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The relationship among insulin resistance, adiponectin, and cardiovascular (CV) morbidity in patients with mild and
moderate kidney disease was investigated. Insulin sensitivity (Homeostasis Model Assessment of Insulin Resistance [HOMAIR]) and adiponectin plasma levels were assessed in 227 nondiabetic renal patients at different degrees of renal dysfunction
and in 76 healthy subjects of similar age and gender distribution and body mass index. In renal patients, association with
prevalent CV events was evaluated, and incident CV events were evaluated in a prospective study. HOMA-IR was markedly
higher in patients than in healthy subjects (3.59 ⴞ 3.55 versus 1.39 ⴞ 0.51; P < 0.01). In renal patients, HOMA-IR was
significantly correlated with body mass index (r ⴝ 0.477; P < 0.01), triglycerides (r ⴝ 0.384; P < 0.01), adiponectin plasma levels
(r ⴝ ⴚ0.253; P < 0.01), and age (r ⴝ 0.164; P < 0.05), but not with renal function (GFR by iod-thalamate clearance). Patients with
previous CV events were significantly older, had higher HOMA-IR and serum triglycerides, and had lower adiponectin
plasma levels (all P < 0.05). Logistic regression analysis revealed age (P < 0.001) and adiponectin (P < 0.002) as independent
variables related to prevalent CV events. In the prospective study, median follow-up was 54 mo. Patients who experienced CV
events had significantly higher serum glucose and lower adiponectin plasma levels (both P < 0.05). In patients with chronic
kidney diseases, a syndrome of insulin resistance is present even in the earliest stage of renal dysfunction, and several
components of this syndrome are associated with CV events. Moreover, hypoadiponectinemia is a novel putative CV risk
factor in patients with mild and moderate renal failure.
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xperimental studies and studies in humans have revealed that the kidney is an important organ of glucose
homeostasis (1– 4). Diminished insulin-stimulated glucose uptake has been documented in uremic patients using the
euglycemic clamp technique (5). Insulin resistance (IR) in renal
patients is accompanied by hyperinsulinemia and glucose intolerance as well as by complex derangements of insulin secretion (6,7). Several explanations for the presence of IR in uremic
patients have been proposed, such as deficiency of vitamin D,
anemia, or putative uremic toxins (6,8,9). Results of recent small
clinical studies have indicated that IR is present already in
patients with mild degrees of renal dysfunction or even in
patients with apparently normal renal function, i.e., normal
GFR (10 –13). Thus, kidney disease per se seems to cause a
syndrome of IR. An alternative or complementary explanation
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is suggested by the observation that in large population-based
prospective studies, IR predicted chronic kidney disease (14).
These findings did not attract much attention until a recent
study indicated that IR is related to cardiovascular (CV) events
in patients with terminal renal failure (15). For early renal
failure, however, information on this point had not been available.
Adiponectin is a recently discovered adipokine that plays an
important pathophysiologic role in patients with impaired glucose homeostasis (16,17). It is synthesized and secreted by
adipose tissue and exhibits potent anti-inflammatory and antiatherosclerotic properties. Adiponectin is a component of a
novel signaling network among adipocytes, insulin-sensitive
tissues, and vasculature (16). Recently published prospective
studies in a large male population with normal renal function
and in patients with terminal renal failure revealed a significant
relationship between adiponectin plasma levels and CV events
(18,19). Such information had not been available for patients
with mild to moderate renal failure, however.
To investigate IR further as well as adiponectin plasma levels
in early phases of renal impairment, we assessed insulin sensitivity evaluating the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) and other metabolic variables in 227
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nondiabetic patients with mild and moderate kidney disease.
We also analyzed potential confounders of insulin sensitivity,
particularly body mass index (BMI), renal function (GFR by
iod-thalamate clearance), and antihypertensive treatment. In a
multicenter study with a cross-sectional as well as a prospective
design, we evaluated prevalent CV events as well as incident
CV events during a 7-yr follow-up. We further assessed the
correlation of such CV events with components of the IR syndrome, particularly with adiponectin, as well as with classical
CV risk factors.

Materials and Methods
Participants and Protocol
We examined 227 white patients who had chronic kidney diseases
and were between 18 and 65 yr of age. They were recruited from eight
nephrology departments in Germany, Austria, and South Tirol as described earlier (20). The study was approved by the institutional Ethic
Committees, and all participants gave written informed consent. They
had stable renal function for at least 3 mo before the study, and none of
them was treated with immunosuppressive agents, fish oil, or erythropoietin. Additional exclusion criteria were serum creatinine concentration ⬎6 mg/dl, diabetes of any type, malignancy, liver or infectious
disease, nephrotic syndrome (defined as daily proteinuria ⬎3.5 g/1.73
m2), organ transplantation, allergy to ionic contrast media, and pregnancy.
For avoiding interobserver differences, all patients were recruited by
one physician who visited all participating centers. Patient history,
including smoking habits, CV events, and antihypertensive treatment
at baseline, was recorded by interview and confirmed by checking
patient records. CV events were defined as myocardial infarction,
aortocoronary bypass, percutaneous transluminal coronary angioplasty, angiographically verified stenosis of the coronary arteries,
stroke, or a symptomatic stenosis of the peripheral arterial vessels
(carotis, aorto-iliac, or femoral arteries). This was complemented by
clinical examination, including assessment of BMI and BP. Hypertension was defined as BP ⬎140/90 mmHg and/or antihypertensive medication. We also calculated pulse pressure as the difference between
systolic and diastolic BP. Blood samples for measurement of routine
chemistry, insulin, intact parathyroid hormone, high-sensitivity C-reactive protein (hsCRP), and adiponectin levels were taken after an
overnight fast of at least 12 h. The samples were centrifuged immediately at 1500 ⫻ g and 4°C for 10 min, and the supernatants were stored
in aliquots at ⫺80°C until further use. In addition, GFR was assessed in
all patients using the iod-thalamate clearance technique as described in
detail elsewhere (20,21). Antihypertensive drugs (if present) were withheld on the day of the study to minimize interference with measurements of GFR. The primary cause of kidney disease was glomerulonephritis in 97 patients (biopsy confirmed in 90 patients), adult polycystic
kidney disease in 37 patients, interstitial nephritis in 24 patients, other
types of kidney disease in 43 patients, and unknown in 26 patients. For
comparison, 76 healthy subjects of the same ethnic origin who were
frequency-matched with respect to age, gender, and BMI were studied
as well.
After the baseline investigation was completed, we followed the
primary cohort of 227 patients in a prospective study, and we recorded
all CV events in this period, e.g., fatal and nonfatal myocardial infarction, aorto-coronary bypass, percutaneous transluminal coronary angioplasty, fatal and nonfatal stroke. The individual follow-up was
terminated once a patient reached terminal renal failure that necessitated renal replacement therapy or the end of the observation period in
2003.
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Measurements and Calculations
Plasma insulin concentrations were measured immunoenzymatically
using an (ELISA with monoclonal insulin antibodies. The intra-assay
and interassay coefficients of variation were 5.2 and 7.5%, respectively.
Parathyroid hormone was measured with an immunoradiometric assay, and adiponectin plasma concentrations were measured with an
ELISA (R&D Systems, Minneapolis, MN). All other measurements,
including hsCRP, were performed using routine laboratory tests and
certified methods. Insulin sensitivity was quantified using HOMA-IR:
[plasma insulin (mU/L) ⫻ plasma glucose (mg/dl) ⫺ 405] (22). The
results of the HOMA-IR index have been shown to correlate closely
with those of the euglycemic clamp technique, and HOMA-IR has been
used successfully for evaluation of insulin sensitivity in large studies
that have examined different populations (14,23,24).

Statistical Analyses
Statistical analysis was performed with SPSS for Windows 12.01.
Univariate comparisons of continuous variables between various
groups were done by unpaired t test or the nonparametric Wilcoxon
rank sum test in case of nonnormally distributed variables. Dichotomized variables were compared using Pearson 2 test. Correction
for multiple comparisons was done when appropriate. Differences
were considered as significant at P ⬍ 0.05. Data are presented as
mean ⫾ SD or as median and interquartile range for skewed variables. Furthermore, univariate correlation analysis was performed
by Spearman correlation analysis. In addition, we assessed independent variables associated with CV events in the baseline cohort of
renal patients using stepwise logistic regression analysis.

Results
HOMA-IR and Adiponectin in Renal Patients
Insulin sensitivity was lower, i.e., HOMA-IR was significantly higher, in patients with kidney disease at study entry
than in age-, gender-, and BMI-matched healthy subjects (Table
1). In parallel, the fasting plasma insulin concentration was
significantly higher in renal patients compared with healthy
subjects, reflecting concomitant hyperinsulinemia. Furthermore, serum total cholesterol concentration, triglycerides, and
hsCRP were significantly higher in renal patients as compared
with healthy control subjects. Adiponectin plasma levels were
numerically lower in renal patients as compared with healthy
control subjects, but the difference was NS (Table 1). Both
systolic and diastolic BP values were significantly higher in
renal patients. Antihypertensive drugs were taken by 179 (79%)
patients: Diuretics (n ⫽ 83; 37%), angiotensin-converting enzyme inhibitors (n ⫽ 123; 54%), calcium channel blockers (n ⫽
78; 34%), ␤ receptor blockers (n ⫽ 67; 30%), and ␣-1 receptor
blockers (n ⫽ 36; 16%). Patients who were taking antihypertensive drugs at baseline had significantly higher HOMA-IR
(3.93 ⫾ 3.91 versus 2.29 ⫾ 0.77), serum glucose (100 ⫾ 17 versus
91 ⫾ 11 mg/dl), and insulin (14.8 ⫾ 10.5 versus 10.3 ⫾ 3.4
mU/L) concentrations than patients without antihypertensives
(all P ⬍ 0.01). However, even patients without antihypertensive
treatment had significantly higher HOMA-IR and serum glucose and insulin levels when compared with data of healthy
control subjects (all P ⬍ 0.01; Table 1). Particularly the use of
diuretics was associated with higher HOMA-IR (4.66 ⫾ 5.08
versus 2.96 ⫾ 1.95), serum glucose (103 ⫾ 19 versus 95 ⫾ 14
mg/dl), and insulin (16.9 ⫾ 13.0 versus 12.2 ⫾ 6.3 mU/L)
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Table 1. Clinical and laboratory data of healthy subjects and patients with kidney diseasesa

Gender (male/female 关%兴)
Age (yr)
Body mass index (kg/m²)
Serum creatinine (mg/dl)
GFR (ml/min per 1.73 m²)
Proteinuria (g/24 h per 1.73 m²)
Intact parathyroid hormone (pmol/L)
High-sensitivity C-reactive protein (mg/L)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse pressure (mmHg)
Insulin (mU/L)
Glucose (mg/dl)
HOMA-IR index
Adiponectin (g/ml)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
Triglycerides (mg/dl)

Healthy Subjects
(n ⫽ 76)

Renal Patients
(n ⫽ 227)

51/25 (67/33)
44.3 ⫾ 13.0
24.9 ⫾ 2.9
0.92 (0.87 to 1.00)
—
—
4.1 (3.0 to 5.0)
0.91 (0.22 to 1.84)
123 ⫾ 10
75 ⫾ 7
48 ⫾ 7
6.5 ⫾ 2.3
86 ⫾ 7
1.39 ⫾ 0.51
6.6 ⫾ 2.8
191 ⫾ 33
127 ⫾ 26
94 (74 to 124)

154/73 (68/32)
45.7 ⫾ 12.6
25.2 ⫾ 3.8
1.61 (1.21 to 2.37)b
63 (38 to 96)
0.52 (0.18 to 1.42)
6.0 (3.7 to 13.0)b
1.50 (0.70 to 3.90)b
137 ⫾ 21b
87 ⫾ 14b
51 ⫾ 15
13.9 ⫾ 9.6b
98 ⫾ 17b
3.59 ⫾ 3.55b
6.1 ⫾ 4.2
215 ⫾ 45c
136 ⫾ 40
144 (101 to 223)b

a

HOMA-IR, Homeostasis Model Assessment of Insulin Resistance.
P ⬍ 0.01, healthy subjects versus renal patients.
c
P ⬍ 0.05, healthy subjects versus renal patients.
b

compared with patients without diuretic treatment (all P ⬍
0.01). Patients who were taking diuretics also had significantly
higher BMI (26.6 ⫾ 4.3 versus 24.3 ⫾ 3.2 kg/m2; P ⬍ 0.01) and
more advanced renal failure (i.e., lower GFR [55 ⫾ 30 versus
78 ⫾ 45 ml/min per 1.73 m2; P ⬍ 0.01]).
In renal patients, HOMA-IR was significantly correlated with
BMI (r ⫽ 0.477; P ⬍ 0.01), triglycerides (r ⫽ 0.384; P ⬍ 0.01),
adiponectin blood levels (r ⫽ ⫺0.253; P ⬍ 0.01), and age (r ⫽
0.164; P ⬍ 0.05) but not with hsCRP (r ⫽ 0.127; P ⫽ 0.06) or GFR
(r ⫽ 0.007; P ⫽ 0.92). To elucidate further the relationship
between GFR and glucose metabolism, we stratified renal patients into three approximately equally large groups according
to GFR—GFR ⬎90, GFR between 45 and 90, and GFR ⬍45
ml/min per 1.73 m2—as done previously (20). Mean HOMA-IR
and serum glucose and insulin concentrations did not differ
significantly among the three groups of renal patients (Figure
1). However, it was significantly higher in all groups of patients
as compared with healthy subjects, indicating marked insulin
resistance in renal patients even when GFR is still normal. In
contrast to HOMA-IR, adiponectin blood concentrations
showed a significant inverse correlation with GFR (r ⫽ ⫺0.256;
P ⬍ 0.01). Furthermore, adiponectin plasma concentrations
were significantly correlated with BMI (r ⫽ ⫺0.134; P ⬍ 0.05),
serum triglyceride (r ⫽ ⫺0.153; P ⬍ 0.05), insulin (r ⫽ ⫺0.233;
P ⬍ 0.01), and glucose (r ⫽ ⫺0.168; P ⬍ 0.05) levels but not with
age (r ⫽ 0.096; P ⫽ 0.15), systolic (r ⫽ ⫺0.020; P ⫽ 0.77) and
diastolic (r ⫽ 0.002; P ⫽ 0.98) BP, or proteinuria (r ⫽ 0.126; P ⫽
0.058).

CV Disease in Renal Patients at Study Entry
Table 2 presents data of renal patients with and without
previous CV events at study entry. Patients who had experienced CV events in the past were predominantly male, were
significantly older, and had significantly higher HOMA-IR and
fasting serum insulin and triglyceride levels. In addition, they
had markedly lower adiponectin plasma levels (Figure 2), and
almost all took antihypertensive drugs. When we offered those
variables to a stepwise logistic regression analysis, only age
(odds ratio: 1.11; 95% confidence interval, 1.05 to 1.17; P ⬍
0.001) and adiponectin plasma levels (odds ratio, 0.72; 95%
confidence interval, 0.58 to 0.89; P ⫽ 0.002) were identified as
predictors of prevalent CV events.

CV Disease during the Prospective Observation Period
A total of 177 (78%) patients from the baseline cohort could
be assessed during the follow-up. Patients who were lost to
follow-up (n ⫽ 50) had significantly better renal function than
patients who were not lost for follow-up, i.e., a higher mean
GFR (91 ⫾ 44 versus 64 ⫾ 39 ml/min per 1.73 m2; P ⬍ 0.01).
Both groups did not differ significantly with respect to age,
gender, HOMA-IR, and previous CV events (6 of 50 [12%]
versus 22 of 177 [12%]), however. Patients who were lost to
follow-up had moved away or were not referred by their private physicians for follow-up controls in the renal units. The
median follow-up after completion of the baseline investigation
was 54 mo (range, 1– 82 mo), and during this follow-up, 29
patients reached terminal renal failure that necessitated renal
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Figure 1. Boxplots of Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) and serum insulin and glucose concentrations in renal patients with GFR ⬎90 ml/min per 1.73 m2
(n ⫽ 73; GFR 119 ⫾ 28 ml/min per 1.73 m2), GFR between 45
and 90 ml/min per 1.73 m2 (n ⫽ 77; GFR 65 ⫾ 13 ml/min per
1.73 m2), and GFR ⬍45 ml/min per 1.73 m2 (n ⫽ 77; GFR 28 ⫾
11 ml/min per 1.73 m2). Mean HOMA-IR and serum insulin
and glucose concentrations did not differ significantly among
the three groups of renal patients but were significantly higher
in all three groups as compared with healthy subjects (P ⬍ 0.01
by ANOVA).

replacement therapy. Five patients died during the follow-up
period, none of them as a result of a fatal CV event, whereas 10
patients experienced a nonfatal CV event. Table 3 summarizes
data in patients with and without CV events during the follow-up period. Patients with CV events were predominantly
older men, who had significantly higher fasting serum glucose
concentrations (i.e., hyperglycemia) and pulse pressure. In addition, they had significantly lower adiponectin plasma levels
(Figure 3).

Discussion
Mild and Moderate Impairment of Kidney Function: A
Status of IR
The salient baseline finding of this study, comprising a large
number of nondiabetic white patients with various kidney
diseases, is the demonstration that kidney disease is accompa-

J Am Soc Nephrol 16: 1091-1098, 2005

nied by IR and other features of the classical metabolic syndrome, even when measured GFR is still within the normal
range. Fasting blood glucose concentrations were considerably
increased and significantly higher in renal patients than in
healthy subjects. In a smaller cohort, we had previously documented that glucose intolerance is also a prominent component
of this “renal insulin resistance syndrome” (11). Moreover, as in
prediabetic patients with the metabolic syndrome, IR in renal
patients is closely correlated with a higher BMI and increased
triglyceride levels (25–28). The association of higher BMI, IR,
hyperglycemia, and hypertriglyceridemia in patients with kidney disease is of interest because it suggests that this deleterious combination explains, at least in part, the excessive CV risk
of renal patients. In line with this assumption is the observation
that even mild hyperglycemia (i.e., a serum glucose concentration in the upper normal range) contributes to atherosclerosis in
apparently healthy subjects, particularly when associated with
obesity and hypertension (27). Moreover, the presence of renal
dysfunction per se has recently been recognized as an independent CV risk factor, and derangements of glucose metabolism
associated with kidney disease may explain in part the increased CV risk associated with renal dysfunction, even in the
absence of frank diabetes (29). Because our results demonstrate
that IR is present even in renal patients who are matched with
respect to BMI to healthy subjects, overweight seems to be only
a factor aggravating an underlying metabolic disorder. We
have examined only white patients with kidney diseases; studies in other populations such as black or Hispanic patients are
necessary to clarify whether the results are generalizable to
other ethnicities before general conclusions on the role of IR in
kidney disease can be made. All participants were examined by
a single investigator, contributing to the homogeneity of the
data set obtained.
We found a significant correlation between IR on the one
hand and the use of antihypertensive drugs on the other hand
in our baseline cohort. Particularly, the use of diuretics was
associated with hyperinsulinemia, hyperglycemia, and increased HOMA-IR in renal patients. This finding is reminiscent
to results of intervention studies with (higher dose) diuretic
treatment in patients with essential hypertension (30) and could
result from a “diabetogenic” action of diuretics in renal patients
as well. Despite the limitations of the cross-sectional nature of
the analysis, our finding supports the notion that diuretics may
aggravate preexisting IR in renal patients, particularly when
high doses are administered. An alternative explanation could
be that the need for aggressive antihypertensive (diuretic) treatment is highest in patients in whom the renal IR syndrome is
most pronounced. This speculation would be in line with the
finding of a significantly higher BMI in patients who are on
diuretic treatment. Progressive kidney disease inevitably leads
to “salt sensitive” hypertension as a result of reduced nephron
mass, inappropriate activity of the renin-angiotensin system,
and increased sympathetic activity. Hyperinsulinemia could
conceivably contribute to the increase in BP, e.g., via the antinatriuretic action of insulin (31). Insulin sensitivity, as documented by an increased HOMA-IR, was diminished even in
patients whose GFR was still within the normal range. We had
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Table 2. Clinical and laboratory data of renal patients with and without previous CV events from the baseline
cohorta

Gender (male/female 关%兴)
Age (yr)
Body mass index (kg/m²)
Current smoker (n)
Past smoker (n)
Serum creatinine (mg/dl)
GFR (ml/min per 1.73 m²)
Proteinuria (g/24 h per 1.73 m²)
High-sensitivity C-reactive protein (mg/L)
Intact parathyroid hormone (pmol/L)
Use of antihypertensive drugs (n)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse pressure (mmHg)
Insulin (mU/L)
Glucose (mg/dl)
HOMA-IR
Adiponectin (g/ml)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
Triglycerides (mg/dl)

CV Events
(n ⫽ 28)

No CV Events
(n ⫽ 199)

24/4 (86/14)
53.7 ⫾ 6.5
25.8 ⫾ 4.0
5 (18%)
10 (36%)
1.76 (1.40 to 2.59)
53 (33 to 78)
0.58 (0.09 to 1.72)
1.90 (0.90 to 4.70)
9.2 (4.7 to 18.0)
27 (96%)
138 ⫾ 21
86 ⫾ 15
52 ⫾ 16
17.4 ⫾ 18.9
100 ⫾ 20
5.12 ⫾ 7.82
4.1 ⫾ 1.8
216 ⫾ 48
134 ⫾ 49
171 (114 to 332)

130/69b (65/35)
44.5 ⫾ 12.8c
25.1 ⫾ 3.8
51 (26%)
47 (24%)
1.60 (1.20 to 2.36)
64 (39 to 98)
0.56 (0.18 to 1.37)
1.40 (0.60 to 3.90)
5.7 (3.5 to 13.0)
152 (76%)b
137 ⫾ 21
87 ⫾ 14
51 ⫾ 15
13.4 ⫾ 7.5b
98 ⫾ 16
3.38 ⫾ 2.49b
6.4 ⫾ 4.4c
214 ⫾ 45
137 ⫾ 39
139 (98 to 213)c

a

CV, cardiovascular.
P ⬍ 0.05, patients with and without previous CV events.
c
P ⬍ 0.01, patients with and without previous CV events.
b

Figure 2. Adiponectin plasma concentrations in healthy subjects (n ⫽ 76) and in renal patients with (n ⫽ 28) and without
(n ⫽ 199) cardiovascular events (CVE) at study entry. Mean
adiponectin plasma concentration was significantly lower in
renal patients with previous CVE as compared with healthy
subjects and patients without previous CVE (both P ⬍ 0.05
by ANOVA). Data are presented as 95% confidence intervals
of the mean.

previously argued, however, that because of single nephron
hyperfiltration, whole-kidney GFR may not adequately reflect
nephron loss (12). Furthermore, HOMA-IR was not correlated
with renal function across a wide range of diminished GFR
values. We also did not find a significant correlation between IR
and complications of uremia such as anemia and secondary
hyperparathyroidism (data not shown), although these conditions are associated with diminished glucose metabolism in
patients with terminal renal failure (6,8,9).
In contrast to results in patients with type 2 diabetes (17), we
found only a weak correlation between BMI or triglycerides
with adiponectin plasma concentrations. In patients with the
nephrotic syndrome, adiponectin plasma levels were found to
be significantly higher than in nonnephrotic patients with kidney disease (32). In our patients with urinary protein excretion
below the nephrotic range, we found only a marginal correlation between proteinuria and adiponectin plasma levels. However, we found significantly higher adiponectin plasma levels
in 27 patients who had nephrotic syndrome and were not
included in this study (10.8 ⫾ 5.5 versus 6.1 ⫾ 4.0 g/ml in
nonnephrotic patients included in this study; P ⬍ 0.01).
The results of this study in a sizable cohort of patients with
kidney diseases confirm previous observations in smaller populations using different methodologic approaches (11–13). They
clearly support the notion that kidney disease is associated with
IR, hyperinsulinemia, and hyperglycemia and further under-
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Table 3. Clinical and laboratory data of renal patients with and without CV events during follow-up

Gender (male/female 关%兴)
Age (yr)
Body mass index (kg/m²)
Current smoker (n)
Past smoker (n)
Previous CV event
Serum creatinine (mg/dl)
GFR (ml/min per 1.73 m²)
Proteinuria (g/24 h per 1.73 m²)
High sensitivity C-reactive protein (mg/L)
Intact parathyroid hormone (pmol/L)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse pressure (mmHg)
Use of antihypertensive drugs (n)
Insulin (mU/L)
Glucose (mg/dl)
HOMA-IR
Adiponectin (g/ml)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
Triglycerides (mg/dl)
a

CV Events
(n ⫽ 10)

No CV Events
(n ⫽ 167)

9/1 (90/10)
53.5 ⫾ 7.1
26.1 ⫾ 1.6
1 (10%)
1 (10%)
2 (20%)
1.96 (1.39 to 2.88)
39 (32 to 60)
0.30 (0.09 to 2.19)
1.10 (0.90 to 1.51)
7.1 (5.9 to 15.6)
148 ⫾ 24
89 ⫾ 13
59 ⫾ 22
10 (100%)
14.1 ⫾ 6.5
110 ⫾ 25
4.02 ⫾ 2.86
3.0 ⫾ 1.3
215 ⫾ 33
137 ⫾ 29
157 (106 to 286)

109/58 (65/35)
45.9 ⫾ 12.3
25.1 ⫾ 3.8
33 (20%)
43 (19%)
20 (26%)
1.70 (1.22 to 2.76)
57 (37 to 90)
0.72 (0.21 to 1.55)
1.70 (0.70 to 4.00)
6.5 (3.9 to 15.3)
136 ⫾ 20
86 ⫾ 13
50 ⫾ 15a
133 (80%)
13.5 ⫾ 9.9
97 ⫾ 15b
3.43 ⫾ 3.56
6.5 ⫾ 4.5a
216 ⫾ 44
138 ⫾ 39
144 (104 to 221)

P ⬍ 0.05, patients with and without CV events.
P ⬍ 0.01, patients with and without CV events.

b

similar to that of postabsorptive healthy subjects, pointing to
the kidney as a major source of extrahepatic glucose production. Moreover, the results of this study shed light on the
recently well-documented role of renal dysfunction as an independent CV risk factor in individuals without primary kidney
diseases (29,34). Patients who had a history of nonfatal CV
events not only were significantly older and predominantly
male but also had significantly higher fasting insulin blood
levels and HOMA-IR as a reflection of more severe IR as also
seen in patients with the classical metabolic syndrome (25). In
this context, the observation of a higher frequency of hypertension (and possibly of a metabolic syndrome) in families of
patients with IgA glomerulonephritis is of definite interest (35).
Figure 3. Adiponectin plasma concentrations in renal patients
with (n ⫽ 10) and without (n ⫽ 167) CVE during follow-up.
Mean adiponectin plasma concentration was significantly
lower in renal patients with incident CVE as compared with
patients without CVE. Data are presented as 95% confidence
intervals of the mean.

line the currently not widely appreciated role of the kidney in
glucose homeostasis (1– 4,33). The important role of the kidney
in glucose metabolism is well illustrated by the recent publication of Battezzati et al. (33); in anhepatic patients before liver
transplantation, the rate of extrahepatic gluconeogenesis was

IR and Adiponectin: Association with CV Disease
Components of the IR syndrome not only were associated
with CV risk at baseline but also were significantly related to
CV events during follow-up. In patients who experienced CV
events during follow-up, hyperglycemia was present at study
entry. In addition, they had markedly lower adiponectin
plasma concentrations similar to the recent observations in a
large male population with normal renal function (18) and in
patients with terminal renal failure (19). The observation is
remarkable, because in contrast to patients with terminal renal
failure, baseline adiponectin levels were not significantly
higher as compared with healthy subjects. We found a significant negative correlation between GFR and adiponectin plasma
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levels, however, supporting the observation that adiponectin
plasma concentrations increase in renal failure (19,36). Moreover, we found significantly lower adiponectin plasma levels in
patients with prevalent as well as incident CV events. These
results strongly support the notion that adiponectin is a vasoprotective factor and that in patients with mild to moderate
renal dysfunction, hypoadiponectinemia is a CV risk factor,
similar as in patients with the classical metabolic syndrome
(16,37). We have to admit that because of the limited number of
definite CV events during follow-up in our renal patients, the
results obtained in the prospective part of the study have an
explorative character and have to be confirmed in larger trials.
With respect to some classical CV risk indicators, our results
on CV events in renal patients differ to some extent from
findings in other populations. In contrast to some studies in the
classical metabolic syndrome, serum hsCRP concentration as a
putative indicator of microinflammation was not associated
with CV events in patients with mild to moderate renal dysfunction (25,28). Furthermore, self-reported smoking was not a
predictor of CV events. The percentage of current smokers
among our patients was similar to the local population.
In conclusion, a syndrome of IR is present in the earliest
stages of kidney disease even before GFR is decreased. In renal
patients, IR is associated with low adiponectin blood levels
similar to what is found in patients with the metabolic syndrome (16,17). In the latter, the link between IR and related
metabolic derangements, and CV morbidity and mortality has
been well documented (25). The results of this study suggest
that this relationship also holds true in patients with mild and
moderate renal dysfunction. In addition, hypoadiponectinemia
is a novel putative CV risk factor in patients with early stages
of chronic kidney disease.
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