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Additive Interaction of Metabolic Syndrome
and Chronic Kidney Disease on Cardiac Hypertrophy,
and Risk of Cardiovascular Disease in Hypertension

Yoshio Iwashima', Takeshi Horio!, Kei Kamide?, Takeshi Tokudome3, Fumiki Yoshihara', Satoko Nakamura',

Toshio Ogihara?, Hiromi Rakugi® and Yuhei Kawano'

BACKGROUND

Recent epidemiologic analyses have demonstrated a link between
the metabolic syndrome (MetS) and chronic kidney disease (CKD).
We examined the association between MetS, CKD, and left ventricular
hypertrophy (LVH), and prospectively investigated the predictive
value of the combination of MetS and CKD for cardiovascular disease
(CVD) in essential hypertension.

METHODS

Atotal of 1,160 essential hypertensive patients (mean age 63 years,
53% male) underwent clinical evaluation, laboratory testing,

and Doppler echocardiography, and were monitored for a mean
follow-up of 4.8 years.

RESULTS

At baseline, total subjects were divided into four groups according

to the presence/absence of MetS and/or CKD, and, compared to the
group without MetS and CKD (MetS™/CKD™); those with MetS and
CKD (MetS*/CKD™) had a multivariate-adjusted odds ratio of 2.40
(95% confidence interval (Cl) 1.66-3.48) for LVH. During the follow-up

Hypertension is a common risk factor for cardiovascular
disease (CVD), and the cardiovascular prognosis in patients
with hypertension depends not only on the level of blood pres-
sure (BP), but also on the presence of associated risk factors. In
the past few years, there has been growing attention to a condi-
tion known as the metabolic syndrome (MetS),! which is char-
acterized by a cluster of atherosclerotic risk factors, including
obesity, hypertension, insulin resistance, and dyslipidemia, as
well as chronic kidney disease (CKD).2 Individuals with MetS
or CKD are at increased risk of CVD as well as death from
CVD and all causes.38 Furthermore, recent epidemiologic
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period, 172 subjects developed CVD. Multiple Cox regression analysis
including LV mass index (LVMI) showed that the presence of MetS as
well as that of CKD were each independent predictors of CVD (hazard
ratio 1.90 for MetS, 1.82 for CKD). We then divided the total subjects
into four groups, and found that, compared to the MetS™/CKD™
group, multivariate-adjusted HR for the MetS*/CKD* group was 3.58
(95% C12.14-5.95).

CONCLUSIONS

Our findings suggest that, in essential hypertension, the combination
of MetS and CKD is a strong risk for LVH as well as a strong and
independent predictor of subsequent CVD. These findings highlight
the clinicalimportance of the concomitance of MetS and CKD in
essential hypertension.

Keywords: blood pressure; cardiovascular disease; chronic kidney
disease; hypertension; left ventricular hypertrophy; metabolic syndrome;
risk factor
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analyses have demonstrated a link between MetS and CKD.>!1
However, whether the concomitance of MetS and CKD
contributes to the development of CVD is unknown.

Echocardiography is a well-established procedure to
diagnose increased left ventricular (LV) mass, and its presence
is thought to increase CVD risk through a series of unfavora-
ble metabolic, functional, and structural cardiac changes.!2"4
The assessment of LV geometry in addition to LV hypertrophy
(LVH) is important for evaluation of the peculiar hemody-
namic pattern such as a combination of pressure and volume
stimuli, contractile efficiency, and prognosis.!> Insulin resist-
ance, oxidative stress, and inflammation have been implicated
in the pathogenesis of MetS and CKD, which also have been
shown to be associated with LVH. Increased LV mass has been
shown to be associated with MetS and CKD;'¢-2% however, we
could not find any previous studies examining the hypothesis
that the combination of MetS and CKD may be a strong risk
for LVH.

The influence of increased LV mass on the associa-
tion of MetS and/or CKD with CVD is also unknown. The
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association between MetS or CKD and increased CVD could
be mediated through increased LV mass, and this may be one
of the pathways linking MetS and CKD to CVD. Therefore,
in this study, we investigated the potential interrelation-
ship between MetS, CKD, and the risk of LVH in essential
hypertensive subjects. Furthermore, we also examined pro-
spectively whether MetS and CKD interact to substantially
increase the risk of CVD in hypertension. Moreover, we
additionally examined whether this association would be
independent of LV mass.

METHODS

Study subjects. This study enrolled essential hypertensive
patients in normal sinus rhythm, who had good-quality
echocardiographic recordings, and monitored them for a
mean follow-up of 4.8 + 2.7 years. In our laboratory (the
National Cardiovascular Center in Osaka, Japan), all hyper-
tensive patients attended the echocardiography laboratory, and
echocardiographic data were routinely collected consecutively.
From 1,263 patients at the time of the baseline examination,
we excluded patients with missing data of MetS or CKD com-
ponents (n = 77) and patients receiving regular hemodialysis
therapy (n = 26), leaving 1,160 patients (545 women) for this
analysis. Exclusion criteria included acute coronary syndrome,
congestive heart failure (CHF) (New York Heart Association
class II or greater), secondary hypertension, moderate or
severe aortic or mitral regurgitation, heart rate >100bpm,
and low ejection fraction (<45%). All procedures in this study
were carried out in accordance with institutional and national
ethical guidelines for human studies. All participants enrolled
in this study were Japanese, and all gave informed consent to
participate.

Baseline clinical characteristics. Hypertension was defined
as systolic BP 2140mmHg or diastolic BP >90mmHg on
repeated measurements, or receiving antihypertensive treat-
ment. Diabetes mellitus was defined according to the American
Diabetes Association criteria.?! Smoking status was determined
by interview, and defined as never-smoker, past-smoker (those
with a history of habitual smoking but had quit), and current-
smoker. Previous CVD was defined as a history of myocardial
infarction, CHEF, or stroke.

After fasting overnight, BP was measured with an appro-
priate arm cuff and a mercury column sphygmomanometer
on the left arm after a resting period of at least 10 min in the
supine position. After BP measurement, venous blood and
urine sampling from all subjects was performed. Height and
body weight were measured, and body mass index (BMI) was
calculated. The following parameters were also determined:
triglycerides, high-density lipoprotein cholesterol, C-reactive
protein (CRP), and creatinine.

Definition of MetS and CKD. MetS was defined according to
the guidelines of the National Cholesterol Education Program
Third Adult Treatment Panel with modification for body
size.!

Risk Factors for Cardiovascular Disease

In this study, all patients were hypertensive and thus, partici-
pants had MetS if they fulfilled two or more of the following.

1. Elevated BMI (in lieu of waist measurement, which was
not available in our database). The frequency of BMI
>30kg/m? is 2-3% in Japan and 20-30% in Western
countries.??~24 Because of the differences in BMI between
Japanese and Western populations, values 225 kg/m? were
considered elevated (in contrast to 230kg/m? in Western
populations) according to the criteria of the Japan Society
for the Study of Obesity.?22°

2.Elevated triglycerides (=150 mg/dl).

3.Low high-density lipoprotein cholesterol (<40mg/dl in
men, <50 mg/dl in women).

4. Impaired fasting glucose (fasting plasma glucose =110 mg/
dl and/or a history of diabetes).

The estimated glomerular filtration rate (eGFR) was
calculated using the abbreviated Modification of Diet in
Renal Disease formula in ml/min. CKD and its stages were
defined according to the guidelines of the National Kidney
Foundation classification of CKD,? which defines from
eGFR of <60ml/min/1.73m? or dipstick proteinuria (>1+)
as follows: eGFR >90ml/min/1.73m? without proteinuria
(high BP), eGFR 60-89ml/min/1.73m? without proteinuria
(high BP with reduced GFR), eGFR >90 ml/min/1.73 m? with
proteinuria (stage 1), eGFR 60-89 ml/min/1.73 m? with pro-
teinuria (stage 2), and stages 3-5 were classified according to
the level of kidney function (eGFR 30-59, 15-29, and <15ml/
min/1.73 m?, respectively), regardless of the presence of other
markers of kidney damage.? Subjects were diagnosed with
CKD if they were classified as CKD stage 1-5.

Echocardiographic methods and calculation of derived
variables. Phased-array echocardiography with M-mode,
two-dimensional, pulsed, and color-flow Doppler capabili-
ties was performed in all study participants, as previously
described 2627 Estimates of LV mass were calculated according
to the American Society of Echocardiography criteria®8 applied
to the formula of Devereux et al.2? LV mass index (LVMI) was
calculated by dividing LV mass by body surface area. LVH
was defined as LVMI >125g/m? for men and >110g/m? for
women.3? Relative wall thickness (RWT) was calculated as
(interventricular septal + posterior wall thickness)/LV inter-
nal diameter.3! Concentric remodeling was defined as normal
LVMI with RWT >0.45 (ref. 31). Eccentric hypertrophy was
defined as LVH with RWT <0.45. Concentric hypertrophy
was defined as LVH with RWT >0.45 (ref. 32). LV filling was
assessed by recording mitral flow by a standard pulsed Doppler
technique, and the following parameters were considered: the
ratio of peak early-to-late diastolic filling velocity (E/A ratio)
and the deceleration time of early diastolic LV filling.

Clinical end points. For survival analysis, observation began
on the date of echocardiography, with verified dates updated
through October 2007. All of the subjects were followed at
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the National Cardiovascular Center in Osaka and treated by
implementation of standard lifestyle and pharmacological
measures. CVD events of interest in this study were acute
myocardial infarction, stroke, aortic dissection, CHF requiring
hospitalization, and cardiovascular death. The occurrence of
myocardial infarction was confirmed if symptoms met the cri-
teria of the World Health Organization and if the event was
associated with abnormal levels of cardiac enzymes and diag-
nostic electrocardiographic criteria. Stroke was confirmed if
the participant had a new neurologic deficit that persisted for
>24h. Computed tomographic scans or magnetic resonance
images were available for all the events and were used to dis-
tinguish hemorrhagic from ischemic events. Aortic dissection
was defined as any nontraumatic dissection when a partici-
pant was admitted to hospital with a dissection that required
intervention, and diagnosis was based on confirmatory imag-
ing, intraoperative visualization, or autopsy. CHF was defined
by the Framingham Heart Study criteria, which require the
simultaneous presence of at least two major criteria, or one
major criterion in conjunction with two minor criteria, and
requiring treatment with a diuretic, vasodilator, or antihy-
pertensive drug. The cause of death was classified as CVD
if there was sudden death from CVD. All CVD events were
determined by an independent review panel of physicians who
were unaware of the echocardiographic and clinical findings.
Events that were more equivocal, such as unrecognized myo-
cardial infarction, were not included as CVD for this analysis.
Furthermore, patients with clinical evidence of pneumonia or
uremia were excluded. For patients who experienced multiple
nonfatal episodes of CVD, the analysis included only the first
event.

Statistical analysis. Statistical analyses were performed with
SPSS, version 15.0 (SPSS, Chicago, IL). Data are presented as
mean + s.d. for continuous variables and as proportions for
categorical variables. First, we divided the participants into
four groups according to the presence/absence of MetS and/
or CKD. Differences in baseline characteristics among the
four groups were determined by one-way analysis of vari-
ance (ANOVA) with Dunnett’s multiple comparison post-test
for continuous variables, and x? test for categorical variables.
Because of the right skew in CRP distribution, levels of CRP
were log-transformed to examine the significance of any dif-
ference between groups. The number of subjects in whom CRP
was measured was small (n = 997) compared with the total
number of study subjects. Therefore, CRP was not included in
the following analysis.

We used logistic regression analysis to determine the odds
ratio (OR) of LVH as a function of MetS or CKD. In multi-
variate models, we entered both MetS and CKD into the same
model, and included variables that might confound the rela-
tion between LVH and MetS or CKD: age, sex, duration of
hypertension, systolic BP, smoking status, previous CVD, and
receiving antihypertensive medication. We next divided the
subjects into four groups according to the presence/absence of
MetS and/or CKD, and the relative ORs of LVH were assessed
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in crude, age- and sex-adjusted, and multivariate regression
models (adjusting for the same variables as listed above).
Relative ORs were calculated using the MetS™/CKD™ group as
areference for each.

Survival analysis was performed using cumulative event-
free Kaplan-Meier curves according to the presence/absence
of MetS or CKD, and the groups were compared by Mantel
log-rank test. Cox proportional hazard analysis was used to
examine the association between variables and the cumula-
tive incidence of CVD in crude and multivariate models. In
multivariate models, both MetS and CKD were entered into
the same model after accounting for relevant variables, using
a P value of <0.05 as the selection criterion. These effects were
measured by the hazard ratio (HR) and 95% confidence inter-
val (CI) based on Cox regression models.

We then evaluated the joint associations of MetS and CKD
with incident CVD by dividing the subjects into four groups
according to the presence/absence of MetS and/or CKD.
Event-free survival analysis was performed using the Kaplan-
Meier method to plot the cumulative incidence of CVD.
The relative risk of CVD events in Cox proportional hazard
analysis was assessed in crude and multivariate models, and
the cumulative incidence of CVD was calculated using the
MetS~/CKD™ group as a reference for each. In these analyses,
HRs of CVD were calculated using the whole participants or
excluding subjects with previous CVD and/or diabetes from
the analysis. A P value <0.05 was considered to be statistically
significant.

RESULTS

Characteristics of study subjects

The baseline clinical and biochemical characteristics of the
study subjects are shown in Table 1. Their mean age was 63.3 =
11.2 years, and 53.0% were men. Overall, 42.4% had MetS, and
50.6% had CKD. We first divided the subjects into four groups
according to the presence/absence of MetS and/or CKD. As
a result, the total subjects were divided into four groups as
follows; no MetS and no CKD (MetS™/CKD™), MetS without
CKD (MetS*/CKD"), CKD without MetS (MetS™/CKD™), and
MetS and CKD (MetS*/CKD?*). As shown in Table 1, com-
pared with the MetS™/CKD™ group, the MetS*/CKD™ group
showed an increased risk of cardiovascular morbidity, such as
significantly longer duration of hypertension, higher preva-
lence of previous CVD, diabetes, and current-smoking, higher
age, BM], systolic BP, fasting glucose, and CRP, worse dyslipi-
demia, and lower eGFR. In addition, the MetS*/CKD™" group
showed a significantly longer duration of hypertension, lower
eGFR, and higher CRP than the MetS*/CKD™ group, and a
significantly higher prevalence of diabetes, higher BMI, fast-
ing glucose, and CRP, and worse dyslipidemia than the MetS™/
CKD* group.

Relations of MetS and CKD to LVH

The baseline echocardiographic characteristics of the study
subjects are shown in Table 2. At baseline, 58.3% of the
total subjects were found to have LVH. Univariate logistic

3
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Table 1| Baseline clinical characteristics of study subjects

Variables Total MetS~/CKD~

n 1,160 344

Age, years 633+11.2 61.4+11.4%
Male, % 53.0 46.5%
Duration of 162+10.9 143+103%
hypertension, years

Previous CVD, % 25.5 15.7%
Diabetes, % 25.0 6.4t
Smoking status, % 50.9/28.6/20.4 62.51/21.2%*/16.3"
(never/past/current)

BMI, kg/m? 242+34 2344271
Systolic BB, mmHg 14521156 1458+ 14.61
Diastolic BP, mmHg 8161106 83.61 10.9%**1F
Pulse rate, bpm 66.6+8.2 67.1+85
Triglycerides, mg/dl 138+£90 105+48*
HDL-cholesterol, mg/d| 49.88+15.08 57.62+ 143141
Fasting glucose, mg/dl 102+24 97415t

eGFR, ml/min/1.73 m? 64.4+313 82,0+ 18.1%¢%*

CRP (mg/I), median (IQR),
n=997

MetS components, %

0.70(0.30-1.80)

0.50(0.30-1.00)"*

Obesity 36.1 19.2F
Elevated triglycerides 31.9 9.0t
Low HDL-cholesterol 40.1 12.2%
Impaired fasting 314 11.9"
glucose
CKD stages
High blood pressure 153 26.2¢
High blood pressure 353 73.8%
with reduced GFR
Stages 1and 2 9.5 o*
Stage 3 234 0¥
Stages4and 5 16.6 ot
Antihypertensive medication, %
Calcium-channel 68.2 54.11#
blockers
{3-Blockers 30.1 244
ACE inhibitors or ARB 35.1 30.8
Diuretics 18.1 10.2%
No.of CVDevents 172 21 ¥t

Risk Factors for Cardiovascular Disease

MetS*/CKD™ MetS~/CKD* MetS*/CKD*
243 324 249
60.4+10.3* 66.5+10.9%%1 64.6+10.7%%1
59.3%* 50.3 59.4%*
15.8+10.8 16.4+11.1% 18.8+ 11,1+ h1t
226't 31.8Hwwnx 33,7%kmnx
3g.3%04 12.0" 54.6%**
39.9*%%/31,3%/28.8%*+ 53.9t/28.8/17.3% 42.2/35.7%%/22.1
26.8+3.2%%4 223£2.7%%t 25.4+3.2%%4
140.9+ 13.4%%+ 148.0+17.8* 147.8+17.%
81.4+9.4* 80.9+10.7* 80.3+£10.9*
66.2+7.8 66.4+8.4 66.4+7.8
178+ 124%%* 105 + 441 187 £103***
42,15+ 10.05%%* 54.91+15.08%" 39.83+11.60*%*

1134 30%*# 94+19t 108 £ 27%* st
87.1122.8%% 44.3+25 4%%1 44,0+30.2%%t

1.00(0.31-2.00)**

0.70(0.28-1.70)**

1.20 (0.30-2.50)*¥xxtt

72.4**’* 1 2_0T 5 5‘4**,1.1:
58.9%+* 10.5% 65.1%%+
67.9%%F 19.4% 78.3%% 4kt
50.24# 1517 61.0%014
35.8% oxxt oxet
64.2% ot oxxt

0¥ 17.0%t 22,1
0¥ 52.5%%f 40.6*xt#
o 30.5%xt 37.3#% 1t
68.3** 71.0%* g3.9%x 14
321 315 34.1%
325 343 44, 6*xentt
10.3* 25341 57,36t
33* 53%* go*tE

Values are mean +s.d. or frequency (%). IQRis 25th to 75th percentile.

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; CRP, C-reactive protein;
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL-cholesterol, high-density lipoprotein cholesterol; MetS, metabolic syndrome.
*P<0.05and **P < 0.01 vs.MetS/CKD~. ***P < 0.05and 'P < 0.01 vs. MetS~/CKD~.''P < 0.05 and *P < 0.01 vs. MetS/CKD".

regression analysis found that the presence of MetS as well
as CKD was each associated with an increased risk of LVH
(MetS: OR 1.54, 95% CI 1.21-1.95; CKD: OR 1.83, 95% CI
1.44-2.31, P < 0.01, respectively). When MetS and CKD were
entered into the same model, the results of multivariate logis-
tic regression analysis showed that MetS as well as CKD was

each an independent risk for LVH (MetS: adjusted-OR 1.58,
95% CI 1.22-2.05; CKD: adjusted-OR 1.52, 95% CI 1.18-1.96,
P <0.01, respectively).

We then divided the total subjects into four groups,
and found that echocardiographic characteristics also
differed between the groups, with the MetS*/CKD* group

AMERICAN JOURNAL OF HYPERTENSION
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Table 2 | Echocardiographic characteristics of study subjects according to presence/absence of MetS and/or CKD

Variables Total MetS~/CKD~
% Fractional shortening, % 41.2+69 41.8+6.7
LV mass index, g/m?
Male 138.4+38.1 122.1+£26.0%*4
Female 120.8+33.2 111.8 124, 5%t
LV hypertrophy, % 58.3 46.2%%%F
Relative wall thickness 0.48+0.09 0.46 £0.08*
LV geometric patterns, %
Normal geometry 214 30.210Ht
Concentric remodeling 204 23.6
Eccentric hypertrophy 17.9 15.7
Concentric hypertrophy 403 30.5M
E/Aratio 0.85+0.25 0.91+0.28*
DcT, ms 229.7+51.8 221.7+46.9

Values are mean = s.d. or frequency (in %).

MetS*/CKD™ MetS~/CKD* MetS*/CKD™*
416+7.0 408+6.8 403+7.2%
131.5429.4%% 148.4+43 4%t 150.2 +40.6**1
121.0+27.6* 120.0+33.9* 137.8+42.5%+ 14

57.5% 61.0%* 71.5%x 0t
0.48+0.08 0.48 +0.09** 0.50+0.09%*

17.9%* 21.0% 13.6%*

246 18.0 14.9%#%

19.2 19.5 18,5

383 41.5* 53,0%xttt
0.87+0.24 0.84+0.24** 0.80+0.24**1
225.3+47.8 2303+50.8 244 4+ 62.0%+ 11t

CKD, chronic kidney disease; DcT, deceleration time of early diastolic LV filling; E/A, ratio of peak early-to-late diastolic filling velocity; LV, left ventricular; MetS, metebolic syndrome.
*P < 005 and **P < 0.01 vs. MetS~/CKD~, ***P < 005 and 'P < 0.01 vs. Met5"/CKD", and 1P < 0.05 and TP < 0.01 vs. MetS~/CKD*.

Table 3 | Results of crude and multivariate logistic regression analysis relating MetS and CKD to LVH

MetS~/CKD~
Crude 1 (reference)
Age- and sex-adjusted 1 (reference)
Multivariate-adjusted?® 1 (reference)

Values are odds ratio (95% Cl).
CKD, chronic kidney disease; LVH, left ventricular hypertrophy; MetS, metabolic syndrome.

MetS*/CKD~
1.55(1.11-2.17)**
1.59 (1.14-2.22)**
1.58 (1.11-2.24)*

MetS~/CKD*
1.81(1.33-2.47)**
1.69(1.24-2.32)**
1.51(1.09-2.10)*

MetS*/CKD*
2.91(2.05-4.12)**
2.80(1.97-3.99)**
2.40 (1.66-3.48)**

apdjusted for age, sex, duration of hypertension, systolic B, smoking status, previous CVD, and receiving antihypertensive medication.

*P<005and **P <001 vs.MetS/CKD".

demonstrating significantly lower % fractional shortening
and E/A, higher LVMI and RWT, lower prevalence of normal
geometry, higher prevalence of concentric remodeling and
concentric hypertrophy, and longer deceleration time of early
diastolic LV filling than the MetS™/CKD™ group (Table 2). In
addition, the MetS*/CKD* group showed significantly longer
deceleration time of early diastolic LV filling than the MetS*/
CKD™ group as well as the MetS™/CKD* group. The preva-
lence of LVH also significantly differed among groups, with
the highest prevalence of LVH in the MetS*/CKD* group.
As shown in Table 3, concomitance of MetS and CKD was
significantly associated with increased odds ratios of LVH.
Multivariate analysis showed that the odds ratio of LVH was
2.4-fold higher in the MetS*/CKD*" group compared with the
MetS™/CKD~ group.

Predictive value of MetS and CKD for CVD

During a mean (s.d.) follow-up of 4.8 +2.7 years, 172 patients
(14.8%, 70 female) developed CVD. Specifically, there were 38
patients with nonfatal CHF, 65 with cerebral infarction, 14
with intracerebral hemorrhage, 3 with subarachnoid hemor-
rhage, 18 with myocardial infarction, 6 with aortic dissection,
and 28 patients died from CVD causes.

AMERICAN JOURNAL OF HYPERTENSION

MetS and CKD were both associated with incident CVD
events, with significance in log-rank tests of P < 0.001. A
univariate Cox proportional hazard model showed that
both MetS (HR 1.83, 95% CI 1.35-2.48, P < 0.01) and CKD
(HR 2.71, 95% CI 1.96-3.74, P < 0.01) were each significant
predictors of CVD events. Other variables in this study that sig-
nificantly predicted CVD events included age, sex, duration of
hypertension, previous CVD, smoking habit, systolic BP, LVMI
(Table 4), antihypertensive medication (HR 1.81 for yes, 95%
CI 1.07-3.07, P < 0.01), and LV geometry (concentric remod-
eling: HR 1.74, 95% CI 1.04-2.91, P < 0.05; eccentric hypertro-
phy: HR 1.22, 95% CI 0.69-2.14, NS; concentric hypertrophy:
HR 2.19, 95% CI 1.39-3.43, P < 0.01). When MetS and CKD
were entered into the same model, the results of multivariate
Cox regression analysis including age, sex, duration of hyper-
tension, previous CVD, smoking habit, systolic BP, LVMI,
and antihypertensive medications found that the presence of
MetS (HR 1.90, 95% CI 1.38-2.63, P < 0.01) as well as CKD
(HR 1.82, 95% CI 1.29-2.59, P < 0.01) was each an independ-
ent predictor of CVD events. Furthermore, adjustment for LV
geometry instead of LVMI did not meaningfully influence the
results (MetS: HR 1.82, 95% CI 1.32-2.50; CKD: HR 2.02, 95%
CI 1.43-2.84, P < 0.01, respectively).
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Table 4| Crude and multivariate-adjusted HRs of CVD events associated with MetS and CKD

Total subjects

Subjects without previous CVD and/or diabetes (n = 745)

Multivariate Multivariate
Crude adjusted? Plus LVMI Crude adjusted® Plus LVMI
Variables, unit of HR HR HR HR HR HR
increase (95%Cl) P (95% Cl) P (95% Cl) P (95%Cl) P (95%Cl) P (95%Cl) P
MetS and CKD
MetS~/CKD~ 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference)
MetS*/CKD™ 2.31 0.003 2.09 0.010 2.03 0.013 2.64 0.007 2.74 0.006 2.65 0.008
(1.34-4.00) (1.19-3.66) (1.16-3.57) (1.30-5.35) (1.34-5.62) (1.29-5.44)
MetS~/CKD* 3.32 <0.001 2.21 0.003 2.08 0.006 3.22 <0.001 240 0.009 2.31 0.013
(2.00-5.50) (1.31-3.71) (1.23-3.51) (1.69-6.15) (1.23-4.62) (1.19-4.46)
MetS*/CKD* 521 <0.001 3.85 <0.001 3.58 <0.001 5.25 <0.001 4.42 <0.001 4.16 <0.001
(3.19-8.53) (2.33-6.37) (2.16-5.95) (2.77-9.94) (2.32-8.42) (2.16-8.02)
Age, 1year 1.07 <0.001 1.06 <0.001 1.06 <0.001 1.08 <0.001 1.07 <0.001 1.07 <0.001
(1.05-1.09) (1.04-1.08) (1.04-1.08) (1.05-1.11) (1.05-1.10) (1.05-1.10)
Sex, male 171 0.001 1.28 0.25 1.19 043 1.13 0.57
(1.26-2.33) (0.84-1.95) (0.78-1.81) (0.74-1.72)
Duration of 1.02 0.001 1.01 0.45 1.00 0.56 1.02 0.08
hypertension, (1.01-1.04) (0.99-1.02) (0.99-1.02) (1.00-1.04)
1year
Previous CVD, 243 <0.001 1.69 0.010 1.67 0.002
yes (1.79-3.29) (1.23-2.33) (1.21-2.29)
Smoking status
Never 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference)
Past 1.76 0.001 1.27 0.29 1.27 0.28 1.34 0.25 1.20 047 1.18 0.53
(1.25-2.49) (0.82-1.96) (0.82-1.95) (0.81-2.21) (0.73-1.99) (0.71-1.95)
Current 1.81 0.002 1.69 0.029 1.58 0.06 1.69 0.049 1.63 0.08 1.53 0.13
(1.23-2.66) (1.06-2.71) (0.99-2.52) (1.00-2.86) (0.95-2.78) (0.89-2.65)
Systolic BR, 1.14 0.003 1.10 0.041 1.07 0.18 1.16 0.018 1.12 0.05 1.10 0.12
10mmHg (1.05-1.25) (1.00-1.21) (0.97-1.17) (1.03-1.30) (1.00-1.26) (0.98-1.25)
Pulse rate, 1.13 017 1.16 0.23
10 bpm (0.94-1.28) (0.89-1.36)
LVMI, 10 g/m2 1.09 <0.001 1.05 0.024 1.08 0.001 1.06 0.045
(1.05-1.12) (1.01-1.09) (1.03-1.13) (1.00-1.12)

Values are hazard ratio (95% Cl).
adjusted for age, sex, duration of hypertension, previous CVD, smoking status, and systolic BP. PAdjusted for age, smoking status, and systolic BP.
BP, blood pressure; Cl, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; HR, hazard ratio; LVMI, left ventricular mass index; MetS, metabolic syndrome.

Joint effect of MetS and CKD on CVD

To explore the combined effects of MetS and CKD, we divided
the total subjects into four groups on the basis of the presence
or absence of MetS and/or the presence or absence of CKD at
baseline. Life table analyses of CVD throughout the follow-up
period in the four groups are plotted in Figure 1. These curves
show significantly poorer survival in the MetS*/CKD* group.
Table 4 shows the results from a series of crude and multivari-
ate regression analysis, showing how the association of MetS
and CKD with CVD risk changed as groups of CVD risk fac-
tors were added to the regression model. In the crude model,
the risk for CVD was significantly higher in the MetS*/CKD*
group compared with the MetS™/CKD~ group (HR 5.21). The
relative risk in the MetS*/CKD* group remained highly signif-
icant in the multivariate model (HR 3.85). The further addition

of LVMI to the model reduced the relative risk in the MetS*/
CKD* group to 3.58. Furthermore, when compared with the
MetS*/CKD™ group or with the MetS™/CKD™ group, the risk
of CVD events was significantly higher in the MetS*/CKD*
group in univariate Cox regression analysis (vs. MetS*/CKD~
group: HR 2.26, 95% CI 1.48-3.43, P < 0.01; vs. MetS™/CKD™
group: HR 1.57, 95% CI 1.09-2.26, P = 0.01) and in multivari-
ate Cox regression analysis including LVMI (vs. MetS*/CKD~
group: HR 1.97, 95% CI 1.29-3.02; vs. MetS™/CKD* group:
HR 1.72,95% CI 1.18-2.51, P < 0.01 respectively).

We performed several additional analyses to address the
robustness of these findings. Because patients with previous
CVD and/or diabetes were more frequent in the MetS*/CKD*
group, we repeated our analysis for the 745 patients without
previous CVD and/or diabetes. In this analysis, 87 CVD events
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Figure 1| Kaplan-Meier plots showing cumulative CVD event-free survival in
subjects in four groups divided by presence or absence of MetS and presence
orabsence of CKD (log-rank x2 = 54.55; P < 0.001). CKD, chronic kidney
disease; CVD, cardiovascular disease; MetS, metabolic syndrome.

(11.7%, 47 female) occurred during the follow-up period. As
shown in Figure 2 and Table 4, the independent predictive
value of MetS*/CKD* for CVD events was also confirmed by
the Kaplan-Meier method and by multivariate Cox regression
analysis including LVMI. Furthermore, even when compared
with the MetS*/CKD™ group or with the MetS™/CKD* group,
the risk of CVD events was significantly higher in the MetS*/
CKD* group in the multivariate model including LVMI (vs.
MetS*/CKD™ group: HR 1.57, 95% CI 1.01-3.43, P < 0.05; vs.
MetS~/CKD* group: HR 1.81, 95% CI 1.06-3.08, P = 0.03).

DISCUSSION

This study identified a significant positive relationship between
the combination of MetS and CKD and risk for LVH. This
relationship was independent of age, sex, and other potential
risk factors for LVH, such as smoking. We also examined the
associations of the presence of MetS and CKD, alone and in
combination, with incident CVD over a follow-up period, and
found that the presence of MetS as well as CKD was each associ-
ated with CVD, with a joint effect that was greater than the indi-
vidual effect of either disease separately. Despite previous studies
suggesting a link between these two diseases,”™!! these two risk
factors interact to substantially increase the risk of CVD.

Our findings confirm previous investigations by document-
ing that the prevalence of LVH is higher in subjects with MetS or
CKD than in those without these diseases.!®-20 Little informa-
tion is available on the association of the combination of MetS
and CKD with LVH, especially in essential hypertensives. In
our study, LVH and altered LV patterns were more frequent in
the MetS*/CKD* group than in the MetS™/CKD™ group. Even
after adjustment for confounding factors, MetS*/CKD™* was
associated with a 2.4-fold higher risk of LVH than was MetS™/
CKD~. The mechanism by which the concomitance of MetS
and CKD is a strong risk for LVH remains hypothetical, but is
likely multifactorial. Hypertension is the fundamental trigger
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Figure 2 | Kaplan-Meier plots for CVD event-free survival in subgroup
without previous CVD and or diabetes (n = 745) (log-rank x> =30.67; P <
0.001). CKD, chronic kidney disease; CVD, cardiovascular disease; MetS,
metabolic syndrome.

of the sequence of biologic events that lead to the development
of LVH. In addition, demographic characteristics (i.e., age and
gender), volume overload, inotropy, obesity, and arterial com-
pliance also are important determinants of the development
and degree of LVH. In MetS, among the main nonhemody-
namic factors that may contribute to the development of LVH,
the most likely candidates are insulin resistance, activated sym-
pathetic nervous system, increased arterial stiffness,'®3* and
inflammation.3 In CKD, increased activity of the renin-angi-
otensin—aldosterone system and sympathetic nervous system,
hypervolemia, hyperparathyroidism, abnormalities of calcium-
phosphate homeostasis, and anemia may all contribute to the
increase in LV mass.*®3” Consequently, hemodynamic changes,
such as increased peripheral resistance and hypervolemia, and
nonhemodynamic factors including metabolic and hormonal
factors have been proposed as possible factors contributing to
LVH in subjects with MetS*/CKD". Conversely, because the
balance between the two fundamental hemodynamic stimuli
(pressure and volume) also determines the predominant type
of LV geometry, our result that a high prevalence of concentric
hypertrophy was found in the MetS*/CKD* group suggests the
presence of increased total peripheral resistance®® and activation
of the renin-angiotensin-aldosterone system>? in this group.
Our results were partially in accordance with the previous
report that MetS$ is associated with subsequent CVD, independ-
ent of traditional CVD risk factors including LVH defined by
electrocardiogram and serum creatinine.*’ We also found that,
in essential hypertensives, the presence of MetS as well as CKD
was each an independent predictor of CVD, and the combina-
tion of MetS and CKD was a strong and significant predictor of
CVD. Moreover, the increased risk for CVD was evident even
after excluding subjects with previous CVD and/or diabetes.
Our results suggest that these diseases jointly contribute to the
development of CVD, and the adverse prognostic effect of the
combination of MetS and CKD was independent of traditional
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CVD risk factors including LVMI. Hypertension is a potential
cause and consequence of CVD, and thus, our results indicate
the need for metabolic screening as well as the assessment of
renal function in hypertensive patients. Several LVH-related
factors may also ultimately contribute to the development of
CVD, and a number of underlying biochemical derangements
may exist in hypertensive patients with Met$ and CKD.

One notable result of this study is that, in the case of con-
comitant MetS and CKD, the risk of CVD became higher than
that in the presence of MetS or CKD alone. Apart from renal
and metabolic profiles, there are other possible mechanisms by
which the risk for CVD became higher with concomitant MetS
and CKD. Inflammation and oxidative stress have been impli-
cated in the pathogenesis of CVD. Even though preliminary
data, our results showed a significantly higher CRP level in the
MetS*/CKD" group than in the MetS*/CKD™ group as well as
in the MetS™/CKD* group. In addition, more severe impair-
ment of LV relaxation was observed in the MetS*/CKD* group,
and this impaired relaxation is known to be associated with
increased risk of CVD.?”! Consequently, we propose that, in
the case of concomitant MetS and CKD, further activation of
inflammation and the renin-angiotensin system,? increased
total peripheral resistance,?® and impaired relaxation may be
caused, and thus enhance the risk of CVD.

Our study has several limitations. First, we used eGFR
rather than directly measured GFR to define CKD. Although
serum creatinine has been widely used in clinical practice for
evaluating renal function, misclassification of individuals with
borderline CKD also may have resulted in biased estimates.
Second, the study subjects were a hospital-based rather than
population-based cohort. Third, only baseline measurements
of risk factors such as eGFR, lipids, and drug use were available
for the present analysis. The metabolic profile may deteriorate
over time, and, as a result, drug use may increase substantially
during the follow-up period. Fourth, because waist circum-
ference was not available in this study, we used BMI to estab-
lish the diagnosis of obesity, with adjustment for the Japanese
population, as a component of MetS. However, a recent meta-
analysis reported no difference in outcomes irrespective of
whether waist circumference or BMI was used in the criteria
for MetS to predict CVD events.*2

We found that the combination of MetS and CKD represents
a strong risk for LVH in essential hypertension. In addition,
both MetS and CKD predict CVD, with their combination fur-
ther increasing the risk, independent of baseline confounding
factors including LVMI. From a practical standpoint, physi-
cians should be aware that hypertensive patients with concom-
itant MetS and CKD are at increased risk for the development
of CVD. In hypertension, assessment of MetS as well as CKD
has appeal for improving the risk stratification for CVD in
daily practice. A large prospective population-based study will
be important to confirm our preliminary observations, and
future studies should investigate whether aggressive pharma-
cological and lifestyle interventions in hypertensive patients
with concomitant MetS and CKD can reduce their substantial
CVDrisk.

Risk Factors for Cardiovascular Disease
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Chronic kidney disease as an independent risk factor for
new-onset atrial fibriliation in hypertensive patients
Takeshi Horio®, Yoshio lwashima® Kei Kamide?, Takeshi Tokudome®,
Fumiki Yoshihara® Satoko Nakamura® and Yuhei Kawano?

Objective Chronic kidney disease (CKD) has recently been
recognized to be a powerful predictor of cardiovascular
morbidity and mortality. Atrial fibrillation (AF), which is a
common arrhythmia in hypertensives, is associated with
increased risks of cardiovascular events and death.
However, the association between CKD and the onset of AF
has not been fully elucidated. The present study assessed
the hypothesis that CKD may influence the onset of AF in
hypertensives.

Methods A total of 1118 hypertensive patients (mean age,
63 years) without previous paroxysmal AF, heart failure,
myocardial infarction, or valvular disease were enrolled.
CKD was defined as decreased glomerular filtration rate
(<60 mi/min per 1.73m?) and/or the presence of
proteinuria 14),

Results During follow-up periods (mean, 4.5 years), 57
cases of new-onset AF were found (1.1% per year). Kaplan-
Meier curves revealed that the cumulative AF event-free rate
was decreased in the CKD group (log-rank test P<0.001).
By univariate Cox regression analysis, age, smoking, left
atrial dimension, left ventricular mass index, and the
presence of CKD were significantly associated with the
occurrence of AF. Among these possible predictors, CKD
(hazard ratio 2.18, P=0.009) was an independent
determinant for the onset of AF in muitivariate analysis.

Introduction

Atrial fibrillation (AF) is the most common clinically
significant arthythmia in patients with hypertension,
even in the absence of antecedent valvular heart disease
or coronary artery disease. AF is a significant risk factor for
ischemic stroke and heart failure events, and is also
associated with increased risks of total and cardiovascular
death, especially due to stroke [1]. Therefore, the occur-
rence of AF in hypertensive patients not only decreases
their quality of life but also has a considerable influence
on their prognosis and survival. Older age, blood pressure
levels, especially ambulatory systolic blood pressure,
increased left ventricular (LV) mass, and increased left
atrial (LA) size have been known to be risk factors for the
onset of AF in hypertensive patients [2-5]. In particular,
a previous study showed that age and LV mass were
independent determinants of AF incidence in initially
untreated patients with essential hypertension [3].

Renal impairment is a powerful predictor of cardiovas-
cular prognosis. Decreased estimated glomerular filtra-
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Advanced stages of CKD (stages 4 and 5) were strongly
related to the increased occurrence of AF.

Conclusion The present study demonstrated that the
complication of CKD, especially progressed renal
dysfunction, was a powerful predictor of new-onset AF in
hypertensive patients, independently of left ventricular
hypertrophy and left atrial dilatation. J Hypertens 28:1738-
1744 © 2010 Wolters Kluwer Health | Lippincott Williams &
Wilkins.
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tion rate (eGFR) is clearly associated with the increase in
future cardiovascular events [6]. Proteinuria, even micro-
albuminuria, also increases the risk of cardiovascular
events and death [7]. Thus, the involvement of renal
impairment in the development of cardiovascular disease
has recently been noticed. However, no study has shown
the association between the onset of AF and renal impair-
ment in hypertensive patients. T'o assess the hypothesis
that chronic kidney disease (CKD) may affect the inci-
dence of AF, the present study investigated the influence
of renal impairment and CKD on the new onset of AF
in hypertensives.

Methods

Study participants

From 1263 consecutive hypertensive patients who under-
went echocardiography at the Division of Hypertension
and Nephrology of our hospital between February 1997
and October 2003, 1118 patients (580 men and 538
women; mean age, 63 years) with normal sinus rhythm
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who had had no history of previous paroxysmal AF and in
whom biochemical and urinary data were simultaneously
obtained were enrolled in the present study. Partients
with various cardiac disorders such congestive heart fail-
ure, myocardial infarction, myocardial disease, pericardial
disease, valvular heart disease, LV asynergy, or LV sys-
tolic dysfunction (fractional shortening <0.25) were
excluded from this study. Individuals after permanent
pacemaker implantation or patients receiving dialysis
were also excluded. Hypertension was defined as a sys-
tolic blood pressure of 140 mmHg or more and/or a
diastolic blood pressure of 90 mmHg or more by repeated
measurements or when medication was taken for treat-
ment of hypertension. Diabetes mellitus was diagnosed
according to the American Diabetes Association criteria,
such as a fasting plasma glucose of 7.0mmol/l or more
and/or a plasma glucose level at 2h after a 75-g oral
glucose load of 11.1 mmol/l or more, or when medication
was taken for treatment of hyperglycemia.

All procedures of the present study were carried out in
accordance with institutional and national ethical guide-
lines for human studies. All participants enrolled in this
study were Japanese, and all gave informed consent to
participate in this study.

Echocardiography

A comprehensive two-dimensional echocardiography was
performed using a cardiac ultrasound unit (Sonos 5500;
Philips Medical Systems, Andover, Massachusetts, USA)
as previously described [8]. Echocardiographic
parameters were measured by the consensus of two
experienced investigators who were blinded to the
clinical data of the patients. Measurements included
interventricular septal thickness (IVST), posterior wall
thickness (PWT), LV diameter at end-diastole (LVDd),
LV diameter at end-systole (LLVDs), and LA diameter.
LV fractional shortening was calculated as (LVDd-
LVDs)/LVDd. LV mass was estimated using the formula
validated by Devereux and Reichek [9]: LV mass
(g)=1.04 x {(IVST + PWT + LVDd)’ — LVDd®} - 13.6.
LV mass was normalized for body surface area and
expressed as the LV mass index.

Clinical parameters

At the time of the echocardiographic examination, blood
pressure, heart rate, and body mass were determined.
Blood pressure was measured by a physician in a hospital
ouctpatient clinic with the patient in a sitting position after
over 10 min of rest, using an appropriate-size arm cuff and
mercury sphygmomanometer. The first and fifth Korotk-
off sounds were used to identify systolic and diastolic
values, respectively, and measurements were taken to the
nearest ZmmHg,

Peripheral blood and urine samples were obtained in the
morning after an overnight fast. The serum creatinine
level was determined by the enzymatic method and

CKD and atrial fibrillation Horio et a. 1739

eGFR was calculated by the formula of the Modification
of Diet in Renal Disease Study with a modified equation
for Japanese [10]: eGFR (ml/min per 1.73 m%) =
194 x age %7 x serum creatinin™ %% x 0.739 (if
woman). Urinary protein excretion was assessed by the

dipstick test from spot urine samples.

CKD was defined as decreased eGFR less than 60 ml/min
per 1.73m? andfor the presence of proteinuria (>1+).
The classification of CKD stages was performed accord-
ing to the guidelines of the National Kidney Foundation
classification of CKD [11] as follows; eGFR 90 ml/min per
1.73m? or more with proteinuria (stage 1), eGFR 60—
89 ml/min per 1.73m* with proteinuria (stage 2), and
stages 3, 4, and 5 were classified by the levels of eGFR
(30-59, 15-29, and <15ml/min per 1.73 m?, respec-
tively), regardless of the presence of proteinuria.

Follow-up

After the initial assessment, all patients visited our hos-
pital periodically (every 1-2 months) for the treatment of
hypertension and concurrent diseases. The pulse and
heart beat were checked at every examination. Individ-
uals with trregular pulse or cardiac rhythm and/or patients
with complaint of palpitation or chest discomfort
received 12-lead electrocardiogram and 24-h Holter
recordings. In addition, all patients received standard
12-lead electrocardiogram at least once a year. AF was
defined as absence of P waves before each QRS complex,
irregular atrial electrical activity with fibrillatory waves
varying in size, shape and timing, and completely irre-
gular RR intervals. New-onset AF as the study endpoint
was defined as the first presentation of AF during follow-
up. Transient postoperative AF, occurring as an isolated
episode within one month after surgery, was not counted
as an outcome event. Because newly documented AF, not
the duration or persistence of the arrhythmia, was the
outcome event of interest, no distinction was made
between paroxysmal and persistent AF. For patients
without any AF event, the date of censor was that of
the last contact with the padent.

Statistical analysis

Statistical analysis was performed using StatView Version
5 Software (Abacus Concepts Inc., Berkeley, California,
USA). Values were expressed as mean = SD. An unpaired
Student’s #test was used for comparison between the two
groups. AF event-free curves were derived by means
of the Kaplan—Meier method and were compared by
log-rank test. Possible predictors of new-onset AF were
tested by univariate Cox proportional hazards regres-
sion analysis. Then, a multivariate analysis was applied
to identify independent predictors and their predictive
power. Independent predictors of AF incidence were
also evaluated by using a stepwise regression analysis.
A value of P<0.05 was accepted as statistically signi-
ficant.
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Table 1 Clinical characteristics of total participants (n=1118)
Variable
Age (years) 63+ 11
Sex (men) (%) 52
Body mass index {kg/m?) 243134
Duration of hypertension (years) 16+ 11
Diabetes mellitus {%) 24
Smokers (current or past) (%} 48
Systolic blood pressure {mmHg) 146+ 16
Diastolic blood pressure (mmHg) 82+ 11
Heart rate (bpm) 6718
eGFR (ml/min per 1.73m? 6832
Urinary protein
(=) to () (%) 74
(1+) to (2+) (%) 16
>(3+) (%) 10
Antihypertensive treatment
Ca channel blockers (%) 69
RAS inhibitors (%) 35
B-blockers (%) 29
Diuretics (%) 17
Others (%) 13
Statin use (%) 29

Values are mean + SD or percentage. eGFR, estimated glomerular filtration rate;
RAS, rennin-angiotensin system.

Results

Patient characteristics

The clinical characteristics of all patients are summarized
in Table 1. The average duration of hypertension of the
patients was 16+ 11 years, and they had had history of
antihypertensive treatment of 11 +9 years as average. At
baseline, 83% of the study patients were receiving anti-
hypertensive drugs, and 17% were treated with diet and/
or exercise therapy only. Ca channel blockers, rennin—
angiotensin system (RAS) inhibitors (i.e., angiotensin II
receptor blockers and angiotensin-converting enzyme

inhibitors), B-blockers, diuretics, and other classes of
agents were used alone or in various combinations in
69, 35, 29, 17, and 13% of the study patients, respectively.

The mean duration of follow-up was 4.5 years (range,
0.1-9.1 years), for a total of 5079 patient-years of obser-
vation. During follow-up, 57 cases of new-onset AF were
found, indicating the incidence was 1.1% per year. Of
these 57 AF cases, 39 (68%) were symptomatic and the
other 18 (32%) were asymptomatic at the time of the first
documented event.

Relations of estimated glomerular filtration rate and
proteinuria to the incidence of atrial fibrillation

The effect of eGFR and proteinuria on the incidence of
new-onset AF was evaluated. The cumulative AF event-
free rate was significantly decreased according to the
reduction of basal eGFR (Fig. 1a). Likewise, AF
event-free rate was clearly decreased according to the
increase in urinary protein levels (Fig. 1b). In the Cox
regression analysis, both eGFR (hazard ratio 0.82 per
10 ml/min per 1.73m? P <0.001) and proteinuria [(1+)
to (2+4): hazard ratio 2.31, P=0.012; >(3+): hazard ratio
5.07, P < 0.001 vs. (—) to (£)] were significantly related to
the incidence of AF.

Effect of chronic kidney disease on the incidence of
atrial fibrillation

We divided the present patients into two groups by the
absence or presence of CKD, which was defined as
decreased eGFR less than 60 ml/min per 1.73m? and/
or the presence of proteinuria (>1+). The participant
group with CKD was associated with older age, higher
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Atrial fibrillation (AF) event-free curves obtained with the Kaplan—Meier method in the respective groups divided by basal estimated giomerular
filtration rate (eGFR, a) or urinary protein levels (U-protein, b). (a) All participants were divided into four groups according to basal eGFR levels.
Cumulative AF event-free rates in the groups with basal éGFR of >60 (n=818), 30-59 (n= 128), 15-29 {(n="73), and <15 ml/min per 1.73m?
(n=99) were 93.6, 91.2, 85.3, and 68.2%, respectively (log—rank test, P< 0.001). (b) All participants were divided into three groups according to
basal U-protein levels. Cumulative AF event-free rates in the groups with basal levels of U-protein of (—) to (£) (n=827), {1+) to (2+) (n= 183}, and
> (3+) (n=108} were 93.9, 86.7, and 74.7, respectively {log-rank test, P< 0.001).
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Table 2 Comparison of basal characteristics between the two
groups without and with CKD

CKD (-} (n=732)  CKD (+) (n=2386)

Age (years) 8211 65+ 11*
Sex (men) (%) 47 81*
Body mass index (kg/m?) 2465+ 3.4 23.8 +3.4*
Duration of hypertension (years) 15+ 10 18£11*
Diabetes mellitus (%) 18 35*
Smokers (current or past} (9b) 44 55*
Systolic blood pressure (mmHg) 144+ 15 150 +17*
Diastolic blood pressure {mmHg) 82+ 11 8tx11*
Heart rate (beats/min) 67+8 67+8
eGFR (ml/min per 1.73m?) 83+20 40 +30*
Urinary protein
(=) to (£) (%) 100 25*
(1+) to (2+) (%) 0 47
2(3+} (%) 0 28*
Antihypertensive treatment
Ca channel blockers (%) 61 83*
RAS inhibitors (%) 32 41*
B-Blockers (9b) 26 35
Diuretics (%) 10 30*
Statin use (%) 26 3g*
LA diameter {mm) 3645 37+56*
LV mass index {g/m?) 121+£31 145+ 44*
LV fractional shortening 0.42+0.07 0.40+0.07*

Values are mean+SD or percentage. CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; LA, left atrial; LV, left ventricular; RAS,
rennin -angiotensin system. * P < 0.05 compared with CKD ().

proportion of men, smaller body mass index, and higher
rate of diabetes mellitus and smokers (Table 2). In
addition, the patients with CKD had longer duration of
hypertension, higher systolic blood pressure, and more
use of antihypertensive drugs. As for echocardiographic
parameters, LA diameter and LV mass index were sig-
nificantly greater, and LV fractional shortening was
slightly lower in patients with CKD than in those
without CKD.

CKD and atrial fibrillation Horic et al. 1741

When comparing the incidence of new-onset AF
between the two groups, the total incidence of AF
through the follow-up periods was markedly higher in
the patient group with CKD, compared to that without
CKD (Fig. 2a). The cumulative AF event-free rate was
also significantly decreased in the CKD group, compared
to the non-CKD group (Fig. 2b).

As several confounding factors might be involved in the
association between CKD and the incidence of AF in the
present participants, we examined the independent pre-
dictors of new-onset AF by Cox regression analysis. In the
univariate analysis, age, smoking, use of diuretic, LA
diameter, L.V mass index, and the presence of CKD were
significantly related to the incidence of AF (Table 3).
Among these possible predictive factors, age, smoking,
and the presence of CKD were independent predictors of
new-onset AF by the multivariate analysis. The adjusted
hazard ratio of having CKD for new-onset AF during
follow-up was 2.18 (95% confidence interval 1.21-3.90,
P =0.009). Independent predictors of AF incidence were
re-examined by stepwise regression analysis including all
clinical and echocardiographic variables as possible inde-
pendent factors. The presence of CKD as well as age,
smoking, and LA diameter was an independent predictor
of new-onset AF (age, hazard ratio 1.48 per 10 years,
P=0.008; smoking, hazard ratio 1.92, P=0.037; LA
diameter, hazard ratio 1.43 per Smm, P=0.015; CKD,
hazard ratio 2.36, P =0.004).

Chronic kidney disease stages and the incidence of
atrial fibrillation

The association of CKD stages with the incidence of AF
was finally examined. In the univariate Cox analysis, the
occurrence of new-onset AF was significantly increased in
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and 86.3%, respectively (log—rank test, P < 0.001).
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Table 3 Predictors of new-onset AF by univariate and multivariate
Cox regression analysis

Hazard ratio
(95% Cl) P

Univariate analysis

Age, 10 years 1.65 (1.24-2.19) <0.001
Sex, men 1.51 (0.89-2.55) 0.128
Body mass index, 1kg/m® 1.01 (0.93-1.09) 0.839
Duration of hypertension, 1 year 1.02 (1.00-1.05) 0.100
Diabetes mellitus, yes 1.34 (0.75-2.40) 0.318
Smoking (current or past), yes 2.23 (1.29-3.84) 0.004
Systolic blood pressure, 10 mmHg 1.06 (0.90-1.25) 0.480
Diastolic blood pressure, 10 mmHg 0.88 (0.69~1.13) 0316
Heart rate, 1 bpm 0.98 (0.94-1.01) 0.165
Ca channel blocker, yes 1.56 {0.84-2.89} 0.162
RAS inhibitor, yes 0.82 (0.47~1.44}) 0.492
B-Biocker, yes 1.38 (0.81-2.35) 0.236
Diuretic, yes 2.23 (1.23-4.03} 0.008
Statin, yes 1.00 (0.67-1.76} 0.990
LA diameter, 5 mm 1.43 (1.10-1.87) 0.008
LV mass index, 10 g/m® 1.09 (1.08~1.15) 0.004
LV fractional shortening, 0.01 0.98 (0.94-1.02} 0.250
CKD, yes 2.99 (1.77-5.05} <0.001
Multivariate analysis
Age, 10 years 1.54 {1.16-2.04) 0.003
Smoking {current or past), yes 1.78 (1.01-3.15) 0.047
Diuretic, yes 1.23 (0.65~2.32) 0.533
LA diameter, 5 mm 1.26 (0.94-1.68) 0.118
LV mass index, 10 g/m? 1.03 (0.96-1.10) 0.457
CKD, yes 2.18 {1.21-3.90) 0.009

In the multivariate analysis, all variables that had a significant association in the
univariate analysis were included as possible independent factors. AF, atrial
fibrillation; Cl, confidence interval; CKD, chronic kidney disease; LA, left atrial;
LV, left ventricular; RAS, rennin—angiotensin system.

the participant groups with CKD stage 3 and more
advanced stages (Fig. 3a). After adjustment for confound-
ing factors (i.e., age, smoking, use of diuretic, LA
diameter, and LV mass index) by the multivariate
analysis, CKD stages 4 and 5 were still significantly
associated with the increased incidence of AF (Fig, 3b).

Discussion

The present study has shown that CKD defined as
decreased eGFR and/or the presence of proteinuria is
longitudinally associated with the incidence of new-onset
AF in hypertensive patients. Our results indicate that
antecedent existing CKD has a significant influence on
new-onset AF in hypertensives.

Several clinical and population-based studies showed that
the prevalence of AF was independently associated with
decreased eGFR and increased levels of urinary albumin
[12-14], although these cross-sectional investigations did
not elucidate whether antecedent renal dysfunction
affects the incidence of AF, Prospective observational
studies examining postoperative AF showed that renal
impairment (decreased eGFR or renal failure) was associ-
ated with an increased risk of AF after cardiac surgery
[15,16]. A recent study reported that decreased baseline
€GFR was associated with an increased risk of subsequent
new onset AF in a large scale of community-based
cohort [17]. The findings of our study are fundamentally
consistent with these observations. However, previous
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studies have shown that many factors are involved in the
development of AF in a general population and patients
with cardiovascular disorders [18-20]. As for hypertensive
patients, it has been revealed that age, systolic blood
pressure, LV mass, and LA size are related to the incidence
of AF [2-5,21]. Thus, there was the possibility that these
factors might mediate the association bertween CKD and
AF incidence observed in the present and other studies,
because GFR generally decreases with age, and pressure
and volume load augmented by renal dysfunction directly
increases LV mass and LA size. In fact, the present patients
with CKD had older age, higher systolic blood pressure,
and greater LV mass index and LA diameter, compared
with those without CKD. In addition, age, L.V mass index,
and LA diameter as well as CKD were relating factors to
the incidence of AF in the univariate Cox regression
analysis of this study. By the multivariate analysis, how-
ever, the association of CKD with new-onset AF was
warranted to be still significant independently of these
confounders, although the adjusted hazard ratio of CKD
for AF incidence was diminished compared to the crude
risk ratio before adjustment. Therefore, the present study
has demonstrated for the first time that the existence of
CKD in hypertensive patients is an independent predictor
of new-onset AF, apart from the effects of aging, LV
hypertrophy, and LA dilatation.

Verdecchia ¢ a/. [3] showed that age and LV mass were
the sole independent predictors of new-onset AF in a
large cohort of initially untreated patients with essential
hypertension. In our patients with chronically treated
hypertension, LV mass index was not an independent
determinant of the incidence of AF. The exact reason for
the discrepant findings is unclear, but there was a possib-
ility that antihypertensive treatment before the enroll-
ment might have modified LV mass in our study.

In the univariate analysis of our study, basal systolic or
diastolic blood pressure was not significantly related to
the incidence of AF. Previous studies showed that sys-
tolic blood pressure and pulse pressure were good pre-
dictors of incident AF in large cohorts of the general
population [22,23]. In hypertensive patients, however,
there have been discrepant findings concerning the sig-
nificant influence of blood pressure levels on the incident
of AF [2-4,21]. Antihypertensive treatment and changes
in blood pressure during follow-up might have modified
the outcome and have spoiled the possible relation
between systolic blood pressure and incident AF in
our retrospective observational study. Since the present
patients with CKD had a significantly higher systolic
blood pressure than those without CKD, there might
be a possibility that elevated blood pressure in the CKD
group promoted renal dysfunction further, resulting in
contribution of new-onset AF partly.

In the present study, the incidence of new-onset AF was
clearly associated with the decrease in eGFR. In fact,
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CKD stages 4 and 5 were a significant predictor of
incident AF after adjustment for confounding factors
by the multivariate analysis. The incidence of AF was
also increased according to the severity of proteinuria.
Therefore, our findings suggested that advanced renal
dysfunction including massive proteinuria chiefly con-
tributed to the incidence of new-onset AF in the present
hypertensive patients.

The causal mechanism by which renal impairment has a
great and partly cardiac overload-independent influence
on the occurrence of AF in hypertensive patients could
not be drawn from our observational study, but there are
some possible speculations. The increased risk of devel-
oping AF in CKD may be related in part to activation of
signaling pathways of inflammation, because previous
studies have shown that renal insufficiency is associated
with elevations of inflammatory markers such as C-reac-
tive protein [24] and that C-reactive protein predicts
increased risk for developing future AF [25]. Possible
involvement of oxidative stress and endothelial dysfunc-
tion in the development of AF has also been shown
[26,27]. Since the patients with chronic renal failure have
increased levels of oxidative stress markers and impaired
endothelial function [28], oxidative stress and endothelial
dysfunction caused by renal impairment may be involved
in the increased risk of new-onset AF in patients with
CKD. In addition, these mechanisms might be also
involved in the association between smoking habit and
incident AF observed in the present study, because
smoking is known to increase oxidative stress and
deteriorate endothelial function.

Limitations

Screening 24-h electrocardiographic recordings were
not performed in our study, although standard 12-lead
electrocardiograms were periodically done for all the
present patients. Therefore, it is possible that asympto-
matic cases of AF may have gone undetected. In fact,
68% of 57 cases of newly documented AF were accom-
panied by some symptom such as palpitation and chest
discomfort, and the other 32% were asymptomatic cases
in the present study. However, all patients visited our
hospital periodically (every 1-2 months) and the pulse
and heart beat were checked at every examination.
Individuals with irregular pulse or cardiac rhythm
received 12-lead electrocardiogram and 24-h Holter
recordings, even they had no cardiac symptom. In
addition, the incidence of new-onset AF in our study
(1.1% per year) was similar to the incidence rates in other
studies for patients with essential hypertension (0.5~
1.7% per year) [3-5,21] and higher than those in
middle-aged and elderly adults from population-based
studies (0.2—1.1% per year) [17,18,22,23,29,30}. Thus, it
is less likely that there were a considerable number of
missed AF cases in the present study. Furthermore, since
any misclassification or underdetection of incident AF is
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expected to occur at random and independent of renal
function, such misclassification would not overestimate
the true risk of new-onset AF associated with CKD. The
small number of new-onset AF during follow-up, how-
ever, must be considered as a limitation of the study,
especially in comparing AF incidence rates among more
than three groups.

Several studies have revealed that RAS inhibitor treat-
ment and hydroxymethylglutaryl coenzyme A reductase
inhibitor (statin) use are associated with reduced inci-
dence of AF in patients with cardiovascular disease
[21,31,32]. As another study limitation, therefore, we
must consider the possibility that these treatments might
bias the outcome of the present study.

Moreover, there was a possibility that the obtained find-
ings in this study might be limited to the Japanese
population. Further studies are needed to validate our
results in Western and other racial populations.

In conclusion, the present study demonstrated that CKD
defined as decreased eGFR and/or the presence of pro-
teinuria was associated with an increased risk of new-
onset AF in hypertensive patients, and that the impact of
CKD on the incidence of AF was independent of LV
hypertrophy and LA dilatation. In particular, advanced
stages of CKD were strongly related to the increasing
occurrence of AF. In managing hypertensive patients,
therefore, it may be important to prevent the progression
of renal dysfunction in prevention of the occurrence of
new-onset AF.
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Proposed Guidelines for Hypertriglyceridemia in Japan with
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Hitoshi Shimano, Hidenori Arai, Mariko Harada-Shiba, Hirotsugu Ueshima, Takao Ohta, Shizuya Yamashita,
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Shun Ishibashi, Koji Shirai, Shinichi Oikawa, Yasushi Saito, and Nobuhiro Yamada

The Research Committee for Primary Hyperlipidemia, Research on Measures for Intractable Diseases by the Ministry for Health,

Labor, and Welfare in Japan.

The Japan Atherosclerosis Seciety (JAS) guidelines for the prevention of atherosclerotic diseases, pro-
posing management for LDL cholesterol as the primary target, have successfully contributed to the
prevention of cardiovascular events; however, recently, the impact of hypertriglyceridemia as an addi-
tional cardiovascular risk has become understood, especially in light of the rise in obesity, metabolic
syndrome, and diabetes in the Japanese population. Rather than waiting to obtain conclusive domes-
tic data confirming that hypertriglyceridemia is a cardiovascular risk factor and that its management
is efficacious, we propose guidelines for hypertriglyceridemia using non-HDL cholesterol as a sec-

ond target.
] Atheroscler Thromb, 2008; 15:116-121.

Key words; Hyperdipidemia, Dyslipidemia, Triglycerides, HDL cholesterol, LDL cholesterol

Introduction

Many prospective cpidcmiological studics have
indicated a positive relationship between scrum tri-
glyceride (TG) levels and the incidence of coronary
heart disease (CHD)" 2. TG-rich lipoprotcins such as
remnant lipoprotcins and small densc LDL particles
arc increased in h idemia and have been
established to be atherogenic by numerous clinical and
experimental studics*®; however, dassification of the
plasma TG level as an independent risk factor for
atherosclerosis has been controversial. This is pardy
because plasma TG levels are inverscly intercorrclated
by other well-cstablished risk factors, such as low HDL
cholesterol. To datc, large scale trials for intervention
targeting plasma TGs with TG reducing agents such as
fibrates have not reached definitive condusions about
their cffectivencss on primary endpoints, although fib-
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rates have some impact on both primary and second-
ary prevention in small scale studies™.

The precise estimation of TGs as a cardio-
vascular risk is confounded by other risk factors, such
as obesity, diabetes, hyperiension and smoking. In
addition, a duster of metabolic risk factors, such as vis-
ceral obesity and insulin resistance with hypertriglyc-
cridemia, referred to as metabolic syndmmc, indicates
that plasma TG concentrations arc linked to
other strong risk factors for CHD. Thus, paticnts with
clevated TGs arc at increased risk for CHD, although
greater risk cannot be independently explained by TGs.
Mcanwhile, recent meta-analyses suggested that plasma
TGs could bc an mdcpcndcnt factor for CHDl 3,

studics indicared that
roteins as well as LDL are ath-
crogenic. Taken togcdv:r, these data suggest that hyper-
triglyceridemia should be as a scmi-indepen-
dent risk factor and should be included as a clinical
targee for the prevention of CHD. Considering the
increasing prevalence of obesity, metabolic syndrome,
and diabctes in this country, guidelines speaalm:d for
paticnis with b yceridemia need to be immedi-
atcly cstablished. In this study, we propose ncw guide-
lines for Japanesc patients with hypertriglyceridemia
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Table 1. Plasma lipid profile of scvere and mild type IIb hyper-
lipidemic patients sub-grouped by non-HDL choles-

terol level
severe type b mild type IIb
Male non-HDLc ?
>190mg/dl. <190 mg/dL
n 51 54
Total Cholesterol 270+41.8 2342403 0.001
Triglycerides 347286 236110  0.031
HDL Cholesterol 42.4+8.0 549152 0.000
LDL Cholesterol 159+51.6 135£38.1 0.029
non-HDL. Cholesterol 228+41.6 182x39.1 0.000
severe type lIb  mild type b
Female non-HDLc ?
>180 mg/dl. <180 mg/dL
n 52 48
Toral Cholesterol 265%29.6 231x202 0.000
Trigtycertdes 242120 218%56 0.1
HDL Cholesterol 47.3x14.1 632195 0.000
LDL Cholesterol 175+ 404 125179 0.000

non-HDL Cholesterof 224+ 302 168149 0.000
Subjects were patients who visited the outpatient dinic of the Endo-
ainology and Metabolism Unit of Tsukuba University Hospital on 2
regular basis (monthly or bimonthly) as desaibed in Materials and
Methods. Data are the means 2 SD (mg/dL).

using non-HDL as a secondary target after the goal
for LDL cholesterol as the primary target is achieved.

Materials and Methods

A tonal of 1,124 parients in Tsukuba University
hospital in 2006 were consccutively included in the
study (Table I). Patients with scvere illness were ex-
cluded. Plasma total cholesterol (TC), LDL-C, TG,
HDL-C, glucose and HbAc in cither the fasted or fed
state were determined enzymatically with the Hitachi
7070. Plasma HDL-C concentration was measured by
a direct method using polycthylene-glycoso-pretreated

We calaulated LDL-C concentration with
Friedewald’s formula (TC-TG/5-HDL-C) when TG
was less than 400 mg/dL. Plasma non-HDL-C con-
centration was calculated as TC ~ HDL-C. One hun-
dred and five male and 100 female patients were diag-
nosed with Type Itb hyperlipidemia (TC> 220 mg/dL
and TG > 150 mg/dL). They were subcategorized into
two groups according to their non-HDL cholesterol
level (Table 1).

CHD ovenis
Other
Tmrauus
ref

<

VLDLc, IDLe, RLPC
LDL cholestarol

0 Non-HDL cholesterol

Fig.1. Radonale for usage of non-HDL cholesterol: impact
of TG and other risk factors on corrclation between
LDL-cholesterol CHD cvent.

nonHDL dholesterol =Total cholesterol - HDL cholesterol=VLDL
cholesterol + IDL. cholesterol {(remnant Lipoprotein cholesterol) +
LDL cholesterol (Friedewald formula).

VLDL chelesterol + IDL cholesterol (RLP cholesterol) =TG/5

The risk of hypertriglyceridemia is approximated to VLDL, IDL,
and RLP cholesterol estimated as TG/5, and incorporated into non-
HDLC. The difference between non-HDL cholesterol and LDL

cholesterol on X-axis was ser up at 30 mg/dlL. based upon the data
from Fig.2.

Results and Discussion

Advantage of Non—HDL Cholesterol as a Marker
for
LDL cholesterol has been established as the most
potent predictor of CHD and is currently the primary
target for treatment and prevention. Other risk factors,
including TG, diabetes, obesity, and metabolic syn-
drome, do not directly elevate plasma LDL cholesterol,
but could enhance the risk of LDL cholesterol by
shifting up the curve, as depicred in Fig. 1. To cvaluatc
and manage the risk of h iglyceridemia, the TG
level must be interpolated into the risk of plasma cho-
lesterol. In patients with high TGs, most VLDL cho-
lesterol resides in the smaller (remnant) VDL frac-
tion. Cholesterol of remnant lipoproteins (VLDL and
IDL), which is concomitandy increased by clevation
of plasma TG is an appropriatc surrogatc marker of
idemia. TG-rich remnant lipoproteins
have been established as atherogenic lipoproteins® 3.
Thus, RLPc, a commercially available laboratory test
for remnant lipoprotcin cholesterol, could be a suit-
ablc marker for the atherogenicity of hyperwriglyceri-
demia; however, this test is expensive and is not prac-
tical for usc as a routinc paramcter. In contrast, non-
HDL cholesterol, defined as total cholesterol -HDL
cholesterol, is easily calculated, and represents the sum-
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mation of VLDL/IDL (remnant) cholesterol and LDL
cholesterol. It reflects the risks for all apoB-containing
lipoprotcins and could be an cxcellent marker for ath-
crogenic lipoproteins. Plasma TG itself is not an appro-
priate marker for CHD risk duc to its intcnal and
dictary variability. In contrast, non-HDL cholesterol
is not affected by dictary states and has much less daily
variability than TG.

Predictive Power of Non-HDL Cholesterol

Non-HDI. cholesterol reflects the risks of both
hypertrigyceridemia and LDL-cholesterol'® 'V, Several
studies have indicated that non-HDL cholesterol is
better than LDL cholesterol in its predictive power of
cardiovascular discases, mdlmnn§ that VLDL choles-
terol could contribute to CVD'?. Non-HDL choles-
terol is also a uscful marker in a varicty of subpopula-
tions: men, the elderly, and paticnts with high-risk dis-
eases such as diabetes and end-stage renal disease!>19.
Our current dlinical data from paticnts with type IIb
hyperipidemia also support the uscfulness of non-
HDL cholesterol (Table 1). In our outpatient dlinic,
70% of paticnts had diabetes and roughly 10% were
type IIb hypedipidemia (cholesterol >220 mg/dL and
TG >150 mg/dL). These type b hypedipidemic pa-
tients were equally divided into two sub-groups: severe
{non-HDL cholesterol levels > 190 mg/dL for male pa-
tients and 180 mg/dL for female patients) and mild
<190 mg/dL for male patients and 180 mg/dL for fe-
male patients. When the severe and mild IIb groups
were compared, total, LDL, HDL cholesterol, and TG
levels were significantly different among these two
groups for both genders, except for serum triglyceride
in females (Table 1). These data indicate that non-
HDL cholcstcrol is an excellent marker representing
all thc components of dyslipidemia. The uscfulness of
non-HDL cholesterol rather than low-density lipopro-
tein cholesterol as a tool for lipoprotein cholesterol
scroening and assessment of risk and therapy has been

recognized in the USAY: 9. Another candi-
date marker for both remnant and LDL cholesterol is
plasma apoB level'™. ApoB is a direct marker for the
partide number of apoB-containing lipoproteins and
reflects risks of both remnants and LDL. Non-HDL
cholesterol is highly corrclated with apoB, and should
replace this spedialized and expensive labomtory test
despitc some reports mdlannicthat apoB is better
than non-HDL dxolcstcrol for the predictive power of
CHD 13, 20)'

However, according to the Friedewald formula,
the TG nisk in non-HDL cholesterol represents only
one fifth of TG levels as remnant cholesterol, and thus,
the conmibution of the risk is relatively weak com-
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. 2. Distribution of non-HDL cholesterol vs. calculated
LDL cholesterol in normolipidemic patients.
Non-HDL cholesterol and LDL cholesterol calculated from Frie-
dewald formula were highly correlated. Subjects were from the out-
patient dinic of Tsukuba University Hospital®".

pared to that of LDL cholesterol. Our previous data
indicated that the correlation of non-HDL cholesterol
to LDL cholesterol was much stronger than that to
the TG level (Fig. 2)*". It should be noted that non-
HDL cholesterol is not a specific marker for hypertri-
glyceridemia. Rather, non-HDL cholesterol should be
rcgarded as a general single marker for both hypercho-

lesterolemia and/or hypertriglyceridemia.

Proposed Guidelines for Hypertriglyceridemia
Based upon these considerations, we proposc
guidelines for h i idemia in Japanesc patients
using non-HDL cholesterol as a seco target, as
shown in Table 2. This is an extendcd version of the
2007 edition of the Japan Atherosclerosis Society (JAS)
guidclines for the prevention of atherosclerotic dis-
eases in which LDL cholesterol is the primary marker
and target. It is essentially similar to the AHA-ATPHL
guidclines for hyperTG in USA™. ATPII recommends
using non-HDL cholesterol as a secondary target when
plasma TG is greater than 200 mg/dL becausc VLDL
cholesterol is not significandy accumulated if TG is
Iess than 200 mg/d1L.%. We do not have cnough dlini-
cal data for Japancse on the relationship between TG
and VLDL cholesterol to provide the appropriate TG
level where the use of a non-HDL marker should be
considered. Currently, we recommend using non-HDL
for paticnts with hyperriglyceridemia (TG > than 150
mg/dL). Even for paticnts with h ridemia,
the primary target is still LDL cholesterol. In the 2007
JAS guidclincs, goals of LDL for the sccondary pre-
vention group and the primary prevention group with
catcgory 1, H, and W arc 100, 120, 140, and 160 mg/
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Table 2. Proposed Japanese Guidelines for Hypertriglyceridemia

Calegories Goal for plasma lipids (mghiL)
Treatment N
Coronary Pisk Fachos | primaryLDLC | Secondary nonHDLC | HDLC
. 1 {Low Risk ) [+] <160 <190
i . ow Group. 1
m as the first inc, | I (intermediate) 1~2 <140 <170
M (High) >3 <120 <150 z40
Secondary Prevention
B inq Hestyle & medicati Past History of CHD <100 <130

Goals for control depend

upon categories of LDL cholesterol and non-HDL cholesterol. The primary target in hypertriglyceridemia is

LDL-cholesterol. If the goal for LDL-cholesterol in the Japanesc Guiddines for Atherasderosis 2007 is already achieved, nonHDL-C is
the secondary target. For the paticnts with TG > 500 mg/dL, potential genctic disorders and the prevention of acute pancreatitis should

be considered.
past history of CHD, and obesity (visceral obesity).

dL, respectively. Goals for non-HDL cholesterol in

oup arc those for LDL cholesterol plus 30 mg/

s is based upon our outpatient dinic data that
non-HDL cholesterol was 30 mg/dL higher than LDL
cholesterol (Fig.2)?". ATPH also recommends using
LDL cholesterol goal +30 mg/dL?. This also corse-
sponds to the calculated VLDL cholesterol of the cut-
off point of normal TGs (150/5 mg/dL). This goal is
arbitrarily set and could be modified in the future,
especially when the relative atherogenicity of remnants
and LDL cholesterol are more precisely determined. In
the case of TGs of greater than 500 mg/dL, the risk of
pancreatitis should be carcfully considered as a poten-
tial acute complication.

Treatment of Hypertriglyceridemia Based upon
Non-HDL Cholesterol Level

Trcatment of paticnts with hypc:::gl‘yum idemia
for primary prevention should be ini with life-
style modifications, cspecially reducing weight and in-

creasing physical actmty Lifestyles exacerbating hyper-
mgylycmdcmla, as overweight, obesity, physical
inactivity, cigarette smolnng. alcohol intake, and
very high carbohydrate dicts, nmd to be improved.

risk factors other than LDL~cholesterol indude low HDL cholesterol, aging, diabetes, hypertenstion, smoking,

increasing the dosc of the statin or switching to a
form. This is based upon the notion that rem-

nant lipoprotcins, as well as LDL, are taken up through
LDL rcceptors that arc up-regulated by statins. In the
case of type HI hyperlipidemia, or if high non-HDL
cholesterol is much more prominent than LDL cho-
lesterol because of hypertriglyceridemia, fibrates could
be considered as they specifically reduce plasma TGs
and are effective type Il hyperlipidemia. How-
ever, LDL cholesterol should be carcfully monitored
since fibrates occasionally raise LDL cholesterol fol-
lowing a decrease in TGs (VLDL cholesterol). In case
the goal for LDL cholesterol is not attainable, the ad-
dition of cholestimide and/or ezetimibe to statin could
be consldcmd. whereas EPA could be considered for
mia. A positive result from a recent

large scale Japanese study using both EPA and prava-
statin to cstimatc the prevention of atherosclerotic
cvents, justifies superimposing EPA on statin therapy,
although the contribution of the plasma TG-lowering
cffect of EPA to the prevention of cardiovascular events
is not yet determined™. The complexity of the choice
of medication for high non-HDL cholesterol is cur-
rently inevitable because no agents specifically decrease

Other disorders and drugs that cause hyper- non-HDL cholesterol. Drug information strongly
mglyccndcmn,md uding diabetes, chronic renal fil- wmnsagainstthcuscofbodlmﬁnsandﬁbmtabc-

g::mmc, and stcroid therapy, should causc of i the risk of the life-threatening side
a!sobcmmcl In the cvent that lifestyle modifi- cffect of rhabdomyolysis. Joint use is justified only

cation for at least three months is not cffective to
achicve the goal of non-HDL cholesterol, medication
should be considered. Currently, due to lack of evi-
dence to fully justify the use of fibrates for high TGs
prior to statins, it is rccommended to use a statin as
the first linc choice for high non-HDL cholesterol. If
statin therapy is used to control LDL choles-

terol, management of non-HDL should be targeted by

when the benefit exceeds the risk, which requires ex-

isc in this ficld; however, considering the very few
reports of rhabdomyolysis as a scvere side effect in re-
cent post-market studies in Japan, carcfully prescrib-
ing both agents for high-risk paticnts such as those
with type IIb ipidemia could be re-considered.
Joint usc might be restricted in the dlderly or renal
compromised paticnts. In addition, monitoring mus-
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