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INSULIN RESISTANCE AS A PREDICTOR OF CARDIOVASCULAR DISEASE IN PATIENTS
ON PERITONEAL DIALYSIS
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¢ Background: Insulinresistanceisassociated with multi-
ple risk factors for cardiovascular (CV) disease in the general
population. Patients on peritoneal dialysis (PD) are more
likely to develop insulin resistance. However, no evaluation
of the impact of insulin resistance on CV disease morbidity
or mortality in patients on PD has been performed.

¢ Methods: Our prospective cohort studyincluded all non-
diabetic patients on PD at our center (n=66). Insulin resis-
tance was evaluated at baseline by the homeostasis model
assessment method (HOMA-IR) using fasting glucose and
insulin levels. The cohort was followed for up to 58 months
(median: 41.3 months; interquartile range: 34.3 months).
A multivariate Cox model was used to analyze the impact of
insulin resistance on CV disease mortality.

¢ Results: Fourteen CVevents occurredin the higher HOMA-
IR group [IR-H (HOMA-IR values in the range 2.85 - 19.5),
n=33], but only one event occurred in the lower HOMA-IR
group (IR-L (HOMA-IR values in the range 0.83 - 2.71),
n =33) during the follow-up period. Level of HOMA-IR was
a significant predictor of CV events [risk ratio: 17.7; 95%
confidence interval (CI): 2.10 to 149.5; p = 0.008]. In the
IR-H group, 10 patients died (8 CV events), butin the IR-L
group, only 4 patients died (1 CV event). Patients in the IR-H
group experienced significantly higher CV mortality (haz-
ard ratio: 9.02; 95% CI: 1.13 to 72.2; p = 0.04). Even after
adjustments for age, systolic blood pressure, body mass
index, C-reactive protein, triglycerides, resistin, and leptin,
HOMA-IR remained an independent predictor of CV mortality
(hazard ratio: 14.8; 95% CI: 1.22 to 179.1; p =0.03).

¢ Conclusions: Insulinresistance assessed using HOMA-IR
was anindependent predictor of CV morbidity and mortality
in a cohort of nondiabetic patients on PD. Insulin resis-
tance is a modifiable risk factor; the reduction of insulin
resistance may reduce CV risk and improve survival in this
group of patients.
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In the general population, insulin resistance is associ-
ated with multiple risk factors for cardiovascular dis-
ease, including abdominal obesity, lipid abnormalities,
and type 2 diabetes mellitus. The clustering of these
abnormalities is called “metabolic syndrome” or “insulin
resistance syndrome” (1). Insulin resistance may play a
central role in the pathogenesis of metabolic syndrome
(2,3). Furthermore, hyperinsulinemia has been found an
independent predictor of ischemic heart disease in the
general population (4).

Peritoneal dialysis (PD) exposes patients to a glucose
load that may worsen the state of insulin resistance and
metabolic disturbance in patients with chronic kidney
disease. Patients on PD are therefore more prone toinsulin
resistance, dyslipidemia, and obesity (5). The elucidation
of the relationship between insulin resistance and cardio-
vascular morbidity and mortality in this group of patients
is particularly important because cardiovascular disease
is the major cause of mortality in patients on PD.

Some studies have documented risk factors for car-
diovascular disease in the general population that are
also predictive of cardiovascular disease in patients with
chronic kidney disease, including insulin resistance,
diabetes, waist circumference, and total cholesterol
(6-8). Recently, two studies investigated the asso-
ciation between insulin resistance and cardiovascular
morbidity in PD patients (9,10). Tatar et al. showed that
insulin resistance was an independent risk factor for
arterial stiffness as indicated by carotid-femoral pulse
wave velocity (9). Sevinc Ok et al. suggested that high
glucose exposure from dialysis solution was a risk fac-
tor for vascular calcification (10). However, epidemio-
logic studies and clinical trials have fostered uncertainty
about the impact of metabolic disorders on mortality
in patients with chronic kidney disease. Some studies
have demonstrated no relationship or have described
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a “reverse epidemiologic phenomenon” in patients on
dialysis and in chronic kidney disease patients not on
dialysis (11-17). A low body mass index (BMI) is associ-
ated with hospitalization and mortality in hemodialysis
(HD) patients (14), and hypocholesterolemiais a signifi-
cant predictor of death in patients on HD (17). Moreover,
no prospective study has evaluated the effects of insulin
resistance level on cardiovascular mortality in patients
on PD. Only one study has used the homeostatic model
assessment of insulin resistance (HOMA-IR) to predict
cardiovascular mortality in patients on HD (6).

We performed a prospective observational cohort
study in nondiabetic patients on PD to evaluate the
effect of insulin resistance on cardiovascular morbidity
and mortality.

METHODS
PARTICIPANTS

The local Ethics Committee on Human Studies at the
Huashan Hospital of Fudan University, China, approved
the protocol. Informed consent was obtained from each
patient. Patients were recruited from the outpatient
unit from November 2006 to March 2009. All patients on
continuous ambulatory PD (CAPD) without a past history
of diabetes mellitus and with a fasting serum glucose of
7.0mmol/L or less were eligible forinclusionin the study.
Patients received regular CAPD for at least 3 months
(median: 15.1 months; interquartile range: 15.4). For
regular CAPD, 2 L of a glucose-based solution (Baxter
Healthcare, Guangzhou, China) was exchanged 3 - 5
times daily. Patients exhibited no acute infection, obvi-
ousinflammation, neoplasia, or unstable cardiovascular
disease for 1 month before enrollment. All 66 patients
identified agreed to participate in the study.

STUDY DESIGN

We used the HOMA formula to determine insulin
resistance at baseline (18,19). Using the median value
as the cutoff point for insulin resistance, patients were
divided in two groups: a high HOMA-IR (IR-H) group, with
HOMA-IR values at or greater than the median; and a low
HOMA-IR (IR-L) group, with HOMA-IR values less than
the median. The differences in baseline characteristics,
including age, sex, cause of renal failure, CAPD duration,
daily glucose absorption from dialysate, dialysis adequa-
cy, residual renal function, and cardiovascular episodes
before CAPD, wereinvestigated. Additionally, differences
in baseline dysmetabolism parameters, including BMI,
blood pressure (BP), serum cholesterol, triglycerides,
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low-density lipoprotein (LDL), high-density lipoprotein
(HDL), C-reactive protein (CRP), ferritin, albumin, total
adiponectin, leptin, and resistin were investigated.

Patients were followed from November 2006 until
death, a switch to HD, renal transplantation, or August
2011. The median follow-up was 41.3 months (inter-
quartilerange: 34.3 months). The primary endpoint was
cardiovascular mortality. The secondary endpoint was a
cardiovascular event.

ASSESSMENT OF INSULIN RESISTANCE

Insulin resistance was assessed using the HOMA-IR
equation:

HOMA-IR = fasting serum insulin (mU/L) x
fasting serum glucose (mmol/L) / 22.5.

DEFINITION OF CARDIOVASCULAR EVENTS

Coronary artery disease was diagnosed when a par-
ticipant met one or more of these criteria:

e Percutaneous coronary intervention or coronary
artery bypass grafting

* Presence of significant stenosis on coronary
angiography

* Presence of ST-Tabnormalities on electrocardiography
in association with typical symptoms attributable to
angina pectoris

Acute decompensated heart failure was diagnosed
primarily by clinical signs and symptoms such as dyspnea,
cough, fatigue, hypertension, tachycardia, cracklesindica-
tive of interstitial pulmonary edema, and wheezing.

Cerebrovascular disease was diagnosed using clinical
history, confirmed by positive findings of infarction or
bleeding on computed tomography or magnetic reso-
nance imaging.

Peripheral artery disease was diagnosed in the pres-
ence of intermittent claudication or leg pain at rest (or
both) and significant arterial stenosis on angiography.

DEFINITION OF CARDIOVASCULAR DEATH

All fatal events were reviewed and classified by the
study group using information from death certificates,
hospital records, and interviews with attending physi-
cians, next of kin, and witnesses. Deaths were classified
as cardiovascular or non-cardiovascular. Cardiovascular
death was defined as mortality caused by cardiovascular
events, specified as already described. The outcome of
this analysis was time to cardiovascular death. Patients
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who left the study or died of a non-cardiovascular cause
were censored for the survival analysis.

MEASUREMENTS AND ASSAYS

At baseline, patients arrived between 0800 h and
0900 h afteran overnight fast of at least 8 hours. Weight
was measured after the peritoneal cavity was emptied.
Blood pressure was measured using a standard mercury
sphygmomanometer after the patient had rested in a
supine position for at least 5 minutes. The average of 3
measurements was used for the analysis. Fasting serum
samples were drawn before the first daily dialysate dwell
for measurement of serum cholesterol, triglycerides, LDL,
HDL, glucose, insulin, albumin, ferritin, CRP, adiponectin,
leptin, and resistin.

Insulin was measured using a chemiluminescence
assay (ADVIA Centaur XP: Siemens, New York, NY, USA).
Adiponectin, leptin, and resistin were measured using
ELISA kits (ABC-ELISA: R&D Systems, Minneapolis, MN,
USA). Other measurements were performed using stan-
dard clinical laboratory methods.

STATISTICAL ANALYSIS

All variables were evaluated for normal distribution
using the Kolmogorov-Smirnov one-sample test for
goodness of fit. Normally distributed data are presented
as mean +standard deviation, and non-Gaussian data are
presented as median and interquartile range. The Student
unpaired t-test and the nonparametric Mann-Whitney
U-test were used to investigate differences between
groups. The Pearson chi-square test was used to evaluate
associations between categoricalvariables. Binary logistic
regression was used to derive estimates of the odds ratios
for cardiovascular events. Survival curves were estimated
using the Kaplan-Meier method, followed by a log-rank
test. Prognosticvariables for survival were first examined
using a univariate Cox proportional hazards regression
model, and then significant variables were forced into a
multivariate Cox model. A p value less than 0.05 (2-tailed)
was considered statistically significant. Allanalyses were
performed using the SPSS software application (version
11.5: SPSS, Chicago, IL, USA) for Windows.

RESULTS
GENERAL FEATURES OF THE STUDY POPULATION
Of the 66 patients included in the study, none was

lost to follow-up. Mean age was 62.1 + 16.3 years, and
31 patients (43.9%) were male. The HOMA-IR exhibited a
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skewed distribution, with a median of 2.78 (3.81). Each
study group included 33 patients.

Table 1 presents the differences in baseline character-
istics between the IR-H and IR-L groups. No differences
in age, sex, CAPD duration, cause of renal failure, daily
transperitoneal glucose absorption, adequacy of dialysis
(total Kt/V), residual renal function, or average BP were
observed between the groups. Moreover, no significant
differences in the proportion of patients receiving
angiotensin-converting enzymeinhibitors, angiotensin II
type 1 receptor blockers, or lipid-lowering agents, includ-
ing statins and fibrates, were observed. No significant
differences in the past history of cardiovascular events
before CAPD therapy were observed. A higher average BMI
in the IR-H group was the only difference observed.

Table 2 presents the differences in laboratory param-
eters between the IR-H and IR-L groups. Serum glucose
was higher in the IR-H group than in the IR-L group.
Serum cholesterol and LDL were similar in both groups,
but serum triglycerides were higher and HDL levels were
relatively lowerin the IR-H group. The IR-H group had sig-
nificantly higher CRPand ferritin levels than did the IR-L
group. No significant differences in hemoglobin oralbu-
min levels were observed between the groups. The IR-H
group had relatively higher leptin levels, but adiponectin
and resistin levels were similar in both groups.

OUTCOME DATA

In the IR-H group, 13 patients experienced 14 cardio-
vascular events (2 acute myocardialinfarctions, 1 angina
pectoris, 1acute decompensated heartfailure, 7 cerebro-
vascularinfarctions, 2 cerebrovascular bleeds, and 1 phle-
bothrombosisina lower limb) during the follow-up period.
In the IR-L group, only 1 patient experienced a single
cardiovascular event (acute myocardialinfarction).

During the follow-up period, 2 patients underwent
renal transplantation, and 11 switched to HD. In the
IR-H group, 10 patients died (8 from fatal cardiovascular
events, 1 from a serious peritonitis, and 1 for unknown
reasons), but in the IR-L group, only 4 patients died (1
from a fatal cardiovascular event, 1 from a serious pneu-
monia, 1 because of intestinal perforation, and 1 from a
serious peritonitis). At the end of the follow-up period,
39 patients were alive on PD.

ASSOCIATION BETWEEN CARDIOVASCULAR MORBIDITY
AND HOMA-IR

Binary logistic regression analysis revealed that,
compared with the IR-L group, the IR-H group had a
significantly higher risk of cardiovascular morbidity,
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TABLE 1
Baseline Characteristics? of the High and Low Insulin Resistance Groups
Insulin resistance group p
Variable High Low Value

Patients (n) 33 33 —
HOMA-IR 5.66 (6.03) 2.07 (0.83) <0.001
Age (years) 63.8+15.5 60.3+17.1 0.40
Sex (% men) 45.4 42.4 0.80
Duration of CAPD (months) 15.4 (15.0) 14.3 (17.9) 0.34
Body mass index (kg/m?) 24.6+3.17 22.9+3.53 0.04
Blood pressure (mmHg)

Systolic 14122 140+23 0.08

Diastolic 84113 80+10 0.64
Glucose absorption (g/day)® 104.0+22.0 98.4+35.6 0.09
Use of ACEIs or ARBs (%) 69.7 63.6 0.07
Lipid-lowering agents (%) 69.7 66.7 0.09
Kt/V

Total 2.14+0.62 2.07+0.52 0.39

Residual renal 0.26 (0.81) 0.21 (0.54) 0.99
Past history of CVD (episodes) 2 4 0.67

Myocardialinfarction 1 2

Cerebrovascular infarction 0 1

Cerebrovascular bleeding 1 1
Cause of renal failure 0.14

Chronic glomerulonephritis 22 30

Hypertensive nephropathy 1 33

Gouty nephropathy 4 0

Chronic pyelonephritis 1 0

Purpuric nephritis 1 0

Others 4 0

HOMA-IR = homeostatic model assessment of insulin resistance; CAPD = continuous ambulatory peritoneal dialysis; ACEIs =
angiotensin-converting enzyme inhibitors; ARBs = angiotensin II receptor blockers; CVD = cardiovascular disease.

2 Data are expressed as mean + standard deviation or median (interquartile range).

b Calculated as [infused dialysate volume (L) x glucose concentration of infused dialysate (g/L)] - [drained dialysate volume (L) x

glucose concentration of effluent (g/L)].

even afteradjustment for sex, age, and dialysis duration
[relative risk: 17.7; 95% confidenceinterval (CI): 2.10 to
149.5; p=0.008].

UNIVARTATE ASSOCIATION BETWEEN CARDIOVASCULAR
MORTALITY AND COVARIATES

Patients in the IR-H group had a significantly higher
risk of cardiovascular mortality [hazard ratio (HR): 9.02;
95% (I: 1.13t0 72.2; p=0.04]. Figure 1 shows the survival
curves estimated by the Kaplan-Meier method. Table 3
presents the univariate associations between mortalityand
other covariates. Elevated leptin and resistin were signifi-
cant univariate predictors of cardiovascular mortality.
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MULTIVARIATE ANALYSIS FOR CARDIOVASCULAR
MORTALITY AND HOMA-IR

In the multivariate Cox model, HOMA-IR remained
an independent predictor of cardiovascular mortal-
ity after adjustment for resistin and leptin (HR: 11.02;
95% CI: 1.15 to 105.4; p = 0.04). Age, BMI, systolic
blood pressure, CRP, and triglycerides were added to
the model to examine whether the effect of HOMA-
IR on cardiovascular mortality was independent of
those factors. Even after adjustment for all those fac-
tors, HOMA-IR remained an independent predictor of
cardiovascular mortality (HR: 14.80; 95% CI: 1.22 to
179.1; p=0.03).



PDI JULY 2013 -VOL. 33, NO. 4

TABLE 2
Differences in Laboratory Parameters Between the
High and Low Insulin Resistance Groups

Insulin resistance group p

Variable High Low Value

Serum glucose (mmol/L)  6.50+0.41 5.41+0.63  0.01

Serum cholesterol 5.47+1.31 5.00¢1.21  0.84
(mmol/L)

Triglycerides (mmol/L)  2.68(2.43) 1.53(1.52) 0.01

HDL (mmol/L) 0.91(0.28) 1.07 (0.43)  0.05

LDL (mmol/L) 2.8240.82 2.41x0.65 0.21

105.5£10.1 111.2+#16.9  0.07
36.0£3.62 36.6£3.50  0.47

8.98(10.9) 3.17 (5.31) 0.001

356.4+184.9 271.2+¢147.8  0.03
4.35(4.11) 5.18(9.92) 0.13
2.00(3.34) 1.49(1.71) 0.002
26.6+£15.7 22.2+¢15.6  0.29

Hemoglobin (mmol/L)
Serum albumin (g/L)
C-Reactive protein
(mg/L)
Ferritin (ug/L)
Adiponectin (ug/mL)
Leptin (ng/mL)
Resistin (ng/mL)

HDL = high-density lipoprotein; LDL = low-density lipoprotein.
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Figure 1 — Kaplan-Meier survival curves demonstrating the
effects of insulin resistance (IR) evaluated using the homeo-
stasis model assessment method on cardiovascular mortality
in patients under treatment with peritoneal dialysis. 1 = low
IR group; 2 = high IR group.

DISCUSSION

Peritoneal dialysis maintains hemodynamic stabil-
ity because drainage occurs slowly and continuously.

CARDIOVASCULAR DISEASE IN PERITONEAL DIALYSIS

TABLE 3
Univariate Associations Between Individual Covariates
and Cardiovascular Mortality Using the
Cox Proportional Hazards Model

p

Variable HR 95% (I Value

HOMA-IR (high vs. 9.02 1.13t072.2 0.04

low group)
Age (per year) 1.05 0.93t01.03 0.11
Duration of PD (per month) ~ 0.98  0.93t01.03 0.33
Sex (men vs. women) 1.31  0.68t02.54 0.42

Body mass index
(per 1 kg/m?)
Systolic BP (per 1 mmHg) 0.98
Diastolic BP (per 1 mmHg) 0.97
C-Reactive protein 1.04  1.00t01.08 0.07

(per 1 mg/L)
Residual Kt/V (<0.1vs.>0.1) 1.27
Serum albumin (per 1 g/L) 0.86
Triglycerides (per 1 mmol/L) 1.05

0.98 0.81to1.18 0.82

0.95t01.01 0.24
0.92to1.02 0.18

0.34to4.73 0.78
0.72t0 1.03  0.09
0.88to1.25 0.60

HDL (per 1 mmol/L) 0.07 0.003to1.42 0.08
LDL (per 1 mmol/L) 1.55  0.68t03.57 0.30
Ferritin (per 1 ug/L) 1.00 1.00t01.01 0.22
Adiponectin (per 1 nug/mL)  0.97  0.86to1.11  0.69
Leptin (per 1 ng/mL) 1.63 1.15t02.30 0.01
Resistin (per 1 ng/mL) 1.04 1.01t01.07 0.01

HR=hazard ratio; CI=confidenceinterval; HOMA-IR =homeo-
staticmodel assessment of insulin resistance; PD = peritoneal
dialysis; BP =blood pressure; HDL = high-density lipoprotein;
LDL = low-density lipoprotein.

Medically, PD should therefore be effective for preventing
cardiovascular disease. However, PD is not superior to
HD (20,21). A study including adult Australian and New
Zealand patients commencing dialysis between 1997
and 2007 (21) demonstrated that, compared with HD,
PDis associated with an increased risk of cardiovascular
mortality after the first year (incidence rate, PD versus
HD: 1.25; 95% CI: 1.12 to 1.32).

The risk factors for cardiovascular morbidity and
mortality in PD patients require close examination. Our
study revealed that, as an index of insulin resistance,
HOMA-IR is an independent predictor of cardiovascular
mortalityin nondiabetic patients on PD. In a prospective
observational cohort study of 183 nondiabetic patients
on HD, Shinohara et al. found that the effect of HOMA-
IR on cardiovascular mortality was independent of age,
CRP, presence of preexisting vascular complications,
BMI, hypertension, and dyslipidemia (6), which is con-
sistent with our results. However, no similar studies in
patients on PD have been reported in the literature. This
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informationis of potential clinical value because it might
encourage the use of therapeutic options—including
glucose-sparing dialysate, drugs, and physical activity—
to improve insulin sensitivity in patients on PD and to
reduce cardiovascular risk.

Numerous factors have been implicated in the patho-
genesis of the insulin resistance that occurs before the
initiation of dialysis therapy, including anemia, dys-
lipidemia, uremia, malnutrition, parathyroid hormone
excess, vitamin D deficiency, and metabolic acidosis.
This situation is partially corrected after dialysis is
initiated (5). Thrice-weekly HD for 10 weeks improved
insulin resistance in end-stage renal disease patients
(22). However, the development of insulin resistance
in PD patients after an initial improvement is generally
attributed to the high glucose load thatis absorbed from
dialysate, which contributes to a wide spectrum of meta-
bolic abnormalities, including hypertriglyceridemia,
poor glycemic control, new-onset diabetes, hyperten-
sion, and central obesity.

Insulin resistance in the general population is
related to several cardiovascular risk factors, including
hyperglycemia, dyslipidemia, obesity, and inflamma-
tion, and it is the central pathophysiologic process of
the metabolic syndrome (2,3). We hypothesized that
the association between HOMA-IR and cardiovascular
mortality would depend on those risk factors. Although
the patients in the IR-H group had higher BMI levels,
more lipid disturbances, and higherinflammation levels,
HOMA-IR was an independent predictor of cardiovascu-
lar mortality after adjustment for those factors in this
cohort of patients. Survival studies in patients on HD
suggest that a high BMI is associated with improved
survival (14,23,24). That finding can be explained by
considering that underweight patients are more likely
to fallilland that, because of nutrition and energy defi-
cits, tend to recover more slowly than normal-weight
and overweight patients.

The effect of HOMA-IR on cardiovascular mortality was
independent of BMI in our study. Several explanations
for that observation are possible. First, our patients
were relatively stable and in good health at the time
of enrollment. Average serum albumin in our study
group was in the normal range. Underweight patients
who lost weight because of acute illness or wasting
at baseline were therefore not included in the study.
Short-term mortality because of a negative nitrogen
balance, inflammatory disorders, or other causes is
strongly associated with a lower BMIin dialysis patients.
Second, BMI does not differentiate between muscle
and fat, and visceral fat plays an important role in the
development of insulin resistance and atherosclero-
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sis (25). The protective effect of increased BMI has
been limited to patients on HD with normal or high
muscle mass (26). Low-grade systemic inflammation
is an important potential factor in the pathogenesis of
insulin resistance in end-stage renal disease. We there-
fore expected that the association between HOMA-IR
and cardiovascular mortality would be dependent
on inflammation and that the association would be
insignificant when CRP or inflammation-associated
adipokines such as resistin and leptin were included
in the multivariate Cox model. However, the effect of
HOMA-IR on cardiovascular mortality was independent
of CRP in the present study. Resistin was also an inde-
pendent predictor of cardiovascular mortality in our
study, which is consistent with reports that resistin
is correlated with cardiovascular risk factors (27,28)
and is a predictor of cardiovascular events (29,30)
in the general population. Those results suggest that
insulin resistance and inflammation might indepen-
dently affect cardiovascular mortality in patients on
PD. In addition, several of the insulin resistance-
associated risk factors for chronic kidney disease were
not included in our model. Those risk factors include
the small dense LDL phenotype (31), increased lev-
els of plasminogen activator inhibitor 1 (32), and
hyperhomocysteinemia (33).

Several limitations of the present study should be
acknowledged. First, the sample size—66 PD patients—
is smaller than that of large registry analyses. The
point estimates (HRs) of HOMA-IR therefore have wide
95% confidence intervals. Second, the duration of PD
in the study population varied widely, and a mix of
early and long-term patients may not be adequate to
study correlations and metabolic links that likely change
with time. Third, insulin resistance can best be evaluated
using the hyperinsulinemic euglycemic clamp technique;
however, in this study, we use HOMA-IR to estimate the
insulin resistance level of the subjects at baseline. The
HOMA-IR techniqueis easy to perform, and results using
HOMA-IR are consistent with results obtained using the
euglycemicclamp (18,19). The HOMA-IR index can also be
applied to subjects with renal failure and to nondiabetic
PD patients (34-37).

CONCLUSIONS

Our study revealed thatinsulin resistance as assessed
by HOMA-IR was an independent predictor of cardiovas-
cular mortalityin a cohort of nondiabetic patients on PD.
Insulin resistance is a modifiable risk factor; reduction
of insulin resistance may lower cardiovascular risk and
improve survivalin this group of patients.
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