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BP Measurement

Masked Hypertension and Target Organ
Damage in Treated Hypertensive Patients

Mari Tomiyama, Takeshi Horio, Masayoshi Yoshii,
Shin Takiuchi, Kei Kamide, Satoko Nakamura,
Fumiki Yoshihara, Hajime Nakahama, Takashi Inenaga, and Yuhei Kawano

Background: Recent studies have shown that an
elevated ambulatory or home blood pressure (BP) in the
absence of office BP—a phenomenon called masked
hypertension—is associated with poor cardiovascular
prognosis. However, it remains to be elucidated how
masked hypertension modifies target organ damage in
treated hyperiensive patients,

Methods: A total of 332 outpatients with chronically
treated essential hypertension were enrolled in the present
study. Patients were classified into four groups according
to office (<140/90 or =140/90 mm Hg) and daytime
ambulatory (<<135/85 or =135/85 mm Hg) BP levels; ie,
conirolled hypertension (low office and ambulatory BP),
white-coat hypertension (high office but low ambulatory
BP), masked hypertension (Iow office but high ambulatory
BP}, and sustained hypertension (high office and ambula-
tory BP). Left ventricular mass index, carotid maximal
intima-media thickness, and urinary albumin levels were
determined in all subjects.

Results: Of the patients, 51 (15%), 65 (20%), 74
{22%), and 142 (43%) were identified ag having controlled

hypertension, white-coat hypertension, masked hyperten-
sion, and sustained hypertension, respectively. Left ven-
tricular mass index, maximal intima-media thickness, and
urinary albumin level in masked hypertension were sig-
nificantly higher than in comrolled hyperiension and
white-coat hypertension, and were similar to those in
sustained hypertension. Multivariate regression analyses
revealed that the presence of masked hypertension was
one of the independent determinants of left ventricular
hyperirophy, carotid atherosclerosis, and albuminuria.

Conclusions: Our findings indicate that masked hy-
pertension 1s associated with advanced target organ dam-
age in ireated hyperiensive patients, comparable o that in
cases of sustained hypertension. Am J Hypertens 2006;
19:880-886 © 2006 American Journal of Hypertension,
Lid.

Key Words: Blood pressure, ambulatory, cardiac hy-
perirophy, atherosclerosis, albuminuria.

everal population-based studies and prospective
clinical studies have shown that ambulatory
blood pressure (BF} is a significant predictor for
cardiovascular morbidity and mortality even after ad-
justment for conventional BP."3 In fact, left ventricular
(LLV} hypertrophy and other end-organ damage are more
closely associated with average BP levels assessed by
24-h ambulatory moenitoring than isolated BP readings
taken in the office.*” There is often a discrepancy be-
tween office and ambulatory BP, and many studies have
evaluated the association between white-coat hyperten-
sion, a normal ambulatory but elevated office BP, and

cardiovascular risk.>” On the other hand, the converse of
white-coat hypertension called “reverse white-coat hyper-
tension,” “white-coat normotension,” or “isolated ambu-
latory hypertension,” e, a high ambulatory but normal
office BP, has received little attention, This phenomenon
is also called “masked hypertension” on the grounds
that the hypertension is not detected by routine methods
in the clinic.® Recent studies indicated that an elevated
ambulatory or home BP despite a normal or well-con-
trolled office BF is associated with poor cardiovascular
prognosis in both untreated and treated hypertensive
patients.”~!! The present study was conducted to verify

”»
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the possible association between masked hypertension and
target organ abnormalities such as LV hypertrophy, ca-
rotid arteriosclerosis, and albuminuria in treated hyperten-
sive patients.

Methods
Subjects

A total of 332 outpatients with treated essential hyperten-
sion (163 men and 169 women; mean age, 66 = 10 years)
were enrolled in the present study. Patients with secondary
hypertension, stroke, ischemic heart disease including
myocardial infarction, congestive heart failure, chronic
glomerulonephritis, nephrotic syndrome, renal failure (se-
rum creatinine =160 pmol/L.), or poorly controlled (fast-
ing plasma glucose =10.0 mmol/L or hemoglobin A,
=8.0%) or insulin-treated diabetes mellitus were excluded
from this study. Diabetes mellitus was diagnosed accord-
ing to the American Diabetes Association criteria, such as
a fasting plasma glucose of =7.0 mmol/L and/or a plasma
glucose level at 2 h after a 75-g oral glucose load of =11.1
mmol/L., or when medication was taken for treatment of
hyperglycemia. A diagnosis of hyperlipidemia required a
serum total cholesterol level of =5.69 mmol/L and/or a
serum triglyceride level of =1.69 mmol/L or the use of
lipid-lowering drugs.

All patients had taken antihypertensive drugs for at
least 1 year (average, 13 years). Of the patients, 237
patients {71%) were treated with Ca channel blockers,
111 (33%) with angiotensin Il receptor blockers, 56
(17%) with angiotensin converting enzyme inhibitors,
106 (32%) with B-blockers, 66 (20%) with diuretics,
and 34 (10%) with other classes of agents. Combination
drug treatments were used in 188 subjects {57%). All
subjects gave their informed consent to participate in the
present study. All procedures of the present study were
carried out in accordance with institutional and national
ethical guidelines for human studies.

Measurement of BP

In each visit, office BP was measured twice by a physician
in a hospital outpatient clinic with the patient in a sitting
position after =20 min of rest, using an appropriate-sized
arm cuff and mercury sphygmomanometer. The first and fifth
Korotkoft sounds were used to identity systolic and diastolic
values, respectively. Office BP was determined by aver-
aging six measurements taken on three separate occasions
during a 3-month period.

In the same study period, all subjects underwent 24-h
ambulatory BP monitoring. BP and heart rate were mea-
sured every 30 min during the day and night by the
oscillometric method using an automatic menitoring de-
vice (TM-2421, A&D Co., Tokyo, Japan).'* Accuracy and
performance of this device have been previously demon-
strated.'® The patients were instructed to continue with
their normal daily activities during measurements and to
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note their activity and location in a diary. According to the
diary, daytime and night-time were determined as the
waking and sleeping periods of the patient, respectively,
and mean values of 24-h, daytime, and night-time BP
(systolic and diastolic) were calculated. We also analyzed
short-term BP variability and circadian BP variation.
Short-term BP variability was calculated as the standard
deviation (SD) of daytime and night-time ambulatory BP
obtained every 30 min. Circadian BP variation was defined
as a nocturnal dipping in BP and calculated as 100 X
{daytime BP — night-time BP) / daytime BP.

In the present study, all subjects were classified into
four groups based on the levels of office and daytime
ambulatory BP, as follows: 1) controlled hypertension (ie,
office BP <140/90 mm Hg and daytime ambulatory BP
<X135/85 mm Hg); 2) white-coat hypertension (ie, isolated
uncontrolled office hypertension, office BP =140/90 mm
Hg, and ambulatory BP <<135/85 mm Hg); 3) masked
hypertension (ie, isolated uncontrolled ambulatory hyper-
tension, office BP <140/90 mm Hg and ambulatory BP
=135/85 mm Hg); and 4) sustained hypertension (ie,
uncontrofled hypertension, office BP = 140/90 mm Hg and
ambulatory BP =135/85 mm Hg).

Echocardiography

A comprehensive two-dimensional echocardiography was
performed uwsing a cardiac ultrasound unit (Sonos 5500,
Philips Medical Systems, Andover, MA) as previously
described.” Echocardiographic parameters were mea-
sured by the consensus of two experienced investigators
who were blinded to the clinical data including office and
ambulatory BP of the subjects. Measurements included
interventricular septal thickness (IVSTd), posterior wall
thickness (PWTd), LV diameter at end-diastole (LVDd),
and LV diameter at end-systole (LVDs). The L'V mass was
estimated using the formula validated by Devereux and
Reichek!'?: LV mass (g) = 1.04 X {(IVSTd + PWTd +
LVDd)* — LVDd®} ~ 13.6. The LV mass was normalized
for body surface area and expressed as the L'V mass index.
The intra- and interobserver coelficients of variation of LV
mass index were 6.7% and 9.8%, respectively.

Carotid Ultrasonography

Ultrasound examinations of both carotid arteries were
performed using a high resolution Duplex scanner {model
SSA-390A, Toshiba, Tokyo, JTapan) with the probe at a
frequency of 7.5 MHz for the B-scan, as previously de-
scribed.’S All measurements were performed by two
trained sonographers who were unaware of the subjects’
clinical data. The carotid arteries were carefully examined
with regard to wall changes from different longitudinal and
transverse views. The common carotid artery, the carotid
bulb, and the internal and external carctid arteries were
studied in all subjects. Each ultrasound image was taken at
the end-diastolic phase. We assessed carotid intima-media
thickness (IMT) and plaques by measuring generally used
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parameters such as conventional IMT and maximal IMT.'®
Conventional IMT was defined as an average of six IMT
approximately 15 mm proximal to the carotid bulb in the
right and left common carotid arteries avoiding discrete
plagues. Maximal IMT was defined as the maximal thick-
ness of intima-media including plaques. Maximal IMT
was assessed from the region branching off from the
brachiocephalic artery (right} or acrta (left) to the bifur-
cation of the common carotid artery. The intra- and inter-
observer coefficients of variation of maximal IMT were
4.2% and 7.9%, respectively.

Biochemical Measurements

Blood samples were obtained in the morning after an
overnight fast. Total cholesterol, triglycerides, fasting
plasma glucose, hemoglobin A, fasting insulin, and se-
rum creatinine levels were determined by standard labo-
ratory measurements. The homeostasis model assessment
{(HOMA) index, a parameter of insulin resistance, was
calculated as fasting plasma glucose X fasting insulin/
22.5. Creatinine clearance was calculated from the
Cockeroft-Gault formula.’” The urinary albumin (U-Alb)
level was measured as the ratio of albumin to creatinine
excretion in the urine and expressed as log,, mg/g Cr.

AJH-September 2006-VOL. 18, NO. 9

Statistical Analysis

Statistical analysis was performed using StatView Version
5 Software (Abacus Concepts, Berkeley, CA). Values are
expressed as the mean = SD. The significance of differ-
ences among the four groups with controlled, white-coat,
masked, and sustained hyperiension was evaluvated by
unpaired ANOVA with subsequent Fisher’s multiple com-
parison test. A stepwise multiple regression analysis was
performed to identify independent determinants of target
organ damage (LV mass index, maximal IMT, and U-Alb
levels). A value of P < .05 was accepted as statistically
significant.

Results

General characteristics of the four subject groups classi-
fied according to certain levels of office BP (<<140/90 or
=140/90 mm Hg) and daytime ambulatory BP (<<135/85
or =135/85 mm Hg) are summarized in Table 1. Of the
patients, 51 (15%), 65 (20%:), 74 (22%), and 142 (43%)
were identified as having controlled hypertension, white-
coat hyperiension, masked hyperiension, and sustained
hyperiension, respectively. Age was youngest and the pro-
portion of men was highest in subjects with masked hy-
pertension. The rate of habitual drinkers was significantly

Table 1. Clinical characteristics and antihypertensive treatment of study patients

Controlied White-coat Masked Sustained
hypertension hypertension hypertension hypertension
Characteristic {n=>51) (n = 65) (n=74) {(n=142)
Age (y) 67 = 8 67 7 63 = 11%¢} 67 = 10%
Sex {male/female) 24/27 23/42 48/26%t 68/74t
Body mass index (kg/m?2) 24 =3 24 £ 3 25+ 4 24 + 3
DPuration of hypertension (y) 19 = 11 20+ 11 17 = 10 18 + 11
Diabetes mellitus {%) 14 23 20 21
Hyperlipidemia (%} 59 72 70 67
Current smoking {%) 16 17 20 18
Habitual drinking (%) 51 46 661 52
Total cholesterol (mmol/L) 5.1 0.6 5.3 0.8 5308 5.3 x0.7
Triglycerides (mmol/L) 1.4 +£0.6 1.3x0.8 1.6 = 0.9% 1.5 = 0.9
Fasting plasma glucose (mmol/L) 57 +1.6 57+ 1.2 5.7+ 1.0 5.8 % 1.0
Hemoglobin A (%) 5.5+ 0.7 57 0.9 55 % 0.6 5708
Fasting insulin {mU/L) 6.0 2.6 6.7 = 4.3 7.4 x45 7.7 £ 117
HOMA index 1.5+ 0.9 1.8+ 1.5 1912 2.0+ 3.1
Creatinine clearance (mL/min) 81 = 26 81 + 23 89 + 36 80 = 26
Antihypertensive treatment
Period of medication (y) 13x9 14 + 10 11 = 9t i3x9
Ca channel blockers (%) 57 74* 76% 73*
AII receptor blockers (%) 41 28 38 31
ACE inhibitors {%) 18 12 15 20
B-Blockers (%) 31 45 31 271
Diuretics (%) 20 23 27 15%
Others (%) 16 5 3 i2
Combination treatment (%) 55 62 68 491
Total number of classes 1.8z 1.0 1.9 0.8 1.9 +0.8 1.8 1.0

ACE = angiotensin-converting enzyme; AIl = angiotensin 1I; HOMA = homeostasis model assessment.

Values are mean % SD or percentage.

* P < .05 v controlled hypertension; t P < .05 v white-coat hypertension; 1 P < .05 v masked hypertension.
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increased in masked hypertension compared with white-coat
hypertension. Body mass index, duration of hypertension, the
prevalence of diabetes mellitus and hyperlipidemia, and the
rate of current smokers did not differ among the four groups.
In addition, there were no intergroup differences in meta-
bolic parameters and renal function, except that triglycer-
ide level was somewhat increased in masked hypertension.

As for antihypertensive treatment, the period of med-
ication was significantly shorter in masked hypertension
than in white-coat hypertension, probably reflecting that
the mean age of the group with masked hypertension
was lowest. The percentage of the use of Ca channel
blockers was significantly higher in white-coat hyperten-
sion, masked hypertension, and sustained hypertension
than in controlled hypertension. The percentage of treat-
ment with S-blockers or diuretics and that of combination
treatment were lower in sustained hypertension than in
white-coat hypertension or masked hypertension. The use
of angiotensin II receptor antagonists or angiotensin-con-
verting enzyme inhibitors and total nomber of classes of
antihypertensive drugs did not differ among the four
groups.

As shown in Table 2, clear differences in office and
ambulatory BP levels were observed among the groups
with controlled, white-ceat, masked, and sustained hyper-
tension. The standard deviations of ambulatory daytime
and night-time BP values were significantly increased in
masked hypertension compared with controlled hyperten-
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sion or white-coat hypertension. The degree of nocturnal
dipping in systolic BP was significantly larger in masked
hypertension than in controlled and white-coat hyperten-
sion,

The LV and carotid arterial structural changes and
U-Alb levels in the four groups are shown in Fig. 1. The
LV mass index (g/m?) was significantly increased in
masked hypertension (134 % 29) than in controlled hy-
pertension (115 =+ 34) and white-coat hypertension (119 *
32). Its level in sustained hypertension (126 * 32) was
significantly higher only compared with that in controlled
hypertension. There was no difference in conventional
IMT among the four groups (data not shown). However,
maximal IMT (mm), which more sensitively reflects
the severity of carotid atherosclerosis than conventional
IMT,'® was significantly greater in masked hypertension
(1,93 = 1.07) than in controlled hypertension (1.61 =
0.67) and white-coat hypertension (1.60 = 0.82). The
level in sustained hypertension (1.6% * 0.92) was not
significantly higher compared with those in controfied and
white-coat hypertension. The patients with masked hyper-
tension tended to have more increased LV mass index and
maximal IMT than those with sustained hypertension (P <
.10, respectively). The U-Alb levels (log,, mg/g Cr) were
significantly higher in masked (1.43 * 0.62) and sustained
hypertension (1.42 = 0.55) than in controlled (1.12 *
0.43) and white-coat hypertension (1,22 = 0.47), and the

Table 2. Office and ambulatory blood pressure (BP), heart rate, and BP variability in study patients

Controlled White-coat Masked Sustained
hypertension hypertension hypertension hypertension
Characteristic {(n=751) {n = 65} (n=74) {n=142)
Office BP (mm Hg)
Systolic 130 + 6 152 + 16%* 130 = 61 155 + 15%%
Diastolic 758 86 = 12* 77 = 7% 88 = 11*%
Ambulatory BP (mm Hg)
24-h Systolic 125 + 7 128 + 9 137 = B*f 144 = 13%4¢
24-h Diastolic 72 7 747 82 = 8%} 83 = 10*t
Daytime systolic 127 £ 6 129 £ 6 142 + 7*F 147 = 14*1¢
Daytime diastolic 736 767 85 + 9%t 86 = i1*t
Night time systolic 120 + 11 121 = 12 129 = 13*%} 137 = 16%t%
Night time diastolic 68 = 8 709 77 * 9*%% 78 = 11*¢
Heart rate {beats/min)
Office 67 + 10 60 £ 9 689 70 £ 9%
24-h 64 = 9 63 + 11 68 + 9%% 68 = 10*t
Daytime 67 = 10 66 = 10 70 = 10% 70 = 11%t
Night time 58 + 8 59 +9 62 + 9%t 62 + 9%4
SD of ambulatory BP (mm Hg)
Daytime systolic 14,2 + 3.5 13,7 £ 2.8 15.0 = 3.81 14.7 + 4,6
Daytime diastolic 9.9 + 3,1 9.5+ 2.7 10.8 = 3.4%t 10.1 = 2.9
Night time systolic 11.6 + 3.4 10.8 = 3.7 12.0 = 3.9¢% 11.4 = 3.3
Night time diastolic 86+273 7.9 + 2.8 9.0 + 2.5t 85+ 2.4
Nocturnal BP dipping (%)
Systolic 5.6 8.1 5.6 + 8.3 8.7 = 7.7*%f 6.7 * 8,6
Diastolic 7.0 £ 8.6 7.6 + 8.4 9.9+ 7.7 8.4 + 8.7

Values are mean = SD,

* P < .05 v controlied hypertension; t P < .05 v white-coat hypertension; $ P < .05 v masked hypertension.
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FIG. 1. Left ventricular (LV) mass index (A), maximal intima-me-
dia thickness {IMT)} {B), and urinary albumin (U-AIb) (log scale, C)
in the four study groups, divided by office and daytime ambulatory
blood pressure levels. Values are given as mean * 5D, *P < .05 v
controlled hypertension; 12 < .05 v white-coat hypertension.

levels in masked hypertension and sustained hypertension
were almost the same.

To identify independent predictors for target organ
changes, we investigated possible determination factors
using a stepwise multiple regression analysis in all sub-
Jjects. Although daytime systolic BP was a strong predictor
for LV mass index, maximal IMT, and U-Alb levels, the
presence of masked hypertension was found to be one of
the independent determinants of these end-organ changes
(Table 3).

Discussion

There have been a few studies reporting the possible
association between masked hypertension and cardiac and

AJH-September 2006-VOL. 19, NO. 9

carotid arterial structural changes in the general popula-
tion. In a cross-sectional study, Liu et al’® found that LV
mass and carotid wall thickness in patients with masked
hypertension were significantly greater than those in true
normotensive subjects and similar to those in patienis with
sustained hypertension. The data from the Pressione Ar-
teriose Monitorate E Loro Associazion: (PAMELA) Study
also showed that LV mass index was increased in un-
treated subjects with isolated ambulatory hypertension and
sustained hypertension than in those with true normoten-
sion.! The present findings were broadly consistent with
these previous observations. Therefore, our study suggests
that a higher level of ambulatory BP largely affects target
organ damage in treated hypertensive patients as well as in
unireated subjects. In the present study, however, the
average levels of 24-h, daytime, and night-time ambula-
tory BP in the masked hypertension group were somewhat
lower than those in the sustained hypertension group. In
addition, the presence of masked hyperlension was a sig-
nificant predictor for end-organ changes, independent of
average daytime BP levels. Thus factors other than a
higher ambulatory BP could contribute to target organ
damage in masked hyperiension. A shorter period of an-
tihypertensive medication might partially explain the ad-
vanced target organ changes in patients with masked
hypertension.

In the present study, 22% of subjects were identified as
having masked hypertension, which was associated with a
higher proportion of men and younger age. These charac-
teristics observed in our study are in agreement with those
of masked hypertension described in other studies.?®*!
Increased physical and mental activities in younger men
are likely o induce the augmentation of daytime BP
variability, which might promote cardiac, carotid arterial,
and renal damage in masked hypertension, because several
studies have shown that short-term BP variability, apart
from average ambulatory BP values, is associated with
target organ damage in hyperiensive patients.zz_25

Two recent large-scale prospective studies revealed that
a high ambulatory or home BP is a powerful predictor for
cardiovascular morbidity in patients with treated hyperten-
sion even when their office BP is well controlled. One
study by Clement et al'® showed that the relative risk of
cardiovascular events associated with a high 24-h ambu-
latory systolic BP (=135 mm Hg) as compared with a low
24-h systolic BP ({135 mm Hg) was 3.19 (unadjusted) or
2.80 (afier adjustment) among patients with an office sys-
tolic BP of <140 mm Hg. In another cohort study by
Bobrie et al,’? the incidences of cardiovascular events in
patients with controlled hypertension (office BP <140/90
mm Hg and home BP <<135/85 mm Hg), elevated BP in
the office but not at home (je, white-coat hypertension),
elevated BP at home but not in the office (ie, masked
hypertension), and uncontrolled hypertension (ie, sus-
tained hypertension) were 11.1, 12.1, 30.6, and 25.6 cases
per 1000 patient-years, respectively. The hazard ratio of
cardiovascular events in the group with masked hyperten-
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Table 3. Independent predictors for target organ damage by multivariate regression analysis
Characteristic B~Coefficient F value P value

LV mass index
Daytime systolic BP 0.270 25.64 <.0001
Sex (male) 0.190 13.53 .0002
Presence of masked hypertension 0.136 6.56 .0101
Daytime heart rate -0.135 6.25 0112
Duration of hypertension 0.119 5.69 0164
Body mass index 0.110 5.22 .0268
SD of daytime systolic BP 0.102 4,76 .0476

R? = 0.240, F = 14.37, P < .0001

Maximum IMT
Age 0.342 37.47 <.0001
Daytime systolic BP 0.233 14.91 .0001
Daytime diastolic BP -0.252 12.51 .0006
Sex (male) 0.184 11.38 .0008
Presence of masked hypertension 0.157 10.04 .0025
Current smoking 0.120 6.09 .0225

R? =0.275, F=12.42, P < .0001

Log U-Alb
Daytime systolic BP 0.237 18.38 <.0001
Use of Ca channel blocker 0.166 8.84 L0035
Creatinine clearance -0.168 8.82 .0030
Period of antihypertensive medication 0.159 7.16 .0067
Presence of diabetes mellitus 0.126 5.08 .0232
Presence of masked hypertension 0.114 4.02 .0421

R? = 0.205, F = 11.77, P < .0001

BP = blood pressure; Ca = calcium; IMT = intima-media thickness; LV = |eft ventricular; SD = standard deviation; U-Alb = urinary albumin.

The stepwise regression model included age, sex, body mass index, duration of hypertension, diabetes mellitus, hyperlipidemia, current
smoking, habitual drinking, creatinine ¢learance, period of antihypertensive medicatien, use of each class of antihypertensive drug (Ca
channel blocker, angiotensin II receptor btocker, angiotensin converting enzyme inhibitor, g-blocker, or diuretic), daytime systolic BP,
daytime diastolic BP, daytime heart rate, SD of daytime systolic BP, SD of daytime diastolic BP, white-coat hypertension, masked hyper-
tension, and sustained hypertension, as possible independent variables.

sion was shown to be greatest among the four subgroups
by an analysis with the multivariable Cox model. Interest-
ingly, our present findings were consistent with these
observations examining the prognostic significance of
masked hypertension in treated hypertensive subjects.
Therefore, the progression of end-organ damage induced
by masked hypertension may lead to the high incidence of
cardiovascular events in such patients.

There were some limitations in our study. The sample
size of our subjects might be relatively small to evaluate
properly the differences in target organ damage among the
four groups of patients. In addition, the present findings
were derived from cross-sectional data on the basis of
one-time examination of ambulatory BP monitoring, car-
diac and carotid ultrasonography, and urinalysis. Thus a
prospective study using larger population of hypertensive
subjects will be required to confirm the influence of
masked hypertension on target organ damage.

All patients in the present study had received anti-
hypertensive medication. As another limitation of this
study, we must therefore consider the possibility that
different classes of antihypertensive drugs may have
differently affected the development of target organ
damage, partly independently of their BP-lowering ef-
fects. Renin-angiotensin system inhibitors, above all,

have been known to have BP fall-independent protective
effects on hypertensive target organ, although the percentage
of patients treated with angiotensin II receptor antagonists or
angiotensin converting enzyme inhibitors did not differ
among the four study groups. Our multivariate analysis
showed that the association of masked hypertension with
larget organ damage was independent of the use of any
class of antihypertensive agent. However, approximately
60% of the present subjects were under combination drug
treatments. In those cases, the possible specific effect of
one or another class of antihypertensive drug could hardly
be account for.

In conclusion, the present study shows that masked
hypertension is associated with increased LV mass, carotid
IMT, and albuminuria in patients with treated essential
hypertension, and that the impact of masked hypertension on
such end-organ changes is greater than that of controlled
hypertension or white-coat hypertension and comparable to
that of sustained hypertension. Masked hypertension as well
as uncontrolled hypertension is a significant risk for target
organ damage in treated hypertensive patients and ambu-
latory BP monitoring seems to be necessary to unmask this
latent risk that is not detectable by routine BP measuring
in the office.
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Strongly Reflects Diastolic Wall Stress
in Patients With Chronic Heart Failure

Comparison Between Systolic and Diastolic Heart Failure
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OBJECTIVES

BACHGROUND

METHODS

RESULTS

CONCLUSIONS

We explored the stimulus for B-type natriuretic peptide {(BNP) secretion in the clinical
setting of heart failure (HF).

Increasingly, plasma BNP levels are being incorporated into the clinical assessment znd
management of systolic heart fature (SHF) as well as diastolic heart failure (DHF). However,
heterogeneity in BNP levels among individuals with HF can cause some confusion in
interpreting resuits.

In 160 consecutive patients presenting with HF, we measured plasma BNP levels and
performed echocardiography and cardiac catheterization. Systolic and diastolic meridional
wall stress was calculated from echocardiographic and hemodynamic data.

Although plasma BNP had a significant correlation (* = 0.296 [p < 0.001]) with left
ventricalar end-diastolic pressure (EDP) as previously reported, the correlation between
plasma BNP and end-diastolic wall stress (EDWS) {r* = 0.887 [p < 0.001]) was more
robust. In a subanalysis of 62 patieats with DHF, z similar result was obtzined (r* = 0.143
for EDP and r* = 0.704 for EDWS). In 2 comparison between SHF and DHF, the BNP
tevel was significantly higher in SHF (p < 0.001). Although EDP did not show any
difference, EDWS was significantly higher in SHF than in DHF (p < ¢.001).

The present study shows that plasma BNP levels refiect left ventricular EDWS more than any
other parameter previously reported, not only in patieats with SHF, but zlso in patients with
DHF. The relationship of left ventricular EDWS to plasma BNP may provide a better
fundamental understanding of the interindividual heterogeneity in BNP levels and their
clinical utility in the diagnosis and management of HF.  (J Am Coll Cardiol 2006,47:742-8)

© 2006 by the American College of Cardiology Fouadation

Plasma B-type natriuretic peptide (BNP) levels are reported
not only to be a strong marker of left ventricular (LV)
dysfunction, but also a marker to predict morbidity and
mortality accurately in patients with chronic heart failure
(HF) (1,2). Recently, BNP-guided therapy for chronic HF

See page 749

has been suggested. Troughton et al. (3) demonstrated that
pharmacotherapy guided by BNP levels reduces cardiovas-
culay events and delays time to fisst cardiovascular event
compared with intensive clinically guided therapy. Recent
reports also demonstrated the contrdbution of L'V diastolic
function to plasma BNP levels and the usefulness of BNP in
the diagnosis of diastolic HF (4).
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However, heterogeneity in BNP levels among individuals
with HF has been recognized, and it has caused some
confusion in interpreting results (5). Previous human studies
have suggested correlations between BNP levels and cardiac
functional or dimensional indexes such as end-diastolic
pressure (EDP), ejection fraction (EF), pulmonary capillary
wedge pressure, and LV volume, none of which sufficiently
explain the heterogeneity (6-9). Therefore, it is essential to
determine the stimulus for BNP secretion in the clinical
setting of HF. In vitro studies have clarified the mechanism
of secretion and regulation of BNP precisely (10). Stretch of
cardiomyocytes is reported to be the most important stim-
ulus of BNP regulation (11). It is also believed that BNP in
humans may be released from the heart in response to
increased wall stress. However, there have been few human
studies exploring a direct relationship between wall stress
and BNP regulation (12). Vanderheyden et al. (13) have
very recently demonstrated, for the first time, in 40 patients
with sortic stenosis (AS), 2 significant correlation of BNP
with LV end-diastolic wall stress (EDWS). In their study,
however, subjects were limited to patients with AS. Hence,
there now is a need for the same assessment in patients
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Abbreviations and Acronyms

AS = gortic stenosis

BNP B-type natriuretic peptide

1§

CHF = congestive heart failure
DHF = disstolic heart failure
EDP = end-diastolic pressure
EDWS = ¢nd-diastolic wall stress
EF = ejection fraction

HF = heart failure

LV = left ventricie/ventricular
LVEDVI = left ventricular end-diastolic volume index

LVMI = left ventricular mass index
SHF = systolic heart failure
SWs = systolic wall stress

with HF of various etiologies. Accordingly, in the present
study, we evaluated plasma BNP levels in 160 consecutive
patients presenting with HF of various etiologies including

diastolic HF.

METHODS

Patients. Among the patients referred to our National
Cardiovascular Center Hospital between October 2003 and
December 2004, we included in this study those admitted
with congestive heart failure (CHF) consecutively. Patients
who did not undergo LV catheterization or had renal
dysfunction (serum creatinine >2.0 mg/dl) were excluded.
A sample of 160 patients was obtained. For all participants,
cardiac catheterization and echocardiograms were per-
formed at a compensated CHF stage (before discharge), and
plasma BNP was measured on the day before cardiac
catheterization. The clinical characteristics of these patients
are listed in Table 1.

Table 1. Patient Characteristics

Iwanaga et al, 743
BNP and LV Wall Stress

BNP assay. Blood was collected into tubes containing
EDTA, and plasma BNP was measured using a validated
and commercially available immunoassay kit (Tosoh Co.
Ltd., Japan).

Cardiac catheterization. Left ventricular pressure was re-
corded with a 5-F pigtail catheter connected to 2 fluid-filled
transducer. Left ventricular volume and EF were deter-
mined with left ventriculography with contrast medium
using Kennedy's formula.

Echocardiography. Echocardiographic examinations were
performed with a Sonos 5500 machine equipped with a
2.5-MHz probe. M-mode images were obtained to measure
left atrial and ventricular dimensions (14). The left ventric-
ular mass index (LVIMI) was estimated from the formula of
Devereux et al. (15). The severity of mitral regurgitation was
quantified on a semicontinuous scale from none (0) to
moderately severe (3+). In patients with sinus rhythm, the
pulsed Doppler transmitral flow velocity was recorded to
measure a ratio of peak mitral E-wave velocity to peak
mitral A-wave velocity (E/A ratio) and the deceleration
time of the mitral E~wave velocity.

On the basis of hemodynarmic and echocardiographic data,
end-diastolic and systolic meridional wall stresses (WS)
were calculated. These were obtained by using the formula:
WS = 0.334 X P(LVID)/WT(1 + WT/LVID}, where
P = LV pressure (i.e., peak systolic pressure or EDP, which
was obtained during cardiac catheterization), LVID = left
ventricular internal dimension, and WT = wall thickness
(16). In the present study, the posterior wall thickness was
used to assess WT regardless of regional wall motion
abnormalities. In the analysis of the interobserver reproduc-
ihility of the posterior wall thickness measurement in 48
patients with CHF, a high degree of the reproducibility was

Fotal SHF DHF p Value

n 160 98 62
Women 31 25 40 0.052
Age, yrs 66.8 = 1.0 663 + 1.3 67.7 2 1.6 0.485
BMI, kg/m? 229+ 03 22.8 £ 0.4 231 = 0.4 0.684
NYHMA functional clags =2 32 37 24 0.138
HT 71 61 87 0.001
DM 35 36 34 0.946
HLP 53 49 58 0.338
AF 18 17 19 0.912
Etiology

DCM 18 30 0

ISCM or OMI 29 44 6

HHD 26 9 53

VHD 26 17 40
Medications

ACEI or ARB 70 77 57 0.013

Beta-blocker 81 54 46 0.397

Diuretics 60 71 42 0.001
BNP, pg/ml 282 * 23 379 % 33 129 * 13 <0.001

Values are mean = SEM or %.

ACE] = angiotensin-converting enzyme inhibitor; AF = atrial fibrillation; ARB = angiotensin receptor blocker; BMI =
body muss index; DCM = dilated cardiomyepathy; DHF = dinstolic heart failure; DM = diabetes mellius; HHD =
hypertensive heart disease; HLP = hyperhipidemia; HT = hypertension; ISCM = ischemic cardiomyopathy; NYHA = New
York Heart Association; OMI = old myocardial infarction; SHF = systolic heart failure; VHD = valvular heart disease.
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Table 2, Echocardiographic and Hemodynamic Parameters

Total SHF DHF

(n = 160} (n =98 {n=62) pVale
F5, % 27 %1 20=x1 g+1 <0.001
LVEDD, mm 571 61x1 Ss0x1 <0.001
LVM], g/m? 166 * 4 179 %35 145+ 6 <0.001
LAD, mm 45 +1 45+ 1 44 1 0.779
E/A 1301 15+02 1.0+ 0.1 0.024
EF, % 415+11 320+09 564x05 <0.001
LVEDVI, mi/m? 064 125 + 15 76x2 <0.001
LVSP, mm Hg 1343 124+ 3 151 + 4 <0.001
LVEDP,mmHg 149%04 150*06 148%05 0.829

Values are mean % SEM.

EF = cjection fraction; E/A = ratio of peak mitral E-wave velocity to peak mitral
A-wave velocity; F8 = fractionzl shortening; LAD = left atrial dimension;
LVEDD = left ventricular end-diastolic dimension; LVEDP = left ventricular
end-diastolic pressure; LVEDVI = left ventricular end-diastolic volume index;
LVMI = jeft venticalar mass index; LVSP = left ventricular peak systolic pressure.
Other abbreviations as in Table 1.
found with an intraclass correlation coefficient value 0.830
(95% confidence interval 0.609 to 0.925), and absclute
difference was small {(mean = SD; 0.01 = 1.16 mm). Also,
adequate M-mode images were not available in three
patients, and they were excluded in the present study.
Statistical analysis. Comparisons between groups were
made using chi-square analysis for proportions and unpaired
Student # tests. for continuous variables. Linearity of a
relationship between two variables was assessed by linear
regression analysis; p < 0.05 was considered significant.
Results were expressed as mean = SEM.

RESULTS

Patient characteristiecs. Clinical characteristics of the
group of 160 patients are summarized in Table 1. Mean age
was 66.8 & 1.0 years (range 20 to 87 years), and 31% of the
patients were women. In all, 98 patients had HF symptoms
with an LV EF of =50%. These comprised the systolic
heart failure group (SHF). The diastolic heart failure group
(DHF) was comprised of 62 patients with preserved systolic
function (LV EF >50%). Mean age and body mass index
did not differ significantly between SHF and DHF groups,
while there was a trend of more female patients in DHF. A
history of hypertension and etiologies of dilated cardiomy-
opathy and ischemic cardiomyopathy/old myocardial infarc-
tion were more prevalent in SHF. Patients with SHF were
more likely to be taking angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers and diuretics.
Geometsic and functional parameters obtained by echo-
cardiography or cardiac catheterization are shown in Table
2. In total patients, mean EF was 41.5 = 1.1% (range 13%
to 669%), and mean LVMI and LV end-diastolic volume
index (LVEDVT) were 166 = 4 g/m? and 106 * 4 mi/m?,
respectively.
Correlations of plasma BNP to echocardiographic and
hemodynamic parameters. Scatter plots of plasma BNP
levels {dependent variable) against some echocardiographic
and hemodynamic parameters (independent) are shown in
Figure 1. There were strong correlations between LV EF,
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LVEDVI or LV end-systolic volume index, or LV EDP
and plasma BNP (coefficient of correlation; r* = 0.325,
0.343, 0.421, and 0.328, respectively). There were weak
correlations with parameters of transmitral Doppler flow
r* = 0201 and 0.101 for E/A and deceleration time,
respectively. In contrast, LVMI and left atrial diameter did
not show significant correlations with BNP levels. Although
LV systolic wall stress (SW5) calculated by echocardio-
graphic and hemodynamic parameters showed a modest
correlation (r? = 0.277), 2 correlation of BNP with LV
EDWS was much more robust (r* = 0.887).

Although age, gender, and atrial fibrillation were not
significantly associated, body mass index (BMI) and New
York Heart Association functional class 211 were associated
with BNP levels (p < 0.001 in both).

Comparison between SHF and DHF. Plasma BNP levels
were significantly higher in SHF than in DHF (median
[interquartile range]; 267 [136 to 583] and 105 [64 to 146]
pg/ml, respectively, p < 0.001); however, EDP levels did
not show any differences as shown in Figure 2 and Table 2.
Other parameters such as SWS§, EDWS, LV end-diastolic
dimension, LVMI, LVEDVI, and LV peak systolic pres-
sure were significantly higher in SHF than in DIF (p <
0.001). Scatter plots in patients with SHT and DHF are
demonstrated in Figures 3A and 3B and Figures 3C and
3D, respectively. End-diastolic wall stress showed a better
correlation with BNP (2 = 0.704) than EDP (+* = 0.143)
in DHF as well as in SHF.

Subanalysis in patients without local wall moticn abnor-
mality. It is conceivable that this estimation of wall stress
did not accurately reflect the entire non-uniform 1LV wall
stress in patients with regional asynergy in LV wall motion
or with variation in segmental LV wall thickness. In the
present study, 83% of patients with ischemic cardiomyopa-
thy or old myocardial infarction and 28% with dilated
cardiomyopathy had regional wall motion abnormalities.
Therefore, a subanalysis was performed for patients without
local wall motion abnormality (n = 105). As a result, an
even stronger correlation was obtained as shown (? =
0.919). A correlation in patients with regional wall motion
abnormality (n = 55) was still strong (r* = 0.820).

DISCUSSION

Heterogeneity of BNP levels among individuals with HF
can cause some confusion in interpreting results. It has been
unclear why some patients with LV EF <35% have BNP
levels in the normal range whereas others exhibit extremely
elevated levels, and why some patients with isolated diastolic
dysfunetion (i.e., with normal EF) show a similar increase of
plasma BNP as do the patients with severe systolic dysfunc-
tion. One of the answers to the question has been the
change of EDP levels in the LV (6). Another recent report
has demonstrated that hererogeneity of BNP levels in
patients with systolic HF reflects the severity of diastolic
abnormality, right ventricular function, and mitral regurgi-

—250—



JACC Vol, 47, No. 4, 20
February 21, 2006:742-

4]
8

#=0.325, P<0.001

[a}

~200 ATy
¢ 10 20 30 40 50 60 70 80
EF (%)
2200
?ggg o r¥=0.277, P<0.001

100 200 300 400 500 600
SWS (kdynes/cm?)

=

BNP (pg/ml)

i

BNP (pg/mi)

22007
2000
18007
1600+
14001
1200+
1000+
800+
6004
4004
2004
0_

lwanaga et al. 745

BNP and LV Wall Stress

r?=0.328, P<0.00] o

-200

22001
2000
18007
1600
1400
1200
1000
800 1
6001
400 1
2001

S 10 15 20 25 30 35 40
EDP (mmHg)

r’=0.887, P<0.001

-200
0

T T T T T

20 40 60 80 100 120 140 160
EDWS (kdynes/cm?)

Figure 1. Correlation between B-type natriuretic peptide (BNP) and left ventricular functional parametess in all 160 patients. (A} Left ventricular ejection
fraction (EF) (%6). (B) End-diastolic pressure (EDP} (mm Hg). (C) Ead-systolic wall stress (SWS) {(kdynes/cm?). (D) End-diastolic wall stress (EDWS)
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tation in addition to LV EF, age, and renal function (7).
The present study demonstrates the significance of LV
EDWS in the regulation of BNP in patients with HF in
general. This was true not only in patients with SHF but
also with DHF. Although correlation analysis suggested a
relationship between other parameters of LV geometry and
function including EDP and plasma BNP levels, the corre-
lation between LV EDWS and BNP was the most robust
(r* = 0.887). Many studies including ours have shown that
BNP levels correlate well with changes in filling pressures
during tailored therapy (6,17), while O'Neill et al. (18)
recently reported that plasma BNP might not correlate
closely with changes in intracardiac filling pressures. In any
case, plasma BNP levels are not uniform zeross different
patients with the same LVEDP (i.e., interindividual heter-
ogeneity), and this may be because BNP is determined more
by EDWS than by filling pressure. Left ventricular EDWS
might account for the wide variations that they observed in
patients with HE.

The present result suggests that LV EDWS may regulate
BNP secretion in humans. Indeed, experiments using cul-
tured neonatal rat ventricular cells showed that cardiac
myocytes are able to respond to mechanical stretch by
mncreasing BNP secretion and gene expression (11). Wiese
et al. (19}, using isolated human myocardium, have also

demonstrated that, while the isometric contraction mode
did not have any influence on BNP expression, diastolic
overstretch increased BINP gene expression in 2 time-
dependent manner. This imples that diastolic stretch (i.e.,
preload rather than afterioad) seems to be the mechanical
factor responsible for the induction of BNP expression and
may be the reason that in the present study LV EDWS
shows a better correlation with the plasma BNP levels than
does LV SWS. Furthermore, in vitro studies have impli-
cated the contributions of local paracrine and autocrine
factors in the stretch-induced BNP activation (11). Local
angiotensin II was shown to play a critical role in the
development of stretch-induced cardiac hypertrophy and to
at least partly regulate mechanical load-induced BNP ex-
pression. Recently, in addition to stimuli such as myocyte
stretching and neurohumoral activation, acute myocardial
hypoxia has been reported to increase cardiac BNP gene
transcription and raise the plasma proBNP concentration in
an animal stdy (20). This mechanism may explain the
increase in plasma BNP in patients with acute coronary
syndromes and myocardial infarction (21). In the present
study, because such patients with acute ischemia were not
included, the correlation between LV EDWS and plasma
BNP might actuaily be stronger.
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Myocardial wall stress is one of the primary determinants
of myocardial oxygen consumption (22). Cardiac decom-
pensation is thought to result when the feedback loop that
normalizes wall stress to abnormal loading of the heart
dysfunctions. The increased wall stress may act directly or
indirectly via cellular mediators such as angiotensin, endo-
thelin, inflammatory cytokines, reactive oxygen species, and
matrix metalloproteinase to orchestrate a variety of molec-
ular and cellular remodeling events determining the struc-
tural and functional properties of the myocardium and,
ultimately, the rate of disease progression (23-27). There-
fore, usefulness of plasma BNP levels in predicting morbid-
ity and mortality accurately in patients with chronic HF may
be explained by the relationship between the LV EDWS
and BNP. Many other factors, such as age, gender, body
mass, genetics, ete., are also known to affect plasma BNP
levels. However, the demonstration of the link between the
hemodynamics (LY EDWS) and neurohormonal factor
(BNP) may support the usefulness of BNP-guided treat-
ment of HF. Although more randomized studies are
needed, pharmacotherapy guided by BINP levels is intrigu-
ing and promising (3).

There are several methods to estimate the wall stress, and
we used a formula based on M-mode echocardiographic
variables {16). This method may have several limitations.
For example, when there is regional asynergy in LV wall
motion and variation in local LV wall thickness, the
estimate may not reflect the entire non-uniform LV wall
stress correctly. To test this possibility, we analyzed the data
of the patients without LV. asynergy demonstrated by
echocardiogram and LV ventriculography. We cbtained an
even better correlation. Interestingly, z correlation in pa-
tients with a local wall motion abnormality was still strong
(r* = 0.820). There are several other limitations to our
study. Echocardiography and blood sampling were typically
performed the day before cardiac catheterization. This time
lag could have influenced the resuits. A further limitation is
that the study population was composed of the patients who
were in stable condition and could tolerate LV cardiac
catheterization; thus, patients who could not bear cardiac
catheterization (e.g., patients with New York Heart Asso-
ciation functional class IV HF) were excluded.

In the present study, we demonstrated that plasma BNP
levels strongly reflect EDWS in the L.V more than any other
parameter previously reperted. In addition, EDWS accun-
rately accounts for the increase in plasma BNP levels even in
patients with diastolic HE. The relationship of LV EDWS
to plasma BNP may give a better understanding to the
interindividual heterogeneity of plasma BNP levels and its
clinical utility in the diagnosis and management of HF.

Reprint requests and correspondence: Dr. Yoshitaka Iwanaga,
Department of Cardiovascular Medicine, Kyoto University Grad-
uate School of Medicine, 54 Shogoinn-kawaharacho, Kyoto 606-
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Aims Vascular endothelium is a major organ invoived in hyperglycaemia and is affected by plasma asym-
metric dimethylarginine (ADMA). ADMA is an endogenous, competitive inhibitor of nitric oxide synthase
and is induced by inflammatory cytolines of tumour necrosis factor (TNF)-« in vitro. We hypothesized
that a tight glycaemic controi may restore endothelial function in patients with type-2 diabetes mellitus
(DM}, in association with modulation of TNF-« and/or reduction of ADMA Llevel.

Methods and results In 24 patients with type-2 DM, the flow-mediated, endothelium-dependent dilation
(FMD: %} of brachial arteries during reactive hyperaemia was determined by a high-resolution ultrasound
method. Bloed samples for glucose, cholesterol, TNF-«, and ADMA analyses were also collected from
these patients after fasting. No significant glycaemic or FMD changes were observed in 10 patients
receiving the conventional therapy. In 14 patients who were hospitalized and intensively treated,
there was a significant decrease in glucose level after the treatment {from 190 + 55 to 117 + 21
{mean + 5D} mg/dl, P < 0.01]. After the intensive control of glucose level, FMD increased significantly
(from 2.5 + 0.9 to 7.2 + 3.0%), accompanied by a significant (P < 0.01) decrease in TNF-u (from
29416 to 11+ 9pe/dl) and ADMA (from 4.8 4+ 1.5 to 3.5 & 1.1 pM/L) levels. The changes in
FMD after treatment correlated inversely with those in TNF-« (R= ~0.711, P < 0.01) and ADMA
(R=~-0.717, P < 0.01} levels.

Conclusion The intensive correction of hyperglycaemia is associated with the improvement of endo-
theiial function, which is coupled with the decrease in the levels of reduction of plasma TNF-« and
ADMA in patients with type-2 DM. A strict slycaemic control may exert anti-cytokine and anti-
atherogenic effects and may therefore be pathophysiclogically important.

decreases the occurrence of macrovascular complications.”

Cardiovascular disease is the major cause of morbidity and
mortality in patients with type-Z diabetes mellitus (DM),’
in whom hyperglycaemia is one of the main metabolic
abnormatities.? Blood glucose control occupies the centre
stage in DM management.® A recent controtled trial, i.e.
the United Kingdom Prospective Diabetes Study (UKPDS),
suggested that an intensive glucose-lowering treatment

* Corresponding author. Tel: 481 22 717 7153; fax: +B1 27 717 71506.
E-mail address: syasuda@cardio.med. tohoku.ac.jp
" Present address: Department of Cardiovascular Medicine, Tehoku
Universily Graduate School of Medicing, 1-1 Seiryomachi, Aobakuy, Sendai
9B80-8574, Japarn.

However, the exact roles of hyperglycaemia and glycaemic
controt in cardiovascular complications remain to be deter-
mined in patients with type-2 DM.

Previous studies demonstrated that acute hyperglycaemia
impairs endothelium-dependent vasoditation in healthy sub-
jects™® and further depresses it in patients with type-2 DM.°
These findings indicate a possible link between glucose level
and endothelial function in humans. Endothelial dysfunction
is an important phenomenon in the pathogenesis of athero-
sclerosis’ and is refated to the derangements of nitric oxide
{NO) synthase in the vessel wall.® Asymmetric dimethylargi-
nine (ADMA) is an endogenous, competitive inhibitor of NG
synthase.” Its concentration is increased by tumour necrosis

€ The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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factor-o {TNF-w),’® which is implicated as an important
factor in the pathogenesis of type-2 DM."

Thus, the present study was designed to investigate
whether an intensive therapy of hyperglycaemia may
improve endothelial function in association with the modu-
lation of the cytokines and/or decrease in plasma ADMA
level in patients with type-2 DM.

Methods
Study patients

The study protocol was approved by the Institutional Review
board, and all these patients gave their written informed
consent to participate in the study. Type-2 DM was defined accord-
ing to the criteria of the Diagnesis and Classification of Diabetes
Meltitus.™ Between May 1999 and June 2000, type-2 DM patients
with poor glycaemic control [fasting blood glucose =200 mg/dL
and/or haemoglobin A-3IC (Hb A-1C) >9%1 were recruited for
intensive treatment of hyperglycaemia during hospitalization.
Twenty-four patients were initially assessed for inclusion in the
study. Among them, 14 patients [nine men and five women,
mean age 614+ 12 (50} years] gave their consent and were
admitted to the Hospital of the National Cardiovascular Center
{intensive treatment group). The remaining 10 patients [seven
men and three women, mean age 63 £ 15 (5D) years], who
refused to be hospitalized and were obliged to keep conventional
{non-intensive} diabetes treaiment, served as the control group in
the present study.

All the patients underwent history screening, physical examin-
ation, and laboratory analysis, inciuding a complete blood count:
the levels of plasma electrolyte, glucose, insulin, Hb A-1C, blood
urea nitrogen, creatinine, transaminases and urinary protein
levels, and lipid profite. Moreover, the patients were assessed
for the presence of diabetic complication, i.e. retincpathy, neurc-
pathy, nephropathy, a history of myocardial infarction, and the
presence of .angina pectoris and arteriosclerosis obliterans.
Patients with nephrotic-range proteinuria, thyroid disease, appar-
ent infections, or haematologic, hepatic, or renal disease were
excluded from the study. Before admission, five patients had
been receiving angiotensin-converting enzyme inhibitors for hyper-
tension and five patients receiving statin for hyperlipidaemia for
over 6 months. These medications were not changed throughout
the study period. In addition, no new drugs other than insulin or
oral hypoglycaemic agents were administered to any of these
patients.

Study design

On admission, following ar overnight fasting, a non-invasive assess-
ment of brachial arterial vasoreactivity in response to reactive
hyperaemia or nitroglycerin was performed with blood sampling
for the determination of the levels of glucose, insulin, Hb A-1C,
total cholesterol, triglyceride, HDL cholesterol, LDL cholesterct,
TNF-ur, and ADMA in the plasma. We also measured plasma hepato-
cyte growth factor (HGF) level. The HGF may protect against
endothefial dysfunction, and its production is suppressed by high
giucose levels.'® Body mass index (BMI) was calculated using
the formula BMI = weight (kg)/height? {m?}. All measurements
were repeated after ~1 month of intensive treatment for
hyperglycaemia.

The intensive therapy was aimed at maintaining normal fasting
glucose  (80-115mg/dl) and pre-prandial blood glucose
(= 130 mg/dL) levels. Throughout the study, the patients followed
a 1200-1300 Kcal diet regimen of 60-65g of protein, 30-35g of
fat, and 160-170 g of carbohydrates. The level of dietary choles-
terol was 350g/day. The dose of oral anti-diabetic drugs was
adjusted accordingly and/or insulin therapy was administered to

improve glycaemic control. The patients were examined once or
twice a week over a 4-5-week period of blood glucose monitoring.
MNone of the patients experienced a hypoglycaemic reaction during
the study.

Brachial artery ultrasound

Flow-mediated, endothelium-dependent vasodilation (FMD)
following reactive hyperaemia and endothelium-independent
nitroglycerin-induced vasodilation of the brachial artery were
assessed using a high-resolution ultrasound machine {System Five,
General Electronics) equipped with a2 7.5 MHz linear array transdu-
cer.b After a 10min rest in a temperature-controlled room
{22-23 (), the diameter of the right brachial artery and baseline
forearm flow velocity were measured. Increased forearrn blood
flow was induced by the inflation of a blgod pressure cuff placed
around the forearm to 200 mmHg or to a pressure of 50mmHg’
greater than the systolic blood pressure. This was followed by
deflation (RD2 Cuff Deflator, Hokanson Inc., Bellevue, WA, USA)
after 53 min. Repeated blood flow scans were obtained to measure
the diameter of the brachiai artery. After 15 min of vessel recup-
eration, a repeated measurement of the diameter of the resting
brachial artery and repeated blocd flow scans were cbtained.
Sublingual nitroglycerin (0.4 mg) was administered, and then final
scans were obtained after 3 min. Throughout the study, a single
lead electrocardiogram was cobtained, and blood pressure was
measured in the left arm every Zmin by an automated blood
pressure recorder.

Ultrasound images were recorded on an 5-VHS videccassette
recorder. Depth and gain settings were used to optimize the
images of the tumen-arterial wall interface. Vessel diameter was
measured in triplicate at end diastole, from the anterior to the
posterior interface between the media and the adventitia. Flow-
mediated vasodilation was calculated as the ratio of brachial
artery diameter after reactive hyperaemia to baseline diameter
and expressed as a per cent increase. Nitroglycerin-mediated vaso-
dilation was calculated in an analogous manner. Volumetric flow
rate was calculated by multiplying the time velocity integral of
the angle (~70)-corrected Doppler flow signal by the heart rate
and the vessel cross-sectional area. Changes in blood flow were
expressed as the percentages of the resting flow measurements.
All measurements were performed with the observers blind to
patient information and study date. Using this methedology and
analysis, the intra- and inter-observer variabilities in brachial
artery diameter were 0.03 +0.02 (mean + 5D} and 0.06 +
0.02 mm, respectively, and the variability in FMD performed or
two different days was 1.4 + 0.5%.

l.aboratory measurements

Fasting plasma glucose level was measured by the glucose oxidase
method and Hb A-1C level was measured by autornated high-
performance tiquid chromatography. Insulin level was measured by
the conventional radicimmuncassay. To assess insulin resistance,
we used the following homeostasis model assessment (HOMA}
parameters: HOMA-R = {fasting blood glucose (mg/dL} x fasting
insulin {uU/mL)}/405.

Total cholesterel, triglyceride, and HDL cholesterol levels were
determined as described previousty.'® LDL cholesteral level was
calculated using the Friedewald equation.’®

TNF-u and HGF levels were determined by enzyme-linked
immuncsorbent assay (Otsuka Pharmaceutical Co., Tokushima,
Japan). The detection limits of these methods are 2 pe/ml for
TNF-o and 0.1 ng/mb fer HGF The intra- and inter-assay
coefficients of variation were both --7% for the enzyme-linked
immunosorbent assay.

Plasma ADMA concentratich was measured using high-
perfermance liquid chromatography with pre-column derivatiza-
tion, as previousty described."” In brief, equilibrated CBA columns
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