyperinsulinemia was defined as a serum
insulin level above the 95th percentiles established by
Weiss et al. [13]. The homeostasis model assessment of
insulin resistance (HOMA-IR) was used as a measure of
insulin resistance. We calculated HOMA-IR by dividing the
product of serum insulin (in micro-units per milliliter) and
glucose (in millimoles per milliliter) by a factor of 22.5.
Insulin resistance was defined as HOMA-IR >4.39 (upper
2.5 percentiles or >2 SDs above mean HOMA-IR for
normal-weight children) [14].

Lincoplex multianalyte kits were utilized for determina-
tion of serum homocysteine, adipokines (leptin, adiponec-

tin, resistin), inflammatory cytokines [interleukin (IL)-6,
tumor necrosis factor (TNF)-α, high-sensitivity C-reactive
protein (hsCRP)] and apolipoprotein fractions (ApoA1,
ApoA2, ApoB, ApoC, ApoE). Weight categories based on
body mass index (BMI) were established as obese, >97th
percentile for age and gender, overweight, between the 85th
percentile and the 97th percentile, or lean, less than the
85 percentile.

Statistical analysis Values are presented as the mean ± SD.
A two-sample t-test or the Mann–Whitney rank-sum test
was used to compare continuous variables. Categorical
variables were compared using the chi-square test or
Fisher’s exact test. The associations between variables were
assessed by Pearson correlations. Stepwise forward multi-
ple regression analysis was performed to assess indepen-
dent predictors of serum insulin. Variables with P<0.15
from univariate analyses were entered in the regression
analysis. The SAS 9.1 statistical package was used in the
analysis. P≤0.05 was considered statistically significant.

Results

Among the cohort of 43 children, 28 (65%) were male and
40 (93%) were white. Three children were African–
American. The main causes of CKD were renal dysplasia/
obstructive uropathy (66%) and glomerular and cystic
diseases (34%). Almost half of the children (46%) were
taking antihypertensive medications. Of those on medica-
tions, all were taking angiotensin-converting enzyme
inhibitors or angiotensin receptor blocker. Fourteen patients
were taking these medications as anti-proteinuric agents.
The mean duration of CKD was 8.8±5.6 years. No patients
had suffered from CKD for less than 1 year. Mean GFR
was 47.4±21.1 ml/min per 1.73 m2 body surface area, with
range of 16–87 ml/min per 1.73 m2. Twelve (28%) patients
had CKD stage 2, 19 (44%) stage 3, and 12 (28%) stage 4.
There were 28 (65%) lean (BMI < 85th percentile) and 15
(35%) non-lean (BMI ≥ 85th percentile) subjects. Four
subjects were obese, with BMIs>97th percentile.

The mean serum insulin level for the cohort was 15.9±
14.5 μU/ml (range 2.0–86.7 μU/ml), and the mean HOMA-
IR was 3.7±3.2 (range 0.34–17.5). Fourteen (33%) subjects
had hyperinsulinemia, and seven (16%) had insulin
resistance (HOMA-IR>4.39). None of the subjects had a
serum glucose level >110 mg/dl.

In a univariate analysis (Table 1), serum insulin levels
were significantly associated with BMI, leptin and TNF-α.
There was no significant relationship between insulin and
GFR or between insulin and age. Stepwise multivariate
regression determined that only increased BMI (β=1.19,

1752 Pediatr Nephrol (2007) 22:1751–1756



P=0.003) and TNF-α (β=0.95, P=0.01) independently
predicted higher insulin level (model R2=0.27).

To assess the role of adiposity in hyperinsulinemia, we
performed detailed analysis according to lean versus non-
lean status (Table 2). There was no significant difference in
the serum glucose level between groups. Non-lean subjects
had significantly higher serum insulin levels and HOMA-
IRs than did lean subjects. The prevalence of hyper-

insulinemia was higher in non-lean patients (40%) than in
lean patients (29%) but was not statistically significant (P>
0.05). Abnormally high HOMA-IR was present in six
(40%) non-lean subjects and in only one lean subject (P<
0.001). In non-lean subjects (n=15), insulin level was
significantly correlated with BMI (R=0.37, P<0.01), while
analysis for lean subjects (n=28) showed no significant
associations between serum insulin level and BMI (Fig. 1).

Table 1 Pearson correlation
analysis of anthropometric and
biochemical markers

Variable Insulin Adiponectin Age BMI GFR Leptin TNF-α

Insulin
R 1.0 0.06 0.14 0.33 −0.04 0.05 0.33
P 0.67 0.35 0.04 0.75 0.29 0.04
Adiponectin
R 1.0 −0.27 0.005 −0.24 −0.35 0.23
P 0.08 −0.42 0.11 0.01 0.13
Age
R 1.0 0.38 −0.31 0.17 −0.03
P 0.01 0.04 0.28 0.87
BMI
R 1.0 0.05 0.73 −0.11
P 0.72 <0.0001 0.46
GFR
R 1.0 0.01 −0.19
P 0.94 0.21
Leptin
R 1.0 −0.1
P 0.52
TNF-α
R 1.0
P

Table 2 Comparison of lean
and non-lean subjects. The data
presented as means ± SDs. P
values represent the difference
between lean and non-lean
subjects (BMI body mass
index, SBP systolic blood
pressure, DBP diastolic
blood pressure, GFR
glomerular filtration rate, LDL
low-density lipoprotein, HDL
high-density lipoprotein, CRP
C-reactive protein, TNF-α
tumor necrosis factor-α, IL-6
interleukin-6)

Variables Total (n=43) Lean (n=28) Non-lean (n=15) P

Age, years 13.9±4.1 14.0±4.0 13.6±4.3 0.74
BMI, kg/m2 20.9±6.3 17.7±2.7 27.2±6.8 <0.0001
Indexed SBP 0.91±0.09 0.90±0.09 0.93±0.08 0.27
Indexed DBP 0.81±0.14 0.80±0.14 0.81±0.13 0.89
GFR, ml/min/
1.73 m2

47.4±21.1 45.8±21 49.5±18 0.59

Cholesterol, mg/dl 188±50 183±46 198±52 0.35
LDL, mg/dl 106±42 103±37 112±39 0.49
HDL, mg/dl 50±15 53.7±15.9 45.6±11.9 0.09
Triglycerides, mg/dl 155±99 129±78 207±118 0.01
Insulin, μU/ml 15.9±14.5 13.4±15.3 21.0±11.6 <0.0001
HOMA-IR 3.7±3.2 3.17±3.4 4.94±2.6 <0.0001
Adiponectin, μg/ml 30.6±14.1 34.1±13.4 23.6±13.3 0.02
Leptin, ng/ml 13.0±20.7 4.6±7.9 29.2±27.9 <0.0001
Resistin, ng/ml 15.5±5.9 14.7±5.8 16.9±5.8 0.23
Homocysteine, ng/ml 11.3±6.4 11.7±7.3 10.6±4.3 0.61
CRP, mg/l 2.3±3.4 1.9±3.2 2.9±3.8 0.36
TNF-α, pg/ml 9.9±6.2 10.3±7.1 9.2±4.4 0.58
IL-6, pg/ml 10.2±10.2 8.5±9.3 11.4±11.9 0.38
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Multivariate stepwise regression analysis of lean subjects
showed that TNF-α was the only independent predictor of
serum insulin (β=0.81, P=0.04).

Discussion

Hyperinsulinemia is a known finding in adults with pre-
terminal CKD. Chen et al. [4] reported on data from 6,453
adult non-diabetic patients in the National Health and
Nutrition Examination Survey (NHANES) III Study. The
authors showed that hyperinsulinemia and insulin resistance
based onHOMA-IR is present in adults withmild-to-moderate
renal insufficiency (corrected GFR>60 ml/m2 per minute).
This study also identified a strong, positive, significant, and
dose-responsive relationship among insulin resistance, insulin
level, and risk of CKD. More importantly, this relationship
was independent of age, gender, race, or other potential risk
factors for CKD, such as blood pressure (BP), obesity, total
cholesterol level, education, physical activity, cigarette
smoking, non-steroidal anti-inflammatory drug (NSAID)
use, and alcohol consumption.

In pediatric patients the majority of data on insulin
metabolism comes from small cross-sectional studies of
children on chronic dialysis. Mak [5] and others [6, 7] have
shown that hyperinsulinemia is a universal finding in these
patients. Pediatric studies have also demonstrated a high
prevalence of abnormal results of glucose tolerance tests
(32.7–45%) and increased HOMA-IR (47.1%) in children
before transplantation [6–9]. Haffner et al. [10] demon-
strated significantly higher serum insulin levels and

abnormal glucose tolerance not only in children with end-
stage renal disease (ESRD) and children with transplants
but also in children with pre-terminal CKD (mean GFR
27 ml/min per 1.73 m2).

The results of our study demonstrated that hyperinsu-
linemia and insulin resistance are frequent in a cohort of
children with mild-to-moderate CKD. In our study renal
clearance was not a determinant of serum insulin since
there was no significant difference in insulin level or
HOMA-IR among children with different stages of CKD.

As expected, the average insulin and HOMA-IR levels
were higher in non-lean patients than in lean patients.
However, unlike in the general pediatric population, where
hyperinsulinemia is closely associated with the obesity
epidemic, the prevalence of hyperinsulinemia remained
high in lean subjects with CKD. This suggests that, in
pediatric patients with mild-to-moderate renal dysfunction,
there is a dysregulation of glucose metabolism independent
of elevated BMI. For these patients, hyperinsulinemia may
lead to increased cardiovascular risk through a mechanistic
pathway independent of fat metabolism.

The association of TNF-α with hyperinsulinemia in our
lean CKD patients is tantalizing, because it supports a link
between metabolic dysregulation, protein wasting and
inflammation in the uremic state that may explain, in part,
the higher rate of cardiovascular morbidity seen among lean
adult ESRD patients [15–17]. TNF-α is a 17 kDa polypep-
tide cytokine produced primarily by activated macrophages
as part of the body’s inflammatory response. Uremia, a
chronic micro-inflammatory state, is characterized by
cytokine dysregulation, oxidative stress, and impaired
response to oxidative injury [18–21]. Uremic patients have
elevated levels of C-reactive protein (CRP) and TNF-α,
together with accumulation of advanced oxidation protein
products (AOPPs) and advanced glycation end (AGE)
products [21–23]. Additionally, even in mild-to-moderate
CKD, decreased levels and activity of glutathione and
glutathione peroxidase are found [24]. Guarnieri et al. [25]
observed that gene expression for TNF-α in circulating
blood cells is enhanced in patients with chronic uremia. It is
probable that, as in cancer cachexia and other malnutrition
states, [25], in the uremic state TNF-α disrupts the balance
of protein turnover by stimulating protein catabolism,
resulting in muscle atrophy.

TNF-α interferes with myoblast differentiation and muscle
repair following injury and acts in concert with IL-1β to
promote catabolism of differentiated muscle [26, 27]. It does
so by activating nuclear factor κB (NFκB), a nuclear
transcription factor. NFκB inhibits post-translational modifi-
cation of MyoD, which blocks regeneration of muscle tissue
from myoblasts [26, 27]. TNF-α also acts through NFκB to
upregulate the ubiquitin/proteosome pathway, which is
involved in regulated protein degradation [28–30]. Reactive
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Fig. 1 Relationship between insulin and BMI in lean patients (closed
circles) and non-lean patients (open circles). Significant correlation
exists between serum insulin and BMI among non-lean subjects (R=
0.37, P<0.01), but this correlation was not demonstrated in lean
subjects (R=0.23, P=0.24)
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oxygen species (ROS) from the mitochondrial electron
transport chain appear to modulate this pathway, as ROS
blockade inhibits the catabolic effect of TNF-α on skeletal
muscle [29]. ROS are themselves regulated by endogenous
glutathione and hydrogen peroxide levels [29, 30]. Since the
concentrations of glutathione and glutathione peroxidase are
decreased in uremia, and their function impaired, we would
expect a potentiation of TNF-α stimulated protein degrada-
tion through the ubiquitin/proteosome pathway. In mouse
models the muscle wasting effect of TNF-α can be blocked
by antibodies to TNF-α, antioxidants or nitric oxide synthase
[31]. Insulin, an anabolic stimulus, has also been shown to
block the effect of TNF-α induced muscle catabolism. TNF-
α further tips the balance towards protein wasting and
malnutrition by interfering with the synthesis of albumin. It
has been shown in mice with genetically activated TNF-α
expression that a 90% decrease in albumin mRNA expres-
sion and decreased serum albumin levels precede develop-
ment of cachexia. [32].

In obese subjects or those with type II diabetes mellitus
there is a greater than twofold upregulation of TNF-α
expression from both central adipocytes and skeletal
muscle, which is not seen in lean patients. In these subjects
TNF-α mediates insulin resistance by interfering with post-
receptor signaling of the insulin molecule. It blocks tyrosine
phosphorylation of both the insulin-sensitive GLUT4
receptor and insulin receptor substrate 1 (IRS-1) in
adipocytes and peripheral myocytes [33, 34]. It is unclear
whether this same mechanism may be responsible for the
hyperinsulinemia and elevated HOMA-IR observed in lean
CKD patients. If so, this action may compound the risk for
protein wasting by leading to inefficient use of carbohy-
drate resources, as well as by blunting the anabolic effects
of insulin. Additionally, TNF-α, previously known as
cachexin, induces anorexia. Although the specific mecha-
nism for this is unclear, Breder et al. [35] have demonstrat-
ed upregulation of TNF-α expression in the meninges and
in the hypothalamic nuclei following lipopolysaccharide
injection. These same areas are activated by direct injection
of TNF-α into the central nervous system (CNS). Thus,
local upregulation of TNF-α in the hypothalamic nuclei, an
area that also regulates appetite, is a strong candidate
mechanism for its cachectic effect in uremia. Poor
nutritional intake, together with the lack of weight-bearing
exercise, commonly experienced by CKD patients, may
further accelerate loss of lean body mass.

The results of this study suggest that the combination of
hyperinsulinemia and elevated TNF-α in the setting of
mild-to-moderate CKD could represent early markers for
increased cardiovascular risk in children. TNF-α may
represent an early therapeutic target to prevent both the
development of insulin resistance observed in early CKD
and the later development of protein malnutrition syn-

drome. The monitoring of insulin and TNF-α levels may
help us to identify patients who warrant early intervention
with aggressive management of nutritional status, insulin
resistance, and uremia.

This study has several limitations. This was a single-
pediatric-center study lacking healthy controls and limited
by the small number of patients and narrow demographics
reflecting population/referral bias. Data collected here are
cross-sectional and have not been related to actual
cardiovascular morbidity. These findings need to be
verified with data regarding early cardiovascular abnormal-
ities in children. Further information on pubertal status,
nutritional status and protein turnover, by investigation of
albumin, lean body mass and normalized protein catabolic
rate, would also be useful in furthering this hypothesis.
Certainly, multicenter studies with larger numbers of
patients and a broader patient demography are needed to
confirm that these findings are applicable to the pediatric
CKD population as a whole.
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