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ORIGINAL ARTICLE

Circulating Des-acyl Ghrelin Improves Cardiovascular Risk
Prediction in Older Hypertensive Patients

Yuichiro Yano," Masamitsu Nakazato,? Koji Toshinai,? Takashi Inokuchi,? Shuntaro Matsuda,*
Toshiaki Hidaka,” Manabu Hayakawa,* Kenji Kangawa,® Kazuyuki Shimada," and Kazuomi Kario'

BACKGROUND

We aimed to assess the predictive value of circulating levels of des-
acyl ghrelin, an abundant form of ghrelin in humans, for the risk of
cardiovascular disease (CVD) in older hypertensive patients. We simul-
taneously evaluated other biomarkers, such as high-molecular-weight
(HMW) adiponectin, high-sensitivity C-reactive protein (hs-CRP), and
plasminogen activator inhibitor 1 (PAI-1), for their usefulness in risk
prediction.

METHODS

We enrolled 580 older hypertensive patients {(mean age = 72.9 years;
41.0% men). The incidences of CVD, including coronary artery disease,
stroke, congestive heart failure, and sudden death, were prospectively
ascertained.

RESULTS

During an average duration of 2.8 (SD = 0.7) years (1,653 person-
years), there were 42 CVD events. Patients with CVD events had
lower levels of des-acyl ghrelin at baseline than those without CVD
events (median = 78.2 vs. 114.7fmol/ml; P < 0.001). No difference

Ghrelin, an endogenous ligand for growth hormone secreta-
gogue receplor type la, is a peptide that has been shown to
stimulate food intake and energy balance.'~* In recent clinical
studies, ghrelin and the major form (80%—-90%) of ghrelin in
circulation, des-acyl ghrelin, have attracted much attention
because of their beneficial effects on the cardiovascular system,
such as on vasodilation, amelioration of endothelial dysfunc-
tion, and suppression of sympathetic nerve activity™ From
the clinical point of view, these findings raise the possibility
that circulating levels of ghrelin or des-acyl ghrelin could serve
as a useful biomarker to predict cardiovascular disease (CVD).

Two prospective studies recently demonstrated that low
circulating ghrelin levels were associated with increased
risk of cardiovascular morbidity and mortality in hemo-
dialysis patients.!™ In particular, low ghrelin values in

was found among other biomarkers between the patients with CVD
events and those without such events. The Cox proportional hazards
model adjusted by covariables revealed that the hazard ratio for CVD
events in patients with a 1-SD decrease of log des-acyl ghrelin was 1.8
(95% confidence interval = 1.3~2.4). Incorporation of des-acyl ghrelin
in the risk model (including age, current smoking, 24-hour systolic
blood pressure, preexisting CVD; and carotid intima-media thickness)
improved the C statistics (from 0.683 to 0.721; P = 0.22) and resulted
in a net reclassification improvement of 20.5% (P = 0.02). In contrast,
HMW adiponectin, hs-CRP, and PAI-1 provided no improvement in risk
prediction.

CONCLUSIONS
Des-acyl ghrelin improved the prediction of CVD events in older hyper-
tensive patients.

Keywords: blood pressure; cardiovascular disease; des-acyl ghrelin;
geriatric; hypertension.

doi:10.1093/ajh/hpt232

protein-energy-wasted hemodialysis patients were linked to
a markedly increased cardiovascular mortality risk. Ghrelin
can reflect an individual’s energy balance,'~* and thus ghrelin
may be useful as a biomarker for predicting outcomes at the
pathological state in which protein-energy wasting or frailty
contributes to individual prognosis. This hypothesis can
apply to older patients with hypertension,'*! but the prog-
nostic value of circulating ghrelin or des-acyl ghrelin levels
in older hypertensive patients has never been examined.

In this study; we examined the predictive value of circulating
levels of des-acyl ghrelin for the risk of CVD events in older
hypertensive patients. We also compared these values with those
of other cardiovascular biomarkers, such as high-molecular-
weight (HMW) adiponectin, high-sensitivity C-reactive pro-
tein (hs-CRP), and plasminogen activator inhibitor 1 (PAI-1).
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METHODS
Patient characteristics

The methods of the study have been detailed elsewhere !}
Briefly, from July 2007 to March 2009, we initially enrolled
596 consecutive patients with essential hypertension (mean
age = 72.9+8.3 years; 42% men) who had been treated at
our outpatient clinic (Kitaura National Health Insurance
Hospital or Nango National Health Insurance Hospital,
both in Miyazaki, Japan). Hypertension was defined as office
blood pressure {(BP) 2140/90mm Hg on at least 2 occa-
sions or current use of antihypertensive drugs. The enrolled
patients were ambulatory, lived independently, and were
not nursing home residents. The exclusion criteria for this
study were as follows: a recent history (within 6 months) of
coronary artery disease (defined by myocardial infarction
or events requiring treatment with percutaneous coronary
intervention), stroke, or congestive heart failure; the pres-
ence of inflammatory diseases (acute infection, autoimmune
diseases); the presence of malignant diseases; atrial fibrilla-
tion; previous gastrectomy; and the absence of or incomplete
data sampling. At baseline, all patients underwent measure-
ment of 24-hour ambulatory BP monitoring (ABPM), blood
sampling, and cardiac and carotid artery ultrasonography
(see Supplementary Material).

This study was approved by the institutional review board
at Jichi Medical University, and written informed consent
was obtained from all participants.

Biomarker analysis

Venous blood was obtained in the morning (8:00 and
8:30 aM) after the patient had fasted overnight. The plasma
des-acyl ghrelin levels were determined using a commer-
cially available enzyme-linked immunosorbent assay kit
(Mitsubishi Kagaku Tatron, Tokyo, Japan).* The HMW adi-
ponectin concentrations were measured using a two-step
sandwich enzyme-linked immunosorbent assay system
(FujiRevio, Tokyo Japan), and the serum levels of nitric oxide
(NO) were assessed by nitrite/nitrate (NO2~ and NO3", NOx)
using a high-performance liquid chromatography ultra-
violet system. The concentrations of hs-CRP (N hs-CRP;
Dade Behring, Liederbach, Germany) and PAI-1 antigen
(LPIA-NV7; Mitsubishi Chemical Medience, Tokyo, Japan)
were measured by SRL Inc (Tokyo, Japan). The intraassay and
interassay coefficients of the laboratory tests were all <7%.

Diabetes was defined as the use of antihyperglycemic
agents or a serum fasting glucose level of 2126mg/dl. To
estimate renal function, the glomerular filtration rate was
estimated by the Modification of Diet in Renal Disease
study equation modified for Japanese, using the following
equation: estimated glomerular filtration rate (ml/min/1.73
m?) = 194 x age (years) % x serum creatinine (mg/ dl)-ro
(for women, x 0.739).

ABPM and cardiac and carotid artery ultrasonography

Twenty-four-hour ABPM (TM-2425; A&D, Tokyo, Japan)
was performed with an automatic oscillometric device at

728 American Journal of Hypertension 27(5) May 2014

30-minute intervals. For full details, see Supplementary
Material. A trained physician (Y.Y.) who was unaware of
the patient’s laboratory and ABPM data performed cardiac
ultrasonography and carotid artery ultrasonography on
all participants."*® M-mode left ventricular end-diastolic
diameter and interventricular septum and posterior left
ventricular wall thicknesses at end diastole were measured
according to the guidelines of the American Saciety of
Echocardiography.'” None of the patients had an impaired
(<40 %) ejection fraction in this study. The caralid arteries
were examined bilaterally at the level of the common carotid
artery, bulb, and internal-carotid artery (ICA), as measured
from both transverse and longitudinal orientations. The
region with the thickest intima-media thickness (IMT) was
measured, and the values calculated as the mean of the single
thickest point in the far wall on both sides were included in
our analysis. A repeatability analysis'*!'® demonstrated the
coeflicient of variation of mean difference for repeat meas-
ures of carotid-artery IMT was within 10%.

Follow-up and events

Components of the CVD endpoints included the fol-
lowing: (i) acute myocardial infarction or events requiring
urgent treatment by percutaneous coronary intervention for
unstable angina (criteria for myocardial infarction included
definite electrocardiographic findings (i.e., ST elevation),
typical or atypical symptoms together with electrocar-
diographic findings and abnormal enzymes, or typical
symptoms and abnormal cardiac enzymes with or without
electrocardiographic findings); (i) stroke, defined as sud-
den onset of a neurological deficit persisting for 224 hours
in the absence of any other disease that could account for
the symploms (stroke events were categorized as cerebral
infarction, cerebral embolism, or hemorrhagic based on
the findings of brain compuled tomography or magnelic
resonance imaging); (iii) hospital admission for congestive
heart failure, which was defined by the clinical symptoms,
including dyspnea, shortness of breath, peripheral edema,
and pulmonary edema on chest X ray; and (iv) unexplained
sudden death within 6 hours of the abrupt onset of symp-
toms. If CVD events occurred on 22 occasions, the first
occurrence of CVD was included in the analysis. Transient
ischemic brain attacks (i.e., those in which the neurological
deficit was completely resolved within 24 hours of the onset
of symptoms) were not calculated as clinical CVD events.

Fvidence regarding the above CVD) outcomes was ascer-
tained by ongoing reports from a general physician at each
institute.) The incidences of CVD were also ascertained
by at least annual reviews of the patient’s medical records.
‘When patients failed to come to the hospital, we interviewed
them and/or their families by telephone: among these
patients, 2 were shown to have had CVD events. With the
exception of these 2 cases, all CVD events were diagnosed
by the physicians who were caring for the patient at the time
of the events, and independent physicians reviewed the cases
and confirmed the diagnosis of CVY events. A final follow-
up survey to reconfirm the clinical outcomes was performed
from May 2011 to September 2011; the mean follow-up
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period was 2.8 (SD = 0.7) years (1,653 person-years), and
complete follow-up has been achieved for 99.7% (n = 594)
of the cohort.

Statistical analysis

All statistical analyses were performed with SPSS version
18.0] software (SPSS, Chicago, IL) and STATA version 12.1
(STATACorp, College Station, TX). Clinical parameters in
patients with or without CVD events were compared using
the unpaired ¢ test for variables with normal distribution or
Mann-Whitney U test for variables with skewed distribu-
tion, and categorical parameters were compared with the
X* test.

We used the Cox proportional hazards model to examine
the association between each biomarker and CVD events.
A penalized cubic spline (knots at every 5fmol/ml in des-
acyl ghrelin) was drawn to assess the shape of the association
between des-acyl ghrelin and CVD events. Because all bio-
markers and carotid artery IMT levels had skewed distribu-
tions, they were logarithmically transformed before analysis.
After making adjustments for several risk factors such as
age, current smoking, 24-hour systolic BP (SBP), preexisting
CVD, and log ICA-IMT, we calculated the hazard ratio (HR)
and 95% confidence interval (CI) for clinical CVD events
for each biomarker. The likelihood ratio, x?, statistic was
used to evaluate the goodness-of-fit of predictive models.
Comparison of the predictive power of predictive models
was conducted by C statistics (Harrell’s C).'® In addition, risk
reclassification was assessed by categorizing the predicted
risk for each model into categories of <10%, 10% to <20%,
and 220%." Because no established categories exist that
guide clinical decisions for CVD risk in older hypertensive
patients, the category-based net reclassification improve-
ment (NRI) was based on the standard categories for 10-year
CVD risk.?* We calculated the proportion of participants
who were reclassified by the comparison model compared
with the reference model. We computed the NRL*' which
compares the shifts in reclassified categories by observed
outcome, and the integrated discrimination improvement
(ID1), which compares the integrals of sensitivity and speci-
ficity under 2 models. A two-sided P < 0.05 was defined as
statistically significant.

RESULTS
Clinical characteristics

Among the 594 hypertensive patients who were success-
fully followed in our study, 4 patients with unsatisfactory
blood sampling of des-acyl ghrelin were excluded from this
analysis. Thus, 590 patients were included in the final analy-
sis (Table 1).

Associations of biomarkers with various clinical parameters

Associations of des-acyl ghrelin, HMW adiponectin, hs-
CRP, and PAI-1 levels with various clinical parameters at
baseline are shown in Supplementary Table S1. The des-acyl
ghrelin levels were positively associated with the circulating

NOx levels (r = 0.16) and inversely associated with [CA-IMT
(r = =0.12; both P < 0.01); these associations remained sig-
nificant even after adjustments for age, sex, and body mass
index (both P < 0.05).

Associations of biomarkers with CVD events

The baseline clinical characteristics of patients by clinical
CVD events are shown in Table 1. During an average dura-
tion of 2.8§+0.7 years (1,653 person-years), 42 CVD events
occurred (25.4 events/1,000 person-years); these include 13
coronary artery disease events, 16 strokes (ischemic = 14;
hemorrhagic = 2), 9 congestive heart failure events, and 4
sudden deaths. Patients with CVD events had lower des-acyl
ghrelin levels than those without such events. Other bio-
markers showed no significant differences between patients
with and without CVD events. Although there was a base-
line difference in high-density lipoprotein between groups,
after adjustment for covariables, the difference was no longer
significant (P = 0.09).

Table 2 shows the adjusted HR for CVD events for a 1-SD
change in log des-acyl ghrelin and other biomarkers after
adjusting for age, current smoking, 24-hour SBP, preexist-
ing CVD, and log ICA-IMT. Improvement in C statistics in
the model with and without biomarkers is also shown. The
1-8D change in log des-acyl ghrelin but not in other bio-
markers was associated with increased risk for CVD events
(HR = 1.8; 95% CI = 1.3-2.4; P < 0.001). When we ana-
lyzed the CVD risk of low des-acyl ghrelin among palients
without preexisting CVD at baseline (n = 531), the conclu-
sions remained unchanged (HR = 1.7; 95% CI = 1.2-2.5;
P = 0.002). Moreover, CVD risk associated with low des-
acyl ghrelin remained significant even after further adjust-
ments for any 1 of the following variables: sex, body mass
index, physical activity, use of statin or all classes of anti-
hypertensive medication, 24-hour pulse pressure, glucose
and lipid variables, and serum NOx levels (data not shown).
Penalized cubic spline demonstrated a graded increase in the
risk of CVD events with decreasing des-acyl ghrelin levels
(Figure 1).

The C statistics for the reference model (including age,
current smoking, 24-hour SBP, preexisting CVD, and log
ICA-IMT) was 0.683, which showed a tendency toward
improvement with addition of log des-acyl ghrelin levels (€
statistics = 0.721; P for improvement = 0.22). Table 3 shows
the cross-tabulation between predicted risk obtained using
a reference model with and without log des-acyl ghrelin in
patients who experienced CVD) events and those who did not.
The overall NRI was 20.5% for des-acyl ghrelin (P = 0.03).
The estimated IDI was 0.04 and was significant (P < 0.001).
For HMW adiponectin, hs-CRP, and PAI-1, the overall NRI
was small (0%-3%) and nonsignificant (P = 0.52-1.00), and
the IDI was also nonsignificant (P = 0.20-0.84).

DISCUSSION

In this prospective study with older hypertensive patients,
we have demonstrated for the first time that the circulatory
levels of des-acyl ghrelin, rather than those of HMW adi-
ponectin, PAI-1, or hs-CRP, improved CVD risk prediction
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Variables with skewed distributions are expressed as median (interquartile range). All other data are expressed as means

Table 1. Baseline clinical characteristics of the study population according to the occurrence of cardiovascular disease events
All subjects (n = 590) CVD events {~) (n = 548) CVD events (+) (n = 42) P value
Patient characteristics
Age, years 72.9+8.2 72.6+8.3 76.5£7.3 0.003
Male, % 41.0 409 42.9 0.87
Body mass index, kg/m? 24.5+£3.5 24535 25.5£3.5 0.08
Current smoker, % 8.3 7.7 16.7 0.049
Daily drinker, % 27.6 274 31.0 0.72
eGFR, mli/min/1.73 m? 68.8+18.7 69.5+18.6 60.3+£18.0 0.002
Comorbidity
Type 2 diabetes, % 16.8 16.8 16.7 1.00
Use of statin, % 18.8 19.2 14.3 0.54
Preexisting CVD, % 10.0 8.6 28.6 <0.001
Antihypertensive medication, % 78.8 85.7 0.33
Duration of antihypertensive 7.0 (1.0-15.0) 0 (1.0-15.0) 9.5 (3.8-20.0) 0.12
medication, years
Number of antihypertensive drugs, no. 1.0 (1.0-2.0) 1.0 (1.0-2.0) 2.0 (1.0-3.0) 0.03
Calcium-channel blockers, % 58.1 57.3 69.0 0.15
ACE inhibitars, % 12.0 12.4 7.1 0.35
Angiotensin receptor blockers, % 44.9 44.0 57.1 0.1
Diuretics, % 19.3 18.6 28.6 0.15
Alpha-blockers, % 2.7 24 7.1 0.10
Beta-blockers, % 6.3 8.2 7.1 1.00
24-hour BP measurements
24-hour SBP/ DBP, mm Hg 134/77 £15/8 133177+ 14/8 137/77£18/8 0.11/0.97
24-hour PP, mm Hg 57+ 11 57+10 6113 0.03
24-hour PR, bpm 677 677 6617 0.35
Laboratory data
Fasting glucose, mg/d! 98.0 (92.0-110.0) 98.0 (92.0-110.0) 98.0 (92.8-112.3) 0.71
Triglycerides, mg/dl 94.0 (71.0-128.3) 94.0 (71.0-130.0) 95.0 (71.6-122.3) 0.64
High-density lipoprotein, mg/dl 55.0 (45.8~65.0) 55.0 (46.0-66.0) 49.0 (43.0-55.5) 0.002
Low-density lipoprotein, mg/di 111.0 (93.0-130.0) 111.0 (93.0-129.8) 116.0 (91.0-140.3) 0.38
High-sensitivity C-reactive 0.52 (0.26-1.07) 0.51 (0.26-1.07) 0.59 (0.36—1.12) 0.22
protein, mg/L
Plasminogen activator inhibitor-1, ng/ml 27.0 (19.0-39.0) 27.0 (19.0~39.0) 30.0 (22.0-43.0) 0.22
High-molecular-weight 6.8 (4.2-10.3) 6.6 {(4.1-10.3) 7.9 (5.7-11.0) 0.06
adiponectin, pg/ml
Des-acyl ghrelin, fmol/mi 112.4 (68.3-169.3) 114.7 (70.8~171.7) 78.2 (43.7-116.9) <(.001
NOx, pmol/L 35.0 (23.0-57.3) 35.0 (23.0-58.0) 32.0 (22.5-51.5) 0.37
Target-organ damage
CCA-IMT, mm 0.9 (0.8-1.0) 9(0.8-1.0) 1.0 (0.8-1.1) 0.02
ICA-IMT, mm 1(0.89-1.4) 1.1 (0.9-1.4) 1.4 (1.1-1.7) <0.001
+ SD unless

otherwise noted. P values were calculated by unpaired f test, ¥? test, or Mann—Whitney U test (variables with skewed distributions). Statistical

significance was defined as P < 0.05.

Abbreviations: ACE, angiotensin-converting enzyme; BP, blood pressure; CCA, common-carotid artery; CVD, cardiovascular disease; DBP,
diastolic blood pressure; eGFR, estimated glomerular filtration rate; ICA, internal-carotid artery; IMT, intima-media thickness; NO, nitric oxide;
PP, pulse pressure; PR, pulse rate; SBP, systolic blood pressure.
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Table 2. Model fit, hazard ratio, and C statistics for cardiovascular disease events (n = 530)

Variable -2 log likelihood P value HR (95% CI) P value C statistics (95% CI) P value
Reference model 485.0 — — — 0.683 (0.557-0.809) —
Reference model 4711 <0.001 1.8 (1.3-2.4) <0.001 0.721 (0.586-0.855) 0.22
+des-acyl ghrelin

Reference model + 483.7 0.26 1.2 (0.8-1.7) 0.27 0.684 (0.557-0.811) 0.55
HMW adiponectin

Reference model + 485.0 1.00 1.0 (0.7-1.4) 1.00 0.660 (0.531-0.789) 0.01
hs-CRP

Reference model + 484.8 0.63 1.1(0.8-1.5) 0.63 0.679 (0.553-0.806) 0.74
PAI-1

The likelihood ratio test was used to evaluate the goodness-of-fit of predictive models. Adjusted hazard ratios (HRs) and 95% confidence
intervals (Cls) for cardiovascular disease (CVD) events for a 1-SD change in log des-acyl ghrelin (-1 SD) and other biomarkers (+ 1 SD) are
shown. All models were adjusted by age, current smoking, estimated glomerular filtration rate, preexisting CVD, 24-hour systalic blood pressure,
log internal-carotid artery—intima~-media thickness. One-SD change in log des-acyl ghrelin (-1 SD) and other biomarkers (+ 1 SD) were as fol-
lows: log des-acyl ghrelin = -0.31; log high-molecular-weight (HMW) adiponectin = 0.28; log high-sensitivity C-reactive protein (hs-CRP) = 0.51;
log plasminogen activator inhibitor 1 (PAI-1) = 0.24. Significance was defined as P < 0.05,

e =

Adjusted HRs for CVD events

Des-acyl ghrelin, fmol/ml

Figure 1. Association of des-acyl ghrelin and cardiovascular (CVD)
events, The regression spline curve based on the Cox regression model
(adjusted by age, current smoking, 24-hour systolic blood pressure, pre-
existing CVD, and log internal-carotid artery-intima-media thickness) is
used to examine the association of des-acyl ghrelin with CVD events. The
adjusted hazard ratios (HRs) for CVD events in relation to des-acyl ghrelin
as function of the penalized regression spline are shown. Reference is
defined as des-acyl ghrelin of 112fmol/mL (median). Solid line indicates
HRs, and dashed line indicates 95% confidence intervals.

beyond several risk factors. The addition of des-acyl ghrelin
to a risk model (including age, current smoking, 24-hour
SBP, preexisting CVD, and ICA-IMT) improved the risk
classification, with an NRI value of 20.5%, suggesting that
the results were not only statistically significant but clinically
meaningful®? An improvement in the C statistics with the
addition of des-acyl ghrelin did not reach statistical signifi-
cance; this can be explained by the property of C statistics:
they hardly move when a few good risk factors are included

in the model and consequently require a large HR to achieve
statistical significance.»? To account for the short follow-up
period (mean = 2.8 years), the assessment of des-acyl ghrelin
in older hypertensive patients may be useful for identifying
patients who are likely to develop CVD events in the relatively
near future. Despite our in-depth analysis and suggestion
for a predictive ability of des-acyl ghrelin beyond clinically
appreciable markers, further detailed studies, including an
examination of cost effectiveness, are warranted.

Several experimental and clinical studies have demon-
strated the respective abilities of ghrelin and/or des-acyl
ghrelin to exert beneficial effects on the cardiovascular
system.>? The previous experimental data suggested that
ghrelin administration in vivo and in vitro inhibits proin-
flammatory responses and nuclear factor-xB activation in
human endothelial cells, monocytes, and T cells.* Of par-
ticular interest are the results of studies demonstrating the
widespread expression of receptors shared by both ghrelin
and des-acyl ghrelin in human endothelial cells and vascu-
lar smooth cells, and the administration of ghrelin as well as
des-acyl ghrelin in humans in vivo can lead to an improve-
ment of endothelial dysfunction through increases in NO
bioavailability within the vasculature.>7 NO possesses some
antiatherogenic and plaque-stabilizing properties, such as
regulation of vascular tone and arterial wall stress, protec-
tion of oxidative stress, and inhibition of leukocyte and plate-
let adhesion.** In this study, a positive association between
circulating des-acyl ghrelin and NOx levels was observed.
However, the relationship was weak (r = 0.16), and the NOx
level in the blood depends not only on NO production/
endothelial function but also other factors such as nitrate/
nitrite intake and renal function. Thus, the interpretation of
this relationship needs further attention.

We found that an association of low des-acyl ghrelin with
CVD events was independent of serum NOx levels. Other
mechanisms that were left unmeasured in this analysis, such
as psychological stress and sympathetic nervous system sta-
tus, both of which could be aftected by ghrelin,®** may also
partly account for this association. Because this study was a
hypothesis-generating survey, our results remain suggestive
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Table 3. Change in risk stratification by des-acyl ghrelin for
cardiovascular disease events (n = 590)

Reference model +

» Ii
Reference model, des-acyl ghrelin

predicted risk <10 %

210 % to <20% 220% Total

Participants who experienced CVD events

<10 % 16 6 1 23
210 % to < 20% 2 3 4 9
220 % 0 0 10 10
Total 18 °] 15 42
Participants wha did not experience a CVD event
<10 % 421 29 4 454
210 % to < 20% 29 25 14 68
220 % 2 1 13 26
Total 452 65 31 548

Reclassification tables are separated for cases (top) and non-
cases (bottom), with rows indicating the risk categories based on the
reference model (age, current smoking, estimated glomerular filtra-
tion rate, preexisting cardiovascular disease (CVD), 24-hour systolic
blood pressure, log internal-carotid artery—intima-media thickness)
without des-acyl ghrelin and columns indicating the new risk stratifi-
cation after the addition of des-acyl ghrelin to the basic model. The
cells give the number of subjects reclassified by predicted risk.

and speculative. Further studies to elucidate the pathogenic
mechanism underlying the association between des-acyl
ghrelin with CVD events might help to clarify the clinical
values of circulating des-acyl ghrelin levels.

The HMW adiponectin, PAI-1, and hs-CRP levels were
not associated with an increased risk of CVD) events in this
study. The role of some biomarkers diminish with advanc-
ing age.'*? Recent studies conducted in older populations
demonstrated that, as opposed to the indings (rom younger
cohorts, high adiponectin levels were associated with CVD
morbidity and mortality.?”*® The predictive value of hs-CRP
has also been shown to decrease in older populations.#¥
Because circulating levels of adiponectin, hs-CRP, and PAI-]
are easily influenced by the amount of adiposity,®! their
interpretation in older persons may be confounded by the
existence of the obesity paradox.'*** Specifically, high adi-
ponectin levels in older persons are a consequence of wasting
or frailty with aging.* A statistically siguificant reduction of
the C statistics with the addition of hs-CRP to the reference
model was observed. This reduction might be due to the
existence of confounders, but the exact mechanism remains
uncertain and is worth of further investigations.

Circulating ghrelin levels can reflect individual short- and
long-term energy homeostasis,'™ which may be one of the
reasons why des-acyl ghrelin rather than HMW adiponec-
tin, PAI-1, and hs-CRP was associated with poor outcomes
in this older population. The small number of participants,
short-term follow-up period, and ongoing medical ther-
apy—in particular the administration of antihypertensive
drugs that can influence the circulating levels of HMW adi-
ponectin, hs-CRP, and PAI-1***—may have resulted in an

732 American Journal ony}Jertehsion 27(5) May 2014

underestimation of the strength of the associations between
these biomarkers and CVD events. It will be important to
duplicate these results in other longitudinal studies.

This study, although presenting novel data, has limitations.
Because of a low event rate, we could not evaluate groups of
CVD events separately and could not determine the appro-
priate cutoff values of des-acyl ghrelin for predicting CVD
events. This limitation should be addressed using a longer
follow-up period of this study or larger database in future
studies. Second, our results cannot be applied to a younger
cohort or other ethnicities. Lastly, we issue a cautionary note
regarding the interpretation of NRI findings in the absence
of an accepted risk grouping.

‘We conclude that this study provides novel data to suggest
the clinical value of circulating des-acyl ghrelin because it
might be a useful independent predictor of CVD events in
older hypertensive patients. Further research is required to
determine whether assessing circulating des-acyl ghrelin in
older hypertensive patients improves clinical outcomes.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).
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Ghrehn is a 28-amino-acid peptide that was lsolated from the stomaoh -

in 1999, and discovered as the endogenous Irgand of growth hormone «
secretagogue receptor. Ghrelin induces a positive energy baianoe“
and weight gain by stimulating food intake through GH:- tndependent !
mechanisms. Peripherally and centrally admxnlstered ghrelrn rnduoes
appetite and increases food intake. Ghrelin strmulates appetrte by
peripheral pathway via the vagus nerve and rt is the only. known peptide
that transmits a starva‘rron srgna! from a perrpherai organ to the Cen‘rral
nervous system In hypothalamus ghrelin aot vates the arcuate nuoleus
and orexrgenro pep’rrdes (neuropeptrdes Y and agoutr related peptrde)
are produced in the nucleus. Clrnroa app!roatrons of ghrenn have been '
investigated in obesity, anorexia nervosa, cachexia, and sarcopenra.
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