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Abstract

Goal—Adiponectin is an anti-inflammatory and insulin-sensitizing adipokine produced by adipose
tissue. The purpose of this study was to determine the relationships between adiponectin and glucose
metabolism in stroke survivors and to compare adiponectin levels between stroke subjects and non-
stroke controls similar in age, gender, and body mass index (BMI).

Materials and Methods—Fifty-two stroke survivors (35 men, 17 women) and 33 (22 men, 11
women) non-stroke controls had plasma adiponectin levels measured by RIA, an oral glucose
tolerance test, and a peak oxygen consumption (VOzpeak) graded treadmill test. Insulin resistance
and insulin sensitivity were assessed using the Homeostasis Model Assessment (HOMA-IR) and
Insulin Sensitivity Index (1SIyy).

Results—Adiponectin levels were positively associated with age (r=0.32, P<0.05) and negatively
associated with glucose homeostasis (fasting glucose: r=—0.42; insulin: r=—0.36; G12omin: r=—0.39;
HOMA-IR: r=—0.45; and ISly: r=0.44, all P<0.01) in stroke survivors. Adiponectin levels were
significantly different between normal glucose tolerant (NGT), impaired glucose tolerant (IGT) and
diabetic stroke subjects (11.1+0.99 vs. 9.56+0.99 vs. 5.75+1.55 ng/ml, P<0.05).

Adiponectin levels were 62% higher in stroke than controls (9.29+0.62 vs. 5.80+0.40 ng/ml, P<0.001)
despite greater fasting insulin levels (81%) and 120min insulin (70%) in stroke survivors than controls
(P<0.05). HOMA-IR was 78% higher and ISly, was 81% lower in stroke survivors than controls
(P<0.05).

Conclusions—Plasma adiponectin levels are associated with age and insulin sensitivity but not
adiposity in stroke survivors. The paradoxical finding that the more insulin resistant stroke survivors
had higher adiponectin levels than more insulin sensitive controls suggests that perhaps, anti-
inflammatory cytokines increase to counter an inflamed and insulin resistant state in stroke survivors.
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INTRODUCTION

Inflammatory processes generally contribute to atherosclerotic plaque instability leading to
ischemic vascular events and simultaneously contributing to disease risk progression for type
2 diabetes. Stroke survivors are at a heightened risk for type 2 diabetes [1] and the prevalence
of abnormal glucose metabolism approaching 80% according to our recent studies [2]. As
systemic inflammation plays a critical role in atherosclerotic diseases, vascular event risk,
insulin resistance, and the development of type 2 diabetes [3][4][5][6], inflammatory processes
may be upregulated in stroke survivors.

Adipose tissue produces a variety of relevant cytokines collectively known as “adipokines”
including adiponectin [7]. Ironically, adiponectin is decreased in obesity [8], negatively
associated with abdominal adiposity [9], and positively predicts increased glucose utilization
and insulin sensitivity [9] [10]; findings which are replicated regardless of obesity status as
determined by body mass index (BMI) [11]. Furthermore, adiponectin levels are reduced in
patients with type 2 diabetes and coronary heart disease suggesting it may have some protective
effect against atherosclerosis with anti-inflammatory effects in some conditions [12] [13]. To
our knowledge, the role of adiponectin as a cytokine implicated in the insulin resistance of
stroke is unknown.

We tested the hypothesis that adiponectin levels would be positively associated with measures
of insulin sensitivity and lower in stroke survivors than healthy controls. Thus, the purpose of
this study was to determine the relationships between adiponectin and glucose metabolism in
stroke survivors and to compare adiponectin levels between stroke subjects and non-stroke
controls.

MATERIALS AND METHODS

Subjects

Fifty-two individuals (35 men and 17 women) between the ages of 47 — 86 years and BMI
between 19.8 — 49.7 kg/m? with chronic residual hemiparetic deficits more than six months
after index cerebral infarction were recruited by advertisement in local media (newspaper and
television advertisements) and local area outpatient centers. All stroke survivors had mild to
moderate hemiparetic gait deficits and completed conventional rehabilitation therapy.
Evaluations included medical history and physical examination, fasting blood profile, and
screening for dementia and depression [14][15]. Stroke participants were excluded if they had
unstable angina, congestive heart failure (NYHA I1), severe peripheral arterial disease, major
post-stroke depression, dementia, impaired comprehension, orthopedic or chronic pain
conditions.

Thirty-three men (n=22) and women (n=11) aged 51 —74 years and a BMI range of 24.6 — 35.3
kg/m? participated in the study as controls. Control subjects were screened by medical history
questionnaire, physical examination, fasting blood profile, and a graded exercise treadmill test
to exclude those with cardiovascular disease (CVD). Stroke and control subjects had no
evidence of cancer, liver, renal, or hematologic disease. Stroke participants and controls were
sedentary (<20 min of aerobic exercise 2x/wk).

All methods and procedures for the study were approved by the Institutional Review Board of
the University of Maryland and Baltimore VA Research & Development Committee. Each
participant provided written informed consent to participate in the study.
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Treadmill Exercise Tests

Maximal oxygen uptake (VO,max) was measured because of its positive association with
insulin sensitivity [16]. A graded submaximal treadmill test with open circuit spirometry was
conducted to measure VO, peak [17], defined as the highest VO, attained in the last minute
of exercise. VO,max was measured using a continuous treadmill test protocol in non-stroke
controls as previously described [18]. Validation for attainment of VO,max included meeting
two of the following three criteria: 1) a plateau in oxygen uptake with an increased work load
as evidenced by a difference in oxygen uptake of < 2 ml-kg~1-min~1; 2) a respiratory exchange
ratio >1.10; and 3) a maximal heart rate within 10 beats/min of the age-predicted maximal
value.

Body Compaosition

Height (cm) and weight (kg) were measured to calculate body mass index (BMI) as weight
(kg)/height (m?). Fat mass, lean tissue mass, and % body fat were determined by dual-energy
X-ray absorptiometry (DXA, Model Prodigy LUNAR GE version 7.53.002 analyses).

Glucose Metabolism

All subjects underwent a 75 g 2-hour oral glucose tolerance test (OGTT) [19] with blood
samples drawn at baseline, 30, 60, 90 and 120 min for measurement of plasma glucose and
insulin levels.

Analysis of Blood Samples

Blood samples were collected in heparinized syringes and placed in prechilled test tubes
containing 1.5 mg EDTA/mI of blood. The blood samples were centrifuged at 4°C and a 1ml
aliquot of plasma was rapidly frozen (=80°C) for subsequent hormone analysis. All
determinations were performed in duplicate. Plasma glucose was measured with the glucose
oxidase method (2300 STAT Plus, YSI, Yellow Springs, OH). Immunoreactive insulin and
human adiponectin levels were determined by RIA (Linco Research Inc., St. Charles, MO).

Statistical Analyses

The insulin sensitivity index was calculated using the method of Matsuda and DeFronzon
(1SIy) [20] [10,000/square root of (fasting plasma glucose X fasting plasma insulin) X (mean
OGTT glucose concentration X mean OGTT insulin concentration). Homeostasis model
assessment for insulin resistance, IR (HOMA-IR) was calculated as described by Matthews et
al. [21] [(fasting insulin (uU/mI) X fasting glucose [mmol/I1])/22.5]. All data were analyzed
using SPSS 12.0. The data were analyzed for the total group, as well as by glucose tolerance
status (normal, pre-diabetic, and diabetic) in stroke subjects. Standard methods were used to
compute means, standard error of the means, and Pearson correlation coefficients. Multiple
regression models were used to examine the effects of age, body fat, VO, peak, basal glucose,
and insulin levels on adiponectin levels. All standard tests were two-tailed. Data are means +
SEM and P values < 0.05 were regarded as statistically significant.

RESULTS

Stroke survivors and controls were well matched for gender with each group consisting of 67%
men and 33% women. Physical characteristics for each group are presented in Table 1. As
shown, there was no difference in age, body weight, BMI, and total body fat mass between
stroke survivors and controls but lean body mass was 14% lower in stroke survivors than
controls (P < 0.05). In addition, VO,peak was 57% lower in stroke survivors than controls (P
<0.001).
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The metabolic characteristics and adiponectin concentrations for both groups are presented in
Table 2. Two stroke subjects had diabetes by elevated fasting glucose and six had G129> 200
mg/dl (n=8, 15%); however, none were treated with oral hypoglycemic agents or insulin.
Nineteen (36%) stroke subjects had impaired glucose tolerance. Three of the controls (9%) had
type 2 diabetes by G199 and 14 (42%) had impaired glucose tolerance. Thus, 51% of both
groups had abnormal glucose metabolism. Both fasting plasma glucose and Gy, were not
different between stroke survivors and controls. However, fasting insulin levels and
insulinyoq levels were 81% and 70% higher in stroke survivors than controls (P < 0.05).
Furthermore, HOMA-IR was 78% higher in stroke survivors and 1Sy, was 81% lower in stroke
survivors than controls (P < 0.05), both indicating insulin resistance in stroke. Contrary to our
hypothesis, adiponectin levels were 62% higher in stroke subjects than controls (P < 0.001).

Differences in adiponectin levels were observed as a function of glucose tolerance status in
stroke subjects (Figure 1). Comparisons of adiponectin (ANOVA) between normal glucose
tolerant (NGT) (n=25), impaired glucose tolerant (IGT) (n=19) and diabetic stroke subjects
(n=8) were significant at the 0.05 level (NGT vs. IGT vs. diabetic: 11.1 £ 0.99 vs. 9.56 £ 0.99
vs. 5.75 + 1.55 ng/ml). As expected, fasting glucose and G1yq levels were higher and ISIy, was
lower in those with type 2 diabetes and IGT than normals (P < 0.01). The stroke group was
also divided into those on (n = 31) and those not on (n = 21) statin medication in order to gain
insight to the unexpectedly high adiponectin levels. These groups also did not differ in glucose
or insulin levels, ISIyy or HOMA-IR (data not shown) and there were no differences in
adiponectin concentrations according to statin use (10.0 £ 1.0 vs. 8.8 = 0.8 ng/ml, non-statin
vs. statin).

Correlations between plasma adiponectin concentrations and age, body composition, fitness,
and glucose metabolism variables in stroke survivors are shown in Table 3. Older age was
associated with higher plasma adiponectin in stroke (P < 0.05). Body weight, body fat mass,
BMI, and VO,peak were not associated with adiponectin levels after stroke. Fasting and
G129 levels and insulin concentrations (P < 0.05) and HOMA-IR (Figure 2, P < 0.01) were
negatively associated with adiponectin levels. ISI index was positively correlated to
adiponectin concentrations in stroke survivors (Figure 3, P < 0.01). In a multiple stepwise
regression model to predict adiponectin levels, we put in the variables age, fasting glucose,
G120, HOMA-IR and ISly;. Age and fasting glucose remained in the model at P < 0.005
(r=0.53).

DISCUSSION

Adiponectin levels were associated with age and insulin sensitivity in stroke subjects with the
lowest concentrations found in those with type 2 diabetes. Our results also indicate that despite
greater insulin resistance in stroke survivors, adiponectin concentrations are higher in stroke
subjects than non-stroke controls. It is possible that aging and stroke trigger a counter-
regulating response to increase adiponectin levels in this patient population, perhaps to offset
an increase inflammatory state. Moreover, we would hypothesize that adiponectin levels would
fall in response to worsening of glucose status in stroke survivors.

Stroke survivors have a 70% prevalence of type 2 diabetes and insulin resistance [22]. Several
studies report an association of insulin resistance with risk for stroke [23][24][25]. Impaired
ISI\ [20] was highly prevalent among nondiabetic patients with a recent TIA or nondisabling
ischemic stroke [26]. Thus, there is considerable epidemiological evidence that links insulin
resistance and diabetes to stroke. To our knowledge, we are the first to report a relationship
between adiponectin and insulin sensitivity in stroke survivors. Our results in stroke survivors
are similar to observations in healthy individuals that plasma adiponectin concentrations
predict increased glucose utilization and insulin sensitivity [9] [10]. The stroke patients in this
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study had progressively lower adiponectin levels according to worsening diabetes status, as
had previously been reported in non-stroke volunteers [12][13]. In this group of stroke
survivors, no subjects were treated with oral glucose agents and none were on insulin. Thus,
we were able to examine adiponectin levels without the confounding effect of medication. The
adiponectin levels were highest in the normal glucose tolerant stroke group and were lower
with worsening of glucose metabolism which confirms the observed relationships between
adiponectin levels and insulin resistance in stroke survivors.

The beneficial effects of adiponectin extends beyond insulin sensitivity. It also has an observed
protective role against ischemic vascular events. Although inflammation may lead to the
cardiovascular disease progression through accelerated local weakening of atherosclerotic
plaques, leading to rupture and thrombus formation [27], adiponectin may exert an opposite
effect. For example, low adiponectin levels are significantly and independently associated with
the development of coronary artery disease [28] [29]. Low levels of adioponectin are predictive
of cardiac and cerebrovascular events after percutaneous coronary intervention [30] and are a
significant risk factor for cardiovascular events such as cardiovascular death, myocardial
infarct and stroke in patients with type 2 diabetes [31]. Hypoadiponectinemia is reportedly a
biomarker for ischemic stroke and increased mortality after stroke [32][33]. An adiponectin
knock-out mouse model of middle cerebral artery occlusion supports the role of adiponectin
in stroke. In this case, reperfusion led to increased infarct size, whereas injection of adiponectin
reduced the infarct size, suggesting in this model that adiponectin protects the brain from acute
ischemic injury [34]. By contrast, in one study, adiponectin measured greater than 5 years prior
to stroke was not predictive of future stroke [35].

We unexpectedly observed 60% higher adiponectin concentrations in the stroke survivors than
non-stroke controls, despite similar age and adiposity, and higher fitness and insulin sensitivity
index in the controls. Although statin use has been described in one paper to increase
adiponectin levels [36], adiponectin levels were not different in our stroke survivors based on
statin use, nor did these sub-groups differ in any of the glucose or insulin variables including
HOMA-IR and ISly,. Thus, statin use does not appear to explain the higher adiponectin levels
observed in our group of stroke patients. We also excluded patients with liver disease, moderate
alcohol intake and renal dysfunction which are known to increase adiponectin. We also
observed an association between adiponectin and age in the stroke group; a relationship that
has previously been demonstrated [37] [38] [39]. We hypothesize that the combination of aging
and a history of stroke leads to compensatory increases in plasma adiponectin in an attempt to
counteract the ensuing insulin resistance associated with stroke.

One mechanism by which adiponectin exerts its insulin-sensitizing effects is through a decrease
in muscle and liver triglyceride content [40]. In rodent skeletal muscle, adiponectin increases
fatty acid oxidation [40][41] by activating AMPK and inactivating aceytyl CoA carboxylase
(ACC) [42], thereby regulating glucose metabolism. It remains to be investigated whether there
are changes in fatty acid oxidation in skeletal muscle of stroke subjects. Our findings of
increased intramuscular fat by CT in the paretic leg of stroke survivors [43] would tend to
contradict the observed higher adiponectin levels in our stroke participants and yet, support a
possible reduced fatty acid oxidation in stroke.

We cannot rule out the possibility that genetic variations in the adiponectin gene contribute to
our findings. Several quantitative trait loci have been identified that have significant evidence
of linkage for obesity-related phenotypes with serum adiponectin levels [44]. The
polymorphisms in the adiponectin gene are also associated with adiponectin plasma
concentrations, obesity and insulin resistance [45][46][47]. In a large prospective cohort of
healthy men, adiponectin gene variations were associated with incident ischemic stroke [48]
suggesting that certain genetic variants in the ADIPOQ gene have a potential protective effect.
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We conclude that plasma adiponectin levels are associated with insulin sensitivity index after
stroke and that concentrations are lowest in stroke survivors with type 2 diabetes. The finding
of higher adiponectin in insulin resistant stroke survivors compared to non-stroke individuals
was unexpected and suggests a possible counter-regulating protective response to the
physiological stress of aging with a chronic neurological condition. Additional studies are
needed to determine whether changes in adiponectin concentrations with treatments or
interventions are associated with improvements in insulin sensitivity in stroke survivors and
the mechanisms whereby this occurs.
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Plasma adiponectin concentrations in stroke survivors grouped by glucose tolerance status (X
+SEM, *P<0.05 type 2 diabetes vs. impaired glucose tolerance vs. normal glucose tolerance).
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Figure 2a: Relationship of HOMA-IR with plasma adiponectin concentrations in stroke
survivors (n=52, r = —0.45, P = 0.001).

Figure 2b: Relationship of insulin sensitivity index with plasma adiponectin concentrations in
stroke survivors (n=52, r = 0.44, P = 0.001).
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Physical characteristics of stroke survivors and controls.
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Stroke Survivors Controls

(n=52) (n=33)

Age (years) 65+1.4 62+1.3
Weight (kg) 843+3.1 87.7+23
BMI (kg/m?) 292409 29.7+05
Total body fat mass (kg) 28016 30916
Lean body mass (kg) 47.9+272" 54.6 +1.8
Percent body fat 34315 348+15
VO,peak (ml-kg.min ) 13106 23.31.0
VO,peak (I/min) 11+01" 21401

BMI = body mass index; VO2peak = peak oxygen consumption. Values are means + SEM.
*
P <0.05

TP <0.001.
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Table 2
Metabolic characteristics of stroke survivors and controls.

Stroke Survivors Controls
(n=52) (n=33)

Normal glucose tolerant (%) 48 52
Impaired glucose tolerant (%) 37 42
Type 2 diabetes (%) 15 6
Fasting plasma glucose (mmol/l) 54+0.1 54+0.1
Fasting plasma insulin (pmol/l) 98+7" 79+4
Glucose; o (mmol/l) 8.4+04 7604
Insulin; ,, (pmol/l) 718 + 55" 502 + 61
IS1 262+017" 3.24+0.26
HOMA-IR 3.45+0.26" 2.71+0.16
Adiponectin (ng/ml) 9.29 + 0_62T 5.80 £ 0.40

BMI= body mass index; ISI = insulin sensitivity index; HOMA IR = homeostatic insulin resistance. Values are means + SEM.
P <0.05

TP < 0.001 stroke vs. controls
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Table 3
The relationships between the plasma adiponectin concentrations and body composition and glucose metabolism
variables in stroke survivors.

Pearson Correlation P-value
Coefficients
Plasma Adiponectin

Age 0.32 0.02
Weight —0.24 0.09
BMI —-0.26 0.84
Body fat mass -0.11 0.46
VO,peak (ml/kg/min) —-0.18 0.23
Fasting plasma glucose —-0.42 0.002
Fasting plasma insulin —0.36 0.008
Glucose; —0.39 0.004
Insulingy, -0.18 0.22
ISIy 0.44 0.001
HOMA-IR —-0.45 0.001

BMI = body mass index; ISIM = Insulin Sensitivity Index; HOMA-IR = Homeostasis model assessment for insulin resistance
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