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Introduction: A greater degree of insulin resistance may predispose to renal injury by worsening renal
hemodynamics through the elevation of glomerular filtration fraction.  However, there are sparse data on the
relationship between insulin resistance, glomerular filtration rate (GFR) and body composition in chronic
kidney disease (CKD) without diabetes.
Objectives: To evaluate the relationship between insulin resistance, total body fat and GFR in CKD without
diabetes.
Material and Method: The authors screened 84 non-diabetic CKD patients according to the K/DOQI
definitions and only 78 patients were enrolled into the study (CKD stages 2-4, GFR between 15 and 90 ml/min/
1.73 m2). Insulin resistance was evaluated by homeostasis model assessment (HOMA-IR). Bioelectrical
impedance analysis was performed to determine the percentage of total body fat. GFR was calculated by
the average of creatinine and urea clearances.
Results: The correlation analysis showed that HOMA-IR was positively correlated  with percent body fat
(r = 0.32, P<0.05), BMI (r = 0.46, P<0.01), serum triglyceride (TG) (r =0.29, P<0.01), and mean arterial
pressure (r =0.25, P<0.05), but not significantly correlated with GFR, age, cholesterol, HDL, uric acid
and 24-hr urinary protein.
Conclusion: In non-diabetic CKD patients, the independent factor for insulin resistance was the amount of
total body fat. The insulin level and HOMA-IR were not dependent on the GFR in the present study.

Keywords: Insulin resistance, Body fat, Chronic kidney disease

J Med Assoc Thai 2005; 88(Suppl 3): S97-104
Full text. e-Journal: http://www.medassocthai.org/journal

Insulin resistance is closely associated with
atherosclerosis and cardiovascular mortality in the gen-
eral population(1,2). Recently, an observational study
strongly suggested that insulin resistance was an in-
dependent predictor of cardiovascular mortality in a
cohort of non-diabetic end-stage kidney disease

(ESKD) patients(3). It is also an underlying cause of
type 2 diabetes and is always accompanied with hy-
pertension, central obesity and dyslipidemia, all of
which are important risk factors for progression of
chronic kidney disease (CKD)(4). Furthermore, in the
absence of overt diabetes or metabolic syndrome, it
may cause endothelial dysfunction(5) and then plays a
central role in the development of atherosclerotic vas-
cular disease(6,7). In African Americans, insulin resis-
tance can be detected prior to the clinical expression of
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hypertension or diabetes(8). It has also initiated and
accelerated the kidney pathology and the risk of
microalbuminuria in non diabetes patients by several
mechanisms. First, it altered tissue regulatory factors
and vasoactive peptides such as angiotensin II,
endothelin, and growth factors(9,10). Secondly, the glom-
erular hemodynamics has been changed through the
elevation of glomerular filtration fraction and resultant
glomerular hyperfiltration(12). In Hisayama s study,
hyperinsulinemia was a significant relevant factor of
kidney function in the general Japanese population(11).

Impaired tissue sensitivity to insulin is present
in ESKD(13-15) and is largely responsible for the abnor-
mal glucose metabolism complicated in this setting.
Possible mechanisms accounting for the reduction in
insulin-mediated glucose handling include(16)1) in-
creased hepatic gluconeogenesis not normally sup-
pressible following insulin release; 2) reduced hepatic
and/or skeletal muscle glucose uptake; and 3) impaired
intracellular glucose metabolism. A few clinical studies
have noted impaired tissue sensitivity to insulin in
nondiabetic patients who had only mild to moderate
reductions in kidney function(17-19).

The amount and distribution of adipose tis-
sue is normal in most populations with insulin resis-
tance. However, some patients manifested abdominal
obesity. High serum free fatty acid concentrations(20)

and increased release of tumor necrosis factor (TNF)-
alpha(21) from enlarged adipose cells have been impli-
cated in the pathogenesis of obesity in patients with
normal kidney function. A small clinical study showed
abdominal adiposity was associated with a deteriorat-
ing insulin resistance in subjects on hemodialysis(22).
There are sparse data on the relationship between in-
sulin resistance, glomerular filtration rate (GFR) and
total body fat or phase angle in CKD patients without
diabetes. The authors performed a cross-sectional
study in patients with stage 2 to 4 CKD without diabe-
tes to evaluate the relationship between insulin resis-
tance, GFR, and total body fat or phase angle.

Material and Method
The authors conducted a cross-sectional

study at the Out-Patient Clinic of Medicine Depart-
ment, Phramongkutklao Hospital, Bangkok, Thailand.
Eighty-four, non-diabetic CKD patients according to
the K/DOQI definitions(23) was screened. Only 78
patients were enrolled into the present study (GFR
between 15 and 90 ml/min/1.73 m2). Six patients were
excluded because of GFR was less than 15 ml/min/
1.73 m2. The study protocol was approved by the

Ethics Committee of the Phramongkutklao Hospital
and College of Medicine and written informed
consent was obtained from all patients.

Patients:
The patients as defined criteria and 18 years

or older were collected from interview on medical and
personal history, such as history of smoking, alcohol
consumption, hypertension, family history of diabe-
tes, and use of antihypertensive or lipid lowering medi-
cations. All patients were assigned to a physical exami-
nation including blood pressure and anthropometry.
Body weight, height, waist circumference and hip cir-
cumference were measured according to a standard
protocol. Body mass index (BMI) and waist-hip ratio
(WHR) were calculated. Bioelectrical impedance analy-
ses was performed to determine the percentage of total
body fat (%BF) by using monofrequency bioelectrical
impedance analysis, BIA (Maltronfi, England) at single
frequency: 0.8 MA, 50 KHz.

Biochemical Measurements:
Blood samples were collected in the morning

after an overnight fast of at least 12 hours. Fasting
plasma glucose level was measured by the glucose
oxidase method. Fasting plasma insulin levels was ana-
lyzed by electrochemiluminescence immunoassay
(Roche Elecsys 2010, USA). Serum and urinary creati-
nine levels were measured by Jaffe s method and urea
levels were determined by kinetic test with urease
method. GFR was calculated using a 24-hour urinary
excretion of average creatinine and urea clearance then
corrected with body surface area. Creatinine and urea
clearance were calculated with the standard formula.

Assessment of Insulin Resistance Using HOMA-IR
The value of insulin resistance was obtained

by homeostasis model assessment (HOMA-IR).
HOMA-IR was calculated using the following formula:

HOMA-IR = [fasting plasma insulin (µU/ml)
x fasting plasma glucose (mmol/L)] ˚ 22.5

HOMA-IR has a close correlation with the
insulin sensitivity index by the standard euglycemic
hyperinsulinemic clamp as shown by Mathew et al(24).
This index has been studied in patients with CKD(25).
Assuming that normal subjects aged <35 year with
normal weight have an insulin resistance of 1.

Statistical Analysis
The SPSS software was used for statistical

analysis. After testing for normality of data distribu-
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tion, the data of quartile of insulin resistance group
was compared using one way analysis of variance
(ANOVA) with Bonferroni correction for multiple
comparisons. Relationships between the variable
parameters were evaluated with Pearson s correlation
coefficient. All data are presented as mean ± SD.
Differences were considered as statistical significant
at a p level of 0.05.

Results
Baseline characteristics according to the K/

DOQI definitions of 78 non-diabetic CKD patients are
shown in Table 1. There were 69.2% males and the
mean age of 59 years old. About 20.3 percent had a
history of smoking and 15.2 percent had a family
history of diabetic mellitus. The major cause of CKD
in the present study was hypertension (64.1%). Mean

HOMA-IR of CKD stage 2, 3 and 4 were 2.01 ± 0.85,
2.06 ± 1.48 and 2.12 ± 1.35, respectively. Mean
fasting plasma insulin of CKD stage 2, 3 and 4 were
8.7 ± 5.3, 9.2 ± 6.5 and 9.2 ± 5.6 mg/dL, respectively.
No statistical significant difference was noted in
HOMA-IR and fasting plasma insulin levels between
CKD groups (Table 2).

The correlation analysis (Table 3) demon-
strated that HOMA-IR was positively correlated
with % BF (r = 0.32, P<0.05), BMI (r =0.46, P<0.01),
serum triglyceride (r = 0.29, P<0.01), and MAP
(r = 0.25, P<0.05), but not significantly correlated with
age, GFR, serum cholesterol, serum HDL cholesterol,
serum uric acid and 24-hour urine protein. Mean
difference of % BF, BMI, and serum triglyceride
between the highest quartile and lowest quartile
of HOMA-IR were 7.26 (95%CI; 1.50-13.02, p <0.05)

Table 1. Patient characteristics according to the K/DOQI definitions of 75 non- diabetic CKD patients

Stage 4 (N=42) Stage 3 (N=31) Stage 2 (N=5) Total(N=78)
   (mean±SD)    (mean±SD)   (mean±SD)  (mean±SD)

Age (yr)   62.2±13.9   59.5±14.6   52.0±13.9   59.5±14.6
Gender M (%)   29 (69.0)   20 (64.5)     5 (100)   54 (69.2)
MAP (mmHg) 103.3±11.2 101.2±10.3 106.0±18.5 102.6±11.3
BMI (kg/m2 )   23.8±4.2   24.4±3.5   22.9±3.0   23.9±3.8
WHR     1.12 ± 0.10     1.10 ± 0.08     1.11 ± 0.05     1.11 ± 0.09

Primary renal disease
-HTN (%)   28 (66.7)   19 (61.3)     3 (60.0)   50 (64.1)
-GN (%)     3 (7.5)     7 (22.6)     2 (40.1)   12 (15.4)
-Interstitial nephritis (%)     4 (9.5)     3 (9.7)     -     7 (9.0)

Family of DM (%)     5 (11.9)     6 (19.4)     1 (20.0)   12 (15.2)
Phase angle     5.30 ± 1.00     5.84 ± 1.04     6.17 ± 0.49     5.59 ± 1.03
 % BF   29.6±6.7   30.1±6.6   27.8±5.6   27.8±5.6
Smoking (%)     7 (17.1)     6 (18.2)     3 (60.0)   16 (20.3)

Table 2. Biochemical variables

Serum Parameters Stage 4 (N=42) Stage 3 (N=31) Stage 2 (N=5) Total (N=78)
  (mean±SD)    (mean±SD)    (mean±SD)   (mean±SD)

Chlolesterol (mg/dL) 186.4±42.1 197.4±43.2 204.6±16.5 191.9±41.5
LDL (mg/dL) 116.27 ± 38.32 118.52 ± 39.18 137.80 ± 34.48 118.57 ± 38.34
HDL (mg/dL)   50.6±13.1   48.9± 16.4   48.0±10.5   49.6±14.3
Triglyceride (mg/dL) 132.1±71.7 151.3±158.0 121.2±96.4 139.0±114.3
Uric acid (mmol/L) 522.92 ± 116.78 460.40 ± 156.39 452.80 ± 124.91 492.37 ± 137.30
Insulin ( U/mL)     9.2±5.6     9.2±6.5     8.7±5.3     9.2±5.8
FBS (mmol/L)     5.1±0.5     5.0±0.5     5.1±0.6     5.1±0.5
HOMA-IR     2.12±1.35     2.06±1.48     2.01±0.85     2.12±1.35
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Table 3. Correlation coefficients of insulin resistance and other variable factors

Parameters                          Insulin  resistance

HOMA-IR (N=78) Insulin Levels

Age (yr) 0.07 0.04
MAP (mmHg) 0.25* 0.22*
BMI (kg/m2 ) 0.46** 0.49**
WHR  - 0.42** - 0.42**
Cholesterol (mg/dL) 0.01 0.01
HDL (mg/dL) - 0.07 - 0.23*
Triglyceride (mg/dL) 0.29** 0.36**
Uric acid (mmol/L) 0.15 0.17
Phase angle (d) 0.36* 0.36**
% BF 0.32* 0.35**
Urine protein 24 hr (g) 0.01 0.03
GFR (ml/min/1.73 m2) - 0.01 - 0.03

*   Correlation is significant at the .05 level
** Correlation is significant at the .01 level

Mean difference in highest quartile and lowest quartile 7.26 (95%CI 1.50-13.02) (p < 0.05)

Fig. 1  Percentage of body fat of non diabetes CKD according to quartiles of HOMA-IR
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(Fig. 1), 5.46 (95%CI; 2.40-8.48, p <0.05) (Fig. 2),
and 123.4 (95%CI; 28.3-218.5, p <0.05) (Fig. 3),
respectively. Mean difference of GFR between the
highest quartile and lowest quartile of HOMA-IR was
not statistically significant (0.51; 95%CI-12.72-13.75,
p>0.05).

Discussion
In the present study, insulin resistance using

HOMA method was positively correlated with total
body fat content, BMI, serum triglyceride, and blood
pressure. These were supportedly other previous
studies(22). Conversely, declined renal function had no
effect on insulin sensitivity.

Obesity is closely associated with insulin
resistance and is an unfavourable factor for cardiovas-
cular disease in the general population. The present
study showed the indices of obesity such as % BF,
BMI and phase angle, were associated with insulin
resistance in non-diabetic CKD patients (GFR 15-90
ml/min/1.732). Lee P et al also found that abdominal
adiposity was associated with diminished insulin

Mean difference in highest quartiles and lowest quartiles 5.46 (95%CI2.40-8.48) (p < 0.05)

Fig. 2 Body mass index of non diabetes CKD according to quartiles of HOMA-IR

sensitivity in subjects undergoing maintenance hemo-
dialysis(22). The possible mechanism of insulin resis-
tance in both obese and dialysis patients may involve
secreted cytokines by adipocytes (adipocytokines).
Adipocytokines which can induce insulin resistance
include TNF-alpha(21) and leptin(26). In addition, high
serum free fatty acid concentrations(20) may be impli-
cated in the pathogenesis of such diseases.
Hyperinsulinemia may contribute to dyslipidemia
by increasing the synthesis of VLDL by the liver(27),
resulting in increased concentrations of triglycerides.
The authors demonstrated an existing statistical
significantly difference in serum triglyceride level
between the highest and lowest quartile of HOMA-IR
groups. Data from the present study regarding serum
triglyceride levels were in good agreement with other
clinical studies (18, 28).

Several studies have clearly shown that the
sensitivity to the action of insulin with respect to
glucose metabolism is markedly impaired in CKD(13).
Mechanisms may contribute to insulin resistance in
CKD including defects at postreceptor level of insulin
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action in muscle, adipose, and liver tissues. The
defects are primarily localized to glucose uptake and
metabolism by these insulin-sensitive tissues(15,16). Sig-
nificantly impaired insulin sensitivity is present early
in the course of CKD(29). However, in early CKD
patients, factors other than impaired kidney function
per se, such as dyslipidemia and adverse effects of
medications are likely to cause or contribute to insulin
resistance.

It has been suggested that insulin resistance
is associated with hypertension. As in the present
study, subjects manifested with increasing mean
arterial pressure and also had a high degree of HOMA-
IR. At least two mechanisms favor a causal relation-
ship between insulin resistance and the development
of hypertension: the first mechanism is through an
alteration of renal sodium handling, where in
hyperinsulinemia may promote sodium reabsorption
through an acute direct effect on renal tubules(30), and
the second mechanism is that hyperinsulinemia
activates sympathetic nervous system activity in
some patients to raise cardiac output and stimulate

peripheral vasoconstriction (31). Additionally, the renal
hemodynamic changes can facilitate renal salt and
water conservation and expand blood volume which
leads to a salt-sensitive hypertensive state in insulin
resistant individuals (12).

There are a few limitations in the present
study. First, the number of patients was relatively small
and statistical power may not be adequate enough to
detect the relationship between insulin resistance and
the decline of GFR. Second, the cross-sectional study
design cannot determine to draw inferences regarding
causality among insulin resistance in CKD patients.
Prospective clinical studies may provide a better con-
text to define the evolution of the insulin sensitivity
with time in patients with progressive renal disease.

In conclusion, the present study showed the
independent factor for insulin resistance in non-dia-
betic CKD patient is the amount of total body fat, as
assessed by % BF, and BMI. The insulin level and
HOMA-IR are not dependent on the levels of GFR in
the present study.

Mean difference between highest quartiles and lowest quartiles = 123.4 (95%CI 28.3-218.5) (p < 0.05)

Fig. 3 Serum triglycerides of non diabetes CKD according to quartiles of HOMA-IR
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¥â«¬«‘∏’ Homeostasis Model Assessment (HOMA-IR), µ√«®«—¥‡ªÕ√å‡´Áπµå‰¢¡—π„π√à“ß°“¬¥â«¬‡§√◊ËÕßµ√«®«—¥‰¢¡—π
(bioelectrical Impedance analyzer, BIA)  ·≈–‡°Á∫ªí  “«– 24 ™—Ë«‚¡ß àßµ√«®‡æ◊ËÕ§”π«≥À“§à“ GFR ®“°§à“‡©≈’Ë¬¢Õß
urea clearance ·≈– creatinine clearance
º≈°“√»÷°…“: ¿“«–¥◊ÈÕµàÕÕ‘π Ÿ́≈‘π¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫ §à“¥—™π’¡«≈°“¬, √–¥—∫‰¢¡—π‰µ√°√’‡´Õ‰√¥å, §à“§«“¡
¥—π‚≈À‘µ Ÿß‡©≈’Ë¬ (Mean arterial blood pressure) ·≈–√âÕ¬≈–¢Õß‰¢¡—π„π√à“ß°“¬Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ¢≥–∑’Ë‰¡à
æ∫§«“¡ —¡æ—π∏å°—∫√–¥—∫§à“ GFR, Õ“¬ÿ, √–¥—∫‰¢¡—π‚§‡≈ ‡µÕ√Õ≈, √–¥—∫‰¢¡—π HDL, §à“¬Ÿ√‘°„π‡≈◊Õ¥ ·≈– ‚ª√µ’π„π
ªí  “«– 24 ™—Ë«‚¡ß
 √ÿª:  ®“°°“√»÷°…“π’Èæ∫«à“ ¿“«–Õâ«π®“°√âÕ¬≈–¢Õß‰¢¡—π„π√à“ß°“¬, §à“¥—™π’¡«≈°“¬, ·≈–√–¥—∫‰¢¡—π‰µ√°√’‡´Õ‰√¥å
πà“®–¡’ªí®®—¬‡ ’Ë¬ßµàÕ¿“«–¥◊ÈÕµàÕÕ‘π´Ÿ≈‘π„πºŸâªÉ«¬‰µ«“¬√–¬–µâπ ¢≥–∑’Ë‰¡àæ∫§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫°“√ ∑”ß“π

¢ÕßÀπâ“∑’Ë‰µ°—∫¿“«–¥◊ÈÕµàÕÕ‘π Ÿ́≈‘π„πºŸâªÉ«¬‚√§‰µ‡√◊ÈÕ√—ß


