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Blunted Reduction of Pulse Pressure during Nighttime Is
Associated with Left Ventricular Hypertrophy in
Elderly Hypertensive Patients

Takashi IIDA, Isao KOHNOQO, Daisuke FUJIOKA, Yoshihide ICHIGI, Ken-ichi KAWABATA,
Jun-et OBATA, Mitsuru OSADA, Hajime TAKANO, Ken UMETANI, and Kiyotaka KUGIYAMA

Increased pulse pressure {PP} Is recognized as a risk factor for cardiovascular disease, especlally in elderly
patients. However, blood pressure (BP) Is known to have a circadian variation. Therefore, this study asked
whether or not PP has a circadian variation and, if so, whether a circadian variation of PP has clinical impor-
tance. Ambulatory BP monitoring (every 30 min for 48 h) was performed in 255 patients with untreated es-
sential hypertension (24 to 82 years old; mean: 52 £12 years). Left ventricular mass index (LVMI) was esti-
mated from M-mode echocardiography. PP was decreased during nighttime (10£11% reduction from day-
time PP). Multivariate linear regression analysis showed that, among four variables—the degree of nighttime
PP reduction, daytime PP, 48-h systolic BP, and nondipper hypertension—the degree of nighttime PP reduc-
tion had the strongest (Inverse) correfation with LVMI In a subgroup of elderly patients (260 years old, n=
67) (standardized regression coefficient=—0.32, p=0.02), whereas this association was not significant in the
whole patient population unclassified by age. Furthermore, a blunted reduction of nighttime PP in combina-
tion with nondipper hypertension was an Incremental risk for increase in LVMI in the elderly patients. in con-
clusion, PP is reduced during nighttime, but the degree of reduction varies among patients. The blunted re-
duection of nighttime PP is a risk for left ventricular hypertrophy, an established predictor of hypertension-in-
duced cardiovascular events, and it may thus play a rale in cardiovascular complications, especially in el-
derly patients with nondipper hypertension. (Hypertens Res 2004; 27: 573-579)

Key Words: blood pressure, hypertension, hypertrophy

Introduction

Hypertension is the most prevalent cardiovascular disease
and causes various cardiovascular complications. Recently,
increased pulse pressure (PP) was shown to be a risk factor
for cardiovascular disease, especially in elderly patients ().

The association between PP and cardiovascular diseases is
thought to be independent of systolic and diastolic blood
pressure (SBP and DBP, respectively).

Mean ambulatory PP correlates with organ damage more
closely than does office PP (2). It is known that blood pres-
sure (BP) rises during the day and decreases during night-
time (3), although the magnitude of fluctuation varies among
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Table 1. Clinical Characteristics of Study Patients

<60 years =60 years
(n=188) (n=67)
Sex (% men) 55 52
Age (years) 4749 686"
BMI (kg/m?) 25+3 233
Smoker (%) 44 35
Diabetes mellitus (%) 10 3
Total cholesterol (mg/dl) 208+41 208+41
HDL cholesterol (mg/dl) 56+16 57x15
Triglyceride (mg/dl) 15295 1244+63%
Serum creatinine (mg/dl) 0.681+0.19  0.74+0.21*%
Hemoglobine Alc (%) 53407 5.440.4
LVMI (g/m?) 121433 132354
SV (ml) 71%16 68+19
Office pulse rate (bpm) 7119 7149
Office BP (mmHg)
Systolic 16018 16016
Diastolic 100110 02 EO#
Pulse pressure 59+14 68115

Values represent % of total or meantSD. * p<0.05, ** p<0.01
compared with <60 years old patients. BMI, body mass index;
HDL, high-density lipoprotein; LVMI, left ventricular mass in-
dex; SV, stroke volumne; BP, blood pressure.

individual cases. Previous studies (4-6) have demonstrated
that hypertensive target organ damage—including left ven-
tricular hypertrophy (LVH)—is frequent in nondipper hyper-
tension, a decreased fall in nighttime BP. It is well-known
that LVH is causally related to high BP and represents hy-
pertensive target organ damage (7). This study, therefore, in-
vestigated a possible circadian change in PP and its relation
to LVH in 255 patients with untreated essential hyperten-
sion.

Methods

Study Subjects

The study population consisted of 255 consecutive patients
with essential hypertension. All of these patients were un-
treated for hypertension and visited Yamanashi University
Hospital. Hypertension was defined according to the Sixth
Report of the Joint National Committee on the Prevention,
Detection, Evaluation, and Treatment of High Blood Pres-
sure (JINC-VI) criteria (7). All patients fulfilled the following
inclusion criteria: the averaged values of two or more BP
measurements obtained on at least two separate occasions
were = 140mmHg SBP or 290 mmHg DBP, with waking
ambulatory BP measurements 2 135/85mmHg or sleeping
ambulatory BP measurements 2 120/75 mmHg. None of the
patients had secondary hypertension, congestive heart fail-
ure, previous myocardial infarction, cardiomyopathy, valvu-

lar heart diseases, previous stroke, or serum creatinine con-
centration >1.5mg/dl. Diabetes mellitus was diagnosed
when the random glucose level was 2200 mg/dl, or when the
hemoglobin Alc was 26.5%, or when the patient was treated
by dietary restrictions, oral hypoglycemics, or insulin.
Smoking was defined as >10 cigarettes per day for >1 year.
Patients’ characteristics are shown in Table 1. Wriitten in-
formed consent was obtained from all patients prior to com-
mencement of the study. The study protocol was approved
by the Ethics Committee of the University of Yamanashi.

Ambulatory BP Measurements

SBP, DBP, PP, and heart rate (HR) during daily activities
were measured every 30min for 48h by the oscillometric
method, using a noninvasive ambulatory BP monitoring sys-
tem (TM-2425; A&D, Tokyo, Japan) (8). The daytime and
nighttime mean values of SBP, DRP, PP, and HR during the
48-h period were analyzed by reviewing the patients’ diaries.
We defined daytime as the period from the time the patients
awoke to the time they went to sleep, and nighttime as the
period during which they were sleeping. The daytime and
nighttime SBP, DBP, PP, and HR were the averages of the
respective values over the 2 days of monitoring. Dipper
hypertension was defined by the presence of a fall (210%)
in the mean nighttime SBP and DBP from the respective
daytime values. Nondipper hypertension was defined by the
absence of the fall (=10%) in the mean nighttime SBP,
and/or in the mean nighttime DBP, The percent reduction of
nighttime PP from daytime PP was calculated as (daytime
mean PP —nighttime mean PP) X 100 / (daytime mean PP).

Echocardiography

We performed echocardiography using a 2.5 MHz transduc-
er with a Sonos-5500 echocardiographic unit (Hewlett
Packard, Andover, USA). Left ventricular mass (LVM) and
stroke volume (8V) were estimated from M-mode echocar-
diography (8). The LVM index (LVMI) was defined as LVM
divided by body surface area (BSA). All echocardiographic
studies were performed by physicians unaware of the pa-
tients’ clinical data.

Statistical Analysis

Results are expressed as the meantSD. The mean values
and frequencies of continuous variables were compared be-
tween the 2 groups using the unpaired z-test and y? analysis,
respectively. Comparison between more than 3 groups was
performed using one-way ANOVA. Analyses for the associ-
ations were performed using a linear regression technique.
Nondipper hypertension, 48-h SBP, and daytime PP, which
have ftraditionally been considered to be risk factors for
LVH, were included as independent covariables in a raulti-
variate linear regression analysis for the association between
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Nonblunted reduction of nighitime PP

70
v 60
=
2
2 50
&
2
3 a0

30

14:00 00:00 12:00 00:00 12:00
Time
Blunted reduction of nighttime PP
mmHg

70
o 60
5
v
gso
2
a 40

30

14:00 00:00 12:00 00:00 12:00
Time

Fig. 1. Circadian changes in pulse pressure during 48-h
ambulatory blood pressure monitoring. The upper panel
shows the circadian changes in pulse pressure from 20 rep-
resentative patients with nonblunted reduction of nighttime
pulse pressure. The lower panel shows the data from 20 rep-
resentative patients with blunted reduction of nighttime pulse
pressure. Data are shown as the meant SD.

LVMI as a dependent variable and percent reduction of
nighttime PP as an independent variable. The circadian vari-
ation of BP was coded by the following dummy variables: 0
for dipper hypertension; or 1 for nondipper hypertension. A
confidence level of p<0.05 was considered statistically sig-
nificant. Analyses were partially assessed using StatView 5.0
(BAS Institute, Cary, USA).

Results

Circadian Changes of PP

In all patients, PP was not constant throughout either day or
night, but, in a majority of patients, there was a circadian
fluctuation of PP (ie., a reduction during nighttime), as
shown in Fig. 1. The percent reduction of nighttime PP from
daytime PP reached up to 40% with a mean of 10£11% of
the daytime PP. The percent reduction of nighttime PP from
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Table 2. Relation of % Reduction of Nighttime Pulse Pressure
to Clinical Parameters in the Whole Patient Population
Unclassified by Age

r r
Age —0.11 0.09
Body mass index —0.04 0.52
Total cholesterol —0.02 0.82
HDL cholesterol 0.06 0.72
Left ventricular mass index —0.11 0.07
Stroke volume —0.25 0.48
Office BP
Systolic —0.07 0.22
Diastolic 0.05 0.48
Pulse pressure —0.12 0.049
Ambulatory BP
Systolic 48 h mean —0.18 0.003
Daytime 0.05 0.44
Nighttime —0.55 <0.001
Diastolic 48 h mean —0.03 0.57
Daytime 0.07 0.28
Nighttime —0.24 <0.001
Pulse pressure 48 h mean —0.25 <0.001
Daytime —0.04 0.93
Nighttime —0.63 <0.001

HDL, high-density lipoprotein; BP, blood pressure.

daytime PP had a significant and inverse relation with 48-h
SBP, nighttime SBP, nighttime DBP, 48-h PP, and nighttime
PP, as shown in Table 2. It was significantly lower in those
with nondipper hypertension than those with dipper hyper-
tension (% reduction from daytime PP: 31+9% in nondippers
[n=114] vs. 1618% in dippers [#=141], respectively,
p<0.01). The percent reduction of nighttime PP had no sig-
nificant relation with serum levels of total cholesterol or
high-density lipoprotein cholesterol, as shown in Table 2.
The percent reduction of nighttime PP was comparable be-
tween patients with and without diabetes (data not shown).

Association of Nighttime PP Reduction with LVMI

The percent reduction of nighttime PP from daytime PP had
a significant and inverse relation to LVMI in a subgroup of
elderly hypertensive patients (=60 years), as shown in Fig. 2
and in Table 3, whereas this relation was not significant in
either the whole patient population unclassified by age or a
subgroup of non-elderly hypertensive patients (<60 years),
as shown in Tables 2 and 3. Daytime PP and 48-h SBP also
had a significant and positive relation with LVMI in the el-
derly patients (»=0.33, p=0.004 and »=0.31, p=0.007, re-
spectively) in univariate linear regression analyses. Further,
nondippers had a greater L VMI than dippers (139136 g/m?
vs. 121131 g/m?, respectively, p=0.04) in the elderly hy-
pertensive patients. However, multivariate regression analy-
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Table 3. Comparisons of Relation of % Reduction of Nighttime Pulse Pressure to Clinical Parameters between the Elderly

Patients (= 60 Years) and the Non-Elderly Patients (<60 Years)

<60 years 260 years
r P v 14
Age —0.01 0.87 —0.16 0.20
Body mass index —0.06 0.41 ~0.13 0.31
Total cholesterol —0.04 0.58 0.08 0.52
HDL cholesterol 0.05 0.61 0.16 0.31
Left ventricular mass index —0.01 0.86 —0.39 0.009
Stroke volume —0.04 0.59 —0.10 0.40
Office BP
Systolic —0.04 0.61 —0.23 0.06
Diastolic 0.03 0.67 —0.16 0.43
Pulse pressure —0.07 0.33 —0.20 0.11
Ambulatory BP
Systolic 48 hmean —0.15 0.04 —0.34 0.004
Daytime 0.09 0.22 —0.16 0.20
Nighttime —0.54 <0.001 —0.58 <0.001
Diastolic 48 hmean 0.04 0.38 —0.14 0.25
Daytime —0.06 0.38 —0.06 0.61
Nighttime —0.25 <(.001 —0.26 0.03
Pulse pressure 48 h mean —0.20 0.007 —0.36 0.003
Daytime 0.07 0.37 —0.17 0.18
Nighttime —0.62 <0.001 —0.65 <0.001
Heart rate 48 hmean 0.09 0.22 0.08 0.51
Daytime 0.14 0.06 0.09 0.47
Nighttime —0.03 0.64 0.12 0.92

HDL, high-density lipoprotein; BP, blood pressure.
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Fig. 2. Correlation between the percent reduction of night-
time pulse pressure (PP) and left ventricular mass index in
elderly hypertensive patients.

sis showed that, among four variables—the percent reduc-
tion of nighttime PP, daytime PP, 48-h SBP, and nondipper
hypertension—only the percent reduction of nighttime PP

Table 4. Multivariate Linear Regression Analysis for
Assaciation of Left Ventricular Mass Index with Parameters
Related to Blood Pressure in the Elderly Patients

Standardized regression
coefficients
% reduction of nighttime PP —0.32 0.02
Daytime PP 0.39 0.03
48 h mean SBP 0.14 0.46
Nondipper hypertension 0.16 0.38

PP, pulse pressure; SBP, systolic blood pressure.

and daytime PP remained significantly correlated with LVMI
in the elderly patients, as shown in Table 4. And the percent
reduction of nighttime PP had the strongest (inverse) associ-
ation with LVMI.

Bluted reduction of nighttime PP (<7% reduction of
nighttime PP from daytime PP, with 7.0% corresponding to
the median value of the % reduction of nighttime PP in the
elderly patients) in combination with nondipper hypertension
or higher daytime PP (>60 mmHg, corresponding to the me-
dian value of the daytime PP in the elderly patients) con-
ferred an incremental risk of increase in LVMI in the elderly
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Fig. 2. Correlation between the percent reduction of right-
time pulse pressure (PP) and left ventvicular mass index in
elderly hypertensive patients.

sis showed that, among four variables—the percent reduc-
tion of nighttime PP, daytime PP, 48-h SBP, and nondipper
hypertension—only the percent reduction of nighttime PP

Table 4. Multivariate Linear Regression Analysis for
Association of Left Ventricular Mass Index with Parameters
Related to Blood Pressure in the Elderly Patients

Standardized regression

coefficients
% reduction of nighttime PP —0.32 0.02
Daytime PP 0.39 0.03
48 h mean SBP 0.14 0.46
Nondipper hypertension 0.16 0.38

PP, pulse pressure; SBP, systolic blood pressure.

and daytime PP remained significantly correlated with LVMI
in the elderly patients, as shown in Table 4. And the percent
reduction of nighttime PP had the strongest (inverse) associ-
ation with LVMI.

Blunted reduction of nighttime PP (<7% reduction of
nighttime PP from daytime PP, with 7.0% corresponding to
the median value of the % reduction of nighttime PP in the
elderly patients) in combination with nondipper hypertension
or higher daytime PP (>60 mmHg, corresponding to the me-
dian value of the daytime PP in the elderly patients) con-
ferred an incremental risk of increase in L VMI int the elderly
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(PP} and nondipper hypertension (vight panel) or higher daytime PP (left panel). Blunted reduction of nighttime PP was defined
as less than 7.0% reduction in nighttime PP with respect to daytime PP, with 7.0% corresponding to the median value in the
elderly patients. Higher PP during daytime was defined as daytime PP exceeding 60mmHg, which corresponds to the median
value in the elderly patients. Slatistical analyses were performed with ANOVA.

Table 5. Comparisons of Variables of Amburatoly BP
Measurments beiween Eldery Patients with and without
Blunted Redudtion of Nighttime PP

% reduction of nighttime PP

27% (n=33) <T% (n=34)

Systolic BP

48 h mean 140+10 1471+13%

Daytime 148 +10 15013

Nighttime 127+12 140 +16%*
Diastolic BP

48 h mean 83 6 84+9

Daytime 8616 88 tg

Nighttime 75+7 7810
PP

48 h mean 5819 621+8*

Daytime 6119 63+8

Nighttime 5249 6219%

Values are meantSD. ¥#p<0.05, *¥p<0.01 compared with
2 7% reduction of nighttime PP. BP, blood pressure; PP, pulse
pressure.

patients, as shown in Fig. 3.

Comparisons of Ambulatory BP Measurements be-
tween Elderly Patients with and without Blunted Re-
duction of Nighttime PP

The elderly patients with <7% reduction of nighttime PP had

& in BP

Decreas

> 7% <7

% Reductlon of Nighttime PP

Fig, 4. Comparisons of decreases in systokic and diastolic
BP from daytime to nighttime in elderly patients.

higher 48-h SBP, nighttime SBP, 48-h PP, and nighttime PP,
and similar levels of DBP parameters as compared with
those with 2 7% reduction of nightfime PP, as shown in
Table 5. The extent of decrease in SBP was greater than that
of DBP, leading to a greater reduction in nighttime PP in the
elderly patients with > 7% reduction of nighttime PP. On the
other hand, the extent of decrease in SBP was comparable to
that of DBP, leading to a blunted reduction in nighttime PP
in the elderly patients with <7% reduction of nighftime PP,
as shown in Fig. 4. The elderly patients with <796 reduction
of nighttime PP had a higher frequency of smoking, but not
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Table 6. Comparisons of Clinical Characteristics between
Eldery Patients with and without Blunted Reduction of
Nighttime PP

% reduction of nighttime PP
27% (n=33) <7%(n=34)

Sex (% men) 48 56

Age (years) 671L6 6617
BMI (kg/m?) 243 23+3
Smoker (%) 21 44*
Diabetes mellitus (%) 5 9
Total cholesterol (mg/dl) 209432 20748
HDL cholesterol (mg/dl) 6017 5514
Serum creatinine (mg/dl) 0.7£0.2 0.8103
LVMI (g/m?) 119434 14630
SV (mi) 6518 70421

Values are mean=tSD. *p<0.05, **p<0.0l compared with
2 7% reduction of nighttime PP. PP, pulse pressure; BMI, body
mass index; HDL, high-density lipoprotein; L VM], left ventric-
ular mass index; SV, stroke volume.

of diabetes or dyslipidemia, as compared with those with
= 7% reduction of nighttime PP, as shown in Table 6.

Discussion

This study demonstrated that PP has a circadian variation,
decreasing during nighttime in a majority of patients. How-
ever, the extent of nighttime reduction of PP varies among
individuals. The present study further showed that the blunt-
ed reduction of nighttime PP is significantly associated with
LVH in elderly hypertensive patients independently of day-
time PP, 48-h SBP, and nondipper hypertension, and that the
association of the blunted reduction of nighttime PP with
LVH is the strongest among the covariates. Therefore, the
blunted reduction of PP during nighttime might play a role in
the pathogenesis of hypertension-induced cardiac damage in
elderly patients. The present study also showed that nondip-
per hypertension is associated with a smaller reduction of
nighttime PP. This was expected, because patients with
nondipper hypertension are known to show a minimal de-
crease in BP during nightitme, which would lead to a blunted
reduction of nighttime PP. In fact, this study also showed
that a smaller reduction of nighttime SBP resulted in a blunt-
ed reduction of nighttime PP. Thus, the blunted reduction of
nighttime PP may be intimately related to the pathogenesis
of cardiovascular complications in nondipper hypertension.
Furthermore, the present study demonstrated that the blunted
reduction of nighttime PP confers an additional risk—in pa-
tients with nondipper hypertension—for LVH. Thus, the
combination of a blunted reduction of nighttime PP and
nondipper hypertension is a strong risk factor for LVH in el-
derly hypertensive patients.

Recently, increased PP was shown to be a risk factor for

cardiovascular mortality in elderly patients (7). Stiffening of
the central elastic arteries, which reflects biological aging of
the arterial system, tends to raise SBP and lower DBP. The
former, which causes a disproportionate increase in end-sys-
tolic stress, promotes the development of cardiac hypertro-
phy and requires a greater coronary blood flow. The latter re-
duces the pressure on which coronary flow is dependent, and
together they increase the vulnerability of the heart to is-
chemia. This explains why an increase in PP is a major pre-
dictor of cardiovascular risk in elderly hypertensive patients.
The blunted reduction of PP from day to night, which persis-
tently increases PP, might cause further progression of hy-
pertension-induced organ damage, thereby resulting in a
higher incidence of cardiovascular events. In fact, the pres-
ent study showed that, in patients with higher daytime PP,
the blunted reduction of nighttime PP conferred an addition-
al risk for LVH. Taken together, these results indicate that
the combination of an increase in PP and the blunted reduc-
tion of nighttime PP could be a risk for cardiovascular com-
plications in elderly hypertensive patients. It is, however,
necessary to confirm the blunted reduction of nighttime PP
as a new risk for cardiovascular disease in a prospective
study with a large number of the patients. Previous studies
(9, 10) have shown that diabetes and dyslipidemia are asso-
ciated with an increase in PP. The present study, however,
showed that the elderly patients with a blunted reduction of
nighttime PP had higher frequency of smoking, but not high-
er frequency of diabetes or dyslipidemia. Although the
mechanism for the positive association between smoking and
the blunted reduction of nighttime PP remains to be deter-
mined, this association may play a possible role in the patho-
genesis of smoking-related cardiovascular diseases.

SBP increases with age, while DBP rises only until 50
years of age, after which it either becomes constant or even
decreases slightly. In the Framingham Heart Study (!), in-
creasing age entailed a shift from DBP to SBP and then to
PP as the major predictor of cardiovascular risk. Thus, PP
became superior to SBP as a predictor of cardiovascular dis-
eases in elderly hypertensive patients (7). These features in
elderly hypertension may explain why, in the present multi-
variate analysis, the percent reduction of nighttime PP, but
not 48-h SBP, remained significantly associated with LVMI
in elderly patients, and why the significant association was
observed in the elderly hypertensive patients but not in the
younger patients or the total population.

In conclusion, PP is decreased during nighttime in elderly
hypertensive patients, but the extent of the decrease varies
case-by-case. The blunted reduction of PP during nighttime
is a risk factor for LVH and may play a role in cardiovascu-
lar complications in elderly patients.
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Abstract

Background: We previously reported that diacylglycercl (DAG) as compared with tiacylglycerel (TAG) suppressed increases
in postprandial lipids in healthy volunteers. This study was to investigate the effects of DAG on postprandial lipids, particularly
remnant lipoproteins in diabetics.

Methods: Emulsified DAG oil or TAG oil with a fatty acid composition similar to DAG oil was orally administered (30 g fat/m®
of body swrface) to moderately controlled six diabetics, with hemoglobin Alc (HbAlc) below 8%, after tasting for at least 12 h
in a randomized crossover manner. Serum cholesterol and TAG, lipids in remnant-like particles (RLP), and other lipid
parameters including serum ketone bodies were measured prior to and 2, 4, and 6 h after fat loading.

Results: DAG loading significantly suppressed increases in postprandial serum TAG and lipids in RLP as compared with TAG
loading. The incremental area under the curve (IAUC) for serum TAG and that for lipids in RLP with DAG loading were also
significantly smaller than those with TAG loading. However, changes in serum levels of insulin, free fatty acids, and ketone
bodies during fat loading were essentially the same for DAG and TAG.

Conclusions: This pilot study suggests that substituting DAG intake for TAG may be beneficial to moderately controlled
diabetics due to its effect in reducing postprandial hyperlipidemia.
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acylglycerol (TAG}), low cholesterol in high-density
lipoproteins (HDL), an increase in small, dense low-
density lipoproteins (LDL), and postprandial hyper-
lipidemia contribute to this increased risk [3-6].
Among them, postprandial inerease in remnant lipo-
proteins (remnants) has been recognized as a powerfitl
CHD risk not only for diabetic but also for nondiabetic
subjects [7-121.

Remnants are the metabolites of TAG-rich lip-
oproteins, such as chylomicrons (CM) and very-low-
density lipoproteins (VLIDL), and are formed in the
circulation by the effect of lipoprotein lipase. These
remnants are readily incorporated into endothelial
macrophages, leading to the accunulation of chole-
sterol in these cells, consequently forming a premature
atherosclerotic lesion [9,12-14].

Therapeutic approaches to reduce remmant levels
in the postprandial phase are believed to be important
for the management of patients with diabetes and also
with metabolic syndrome [5]. We have previously
reported [15] that the substitution of diacylglyeerol
(DAG) oil intake for TAG oil significantly sup-
pressed postprandial increases in serum TAG and
lipids in remnants measured by the method of
Nakajima et al. [16] in healthy male volunteers. There-
fore, we had an interest whether this favorable effect of
DAG intake on postprandial hyperlipidemia can be
applied to diabetic subjects without any serious
adverse phenomenon.

Diacylglycerol is a natural component of various
edible oils and consists mainly of the 1,3-species.
The intake of DAG has been reported to reduce
fasting serum TAG concentration and hemoglobin
Alc (HbAlc) levels in type 2 diabetics and to

N. Tada er al. / Clinica Chimica Acta 333 (2003) 87-94

prevent the accumulation of body fat in experimental
animals and in humans [17,18]. Decreased activities
of enzymes of fatty acid synthesis and increased
activities of enzymes involved in the P-oxidation
pathway by DAG ingestion have also been reported
[18].

The objectives of this study were to mvestigate the
effects of oral DAG loading on postprandial changes
in serum lipids, related parameters including ketone
bodies, and changes in remmnants in moderately
controlled diabetics.

2. Materials and methods
2.1. Subjects

The subjects were six patients with type 2 diabetes
mellitus (five females and one male; aged 46-70
years) who had moderately controlled HbAlc levels
that were <8%. The study was performed in accord-
ance with the principle of the Helsinki Declaration.
The subjects were fully informed concerning the study
and gave their informed consent. The clinical charac-
teristics of subjects are shown in Table 1. All of them
were not receiving insulin therapy, but they were
medicated as follows: one was taking both a 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor and a hypotensive drug; five
subjects were taking oral antidiabetic drags (sulfonyl-
urea, biguanides, and a-glucosidase inhibitors), and
two of these five were also taking HMG-CoA
reductase inhibitors, and the others were taking
hypotensive drugs concomitantly.

Table 1 .

Characterics of subjects

No. Age Height Weight FPG HbAlc Serum TAG Serum T-Chol HDL-C
(years) (m) (kg) {mxmol/1} (%) (mmol/l} (mmol/l) (mmol/)

1 59 147 59 7.3 6.5 1.75 4.85 2.12

2 46 1.50 65 7.5 78 0.89 5.35 127

3 70 148 54 6.1 6.5 0.69 5.53 132

4 67 1.64 57 11.5 76 1.34 5.06 L

5 59 147 47 9.3 76 0.88 5.47 2.24

6 68 1.57 56 9.6 68 0.58 5.64 1.86

Mean+S.E. 62+4 1.52+0.03 56+2 8.6+08 7.1+02 1.03+0.18 532+0.12 1.65+0.20

TAG: triacylglycerol; BML: body mass index; FPG: fasting plasma glucose; T-Chol: total cholesterol.

-55-



N. Tada et al. / Clinica Chimica Acta 333 (2003) 87-94 89

2.2. Experimental oils

The DAG oil was prepared by esterifying glycerol
with fatty acids from soybean and rapeseed oil
according to the method of Huge-Jensen et al. [19].
The product contained 1,3-DAG and 1,2-DAG iso-
mers in a ratio of 7:3 with a total DAG content of
approximately >80%. Triacylglycerol oil was pre-
pared by mixing rapeseed, safflower, and pezilla oils
to give a final fatty acid composition that was similar
to that of the DAG oil. The fatty acid compositions of
the DAG and TAG oils are shown in Table 2. No
appreciable differences in combustion energy were
detected between the DAG and TAG oils [20].

2.3. Study design

The study was designed in a double-blind cross-
over style with a 2-week interval. The medications
were not changed during the period of interval. The
protocol was substantially the same as that as
previously reported [15]. Briefly, the patients
ingested emulsified test oil (TAG or DAG oil) at a
dose of 30 g fat/m® of body surface area in the
morning after fasting for approximately 12 h. The
test oil emulsions contained 35% oil, 1% casein
sodium, 3% skim milk, 0.5% fatty acid sucrose
polyester, 0.36% soybean lecithin, and 60.14% water.
During the study, patients were asked to remain
seated with minimum physical activity. Patients were
also requested not to take any drugs or food except
for water from the morning of the test day to the
final blood sample collection.

Blood samples were collected before fat loading
for baseline measurements (initial value) and at 2, 4,
and 6 h after fat loading. Two weeks later, the same

Table 2
Fatty acid composition of test oils (wt.%%)

DAG TAG
Cle 3.1 54
C18 1.1 2.1
Cl18:1 383 343
C18:2 47.7 492
C18:3 9.0 7.8
C20 0.3 05
C20:1 0.2 0.3

DAG: diacyiglycerol; TAG: triacylglycerol.

patients received the opposite fest oil, and blood
samples were collected at the same time points.

2.4. Sample analysis

Serum lipids, lipids in lipoproteins, HDL-chole-
sterol (HDL-C), and serum apolipoprotein concen-
trations were measured as described elsewhere [15].
The concentrations of serum total ketone bodies [21]
and plasma glucose [22] were measured by enzymatic
methods. Serum insulin [23] and plasma plasmino-
gen-activator inhibitor 1 (PAI-1) [24] were measured
by enzyme immunoassay methods. Plasma preheparin
lipoprotein lipase (LPL) protein mass was measured
by the method of Kobayashi et al. [25]. Serum leptin
was measured by radioimmunoassay {26]. The rem-
nant-like particle (RLP) fraction was isolated from the
serum of each sample by means of an immunoaffinity-
mixed gel conjugated with anti-apoB-100 and anti-
apoAl monoclonal antibodies [16].

Lipoprotein fractions were obtained from the serum
sample by sequential preparative ultracentrifugation
[27] using a Hitachi RP65T rotor. Chylomicrons
(Svedberg floatation >400 lipoproteins) were isolated
at 20,000 tpm for 30 min at 15 °C, and very-low-
density lipoproteins (VLDL; d<1.006 g/ml) were iso-
lated further at 40,000 vpm for 16 h at4 °C. Then, serum
density was adjusted by adding potassium bromide.
LDL (1.006<¢<1.063 g/ml) and HDL (1.063<d<1.21
g/ml) fractions were isolated sequentialy at 40,000 rpm
for 20 and 40 h, respectively, at 4 °C. Separated LDL
and HDL were dialyzed against 0.15 mol/l NaCl. TAG
concentrations of the isolated lipoprotein fractions
were determined by enzymatic methods.

2.5. Statistical analysis

Measured values and changes (A) from the initial
values are presented as meantstandard error (S.E.).
Statistical analyses were performed using SPSS
(version 11.0: SPSS, Chicago IL). Differences
between the groups in the time course changes from
the initial values were analyzed using repeated-
measures two-way ANOVA. The difference between
the measured values during DAG and TAG loading
test at each time point was assessed by a paired s-test.
The incremental area under the curve (TAUC) of blood
variables during 6 h afler fat loading was calculated,
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Table 3
Changes in serum concentrations of lipids
Time after fat loading (h) p value of
0 5 4 6 ANOVA
T-Chol (mumol/l) DAG 525+0.16 (0.00) 5.35+0.13 (0.08+0.08) 5.22+0.10 (—~0.05+0.08) 528+0.13 (0.03+0.08) p=0.330
TAG 538+0.16 (0.00) $35+0.13 (—0.03+0.05) 5.33+0.13 (—0.05£0.05) 528+0.13 (-0.10+0.05)
LDL-C (mmol/) DAG 3.28+0.23 (0.00) 3.34-++0.26 (0.08+0.08) 3.23+0.23 (-0.05+0.05) 3.18+0.23 (-0.10+0.08) p=0.617
TAG 3.26+028 (0.00) 326+0.26 (0.00+£0.05) 3.18£0.26 (—-0.08+0.05) 3.18+0.28 (—0.08+0.05)
HDL-C (mmol/l)  DAG 1.66+0.21 (0.00) 1.63+0.18 (~0.03+0.03) 1.60+0.18 (-0.08+0.05) 1.63+0.21 (0.00+0.03) p=0.567
TAG 1.63+0.18 (0.00) 1.66%+0.18 (000+0.05) 1.58+0.18 {(—0.08+0.03) 1.60+0.18 (—0.05+0.00)
TAG (mmol/1) DAG 0.94+0.19 (0.00) 146+0.33 (0.52+0.23) 1.59+042 (0.64+0.23) 141+0.26 (0.14+0.11)  p=0.005
TAG 1.11+0.20 (0.00) 1.77+0.32 (0.68+0.27) 1.80+034 (0.69+0.18) 141+0.36 (0.32+0.17)
FFA (mmol/) DAG 0.51+0.06 (0.00) 063+0.07 (0.11+£004) 087009 (0.36+0.07Ty  0.82+0.11 (0.31+£0.09y p=0.567
TAG 0.59+008 (0.00) 0.75+0.11 (0.16£0.16)  0.79+0.06 (0.21+0.11)  0.85+0.13 (0.27+0.13)
RLP-C (mmol/) DAG 0.11+£0.01 (0.00) 0.17+0.03 (006+0.03)  0.17£0.04 (0.06£0.02)  0.13+0.02 (0.03+0.01) p=0.021
TAG 0.11+£0.02 (0.00) 021+0.02 (0.10£0.02)  0.20+0.03 (0.09+0.02) 0.15£0.03 (0.05+0.02)
RLP-TAG (mmol]) DAG 0.14+£0.04 (0.00) 048+0.15(034+0.14)  0.52+0.19 (0.38£0.14)  029+0.08 (0.15+0.05) p=0.004
TAG 0.15+0.04 (0.00) 0.67+0.19 (0.52+0.18) 0.59+0.13 (0.44+0.10)  041+0.13 (0.26+0.09)

Values are Mean+S8 E. Mean+S.E. changes from baseline are shown in parentheses (A). *Significantly different from TAG ingesition at the
same time points by paired 2-test: p<0.05. P values are calculated by repeated-measures two-way ANOVA (A). DAG: diacylglycerol; TAG:

triacylglycerol; T-Chol: total cholesterol; FEA: fiee fatty acids.

and the differences between the treatment gronps were
assessed by a paited f-test. P values <0.05 were
considered to be significant for all analyses.

3. Results
3.1. Changes in serum lipids and apolipoproteins

Table 3 shows changes in serum lipids, LDL-C,
HDL-C, and RLP lipids. Serum total cholesterol,
LDL-C, and HDL-C did not change during TAG or
DAG loading. However, serum TAG increased,
peaking at 4 h after the loading with either oil and

decreased at 6 h. Increases (A: shown in the
parentheses in Table 3) in setum TAG from the initial
value were significantly smaller during DAG loading
than those observed during TAG loading { p=0.005),
as determined by two-way ANOVA. No significant
difference in serum TAG levels after fat loading was
observed between the TAG and DAG study groups at
any time point. Serum FFA was increased during TAG
or DAG loading, and changes in these values were not
different significantly between the two study groups.

The RLP lipids, RLP-C and RLP-TAG, were
increased, peaking at 2 or 4 h and then decreased
toward the initial value as a function of time after the
loading of either oil. However, increases in RLP-C

Table 4
Changes TAG in CM, VLDL, LDL, and HDL
Time after fat loading (h) p value of
0 2 4 6 ANOVA
CM (mmol/l) DAG  001+0.01 (0.00) 0274+0.13 (0.25+0.13) 0.30+0.12 (0.29+0.12)  0.12:+0.05 (0.10:+0.04) p=0.141
TAG 0024001 (0.00) 037+0.16 (0.35+0.16) 0.31+0.06 (0.30+0.05) 0.17+0.07 (0.13+0.07)
VIDL (mmoll) DAG 038+0.16 (0.00) 0.55+0.18 (0.17+0.06) 0.59+022 (0.20+0.06) 036+0.16 (-0.02+0.05) p=0.796
TAG  052+0.16 (0.00) 0.70+0.17 (0.17+0.07) 0.72+0.22 (0.20+0.09) 0.53+0.21 (0.01+0.07)
LDL (mmol/t) DAG  034+0.04 (0.00) 0.33+0.04 (0.00+0.01) 0.33+£0.04 (0.00£0.01) 032+0.05 (=0.01+0.02) p=0.097
TAG  03440.04 (0.00) 0.34+0.04 (0.00+0.00) 0.35+0.04 (0.00+£0.00) 035+0.04 (0.01+0.01)
HDL (mmold) DAG 0.14+0.02 (0.00) 0.16+0.02 (0.02+0.01) 0.18+£0.03 (0.04+0.02) 0.16:+0.03 (0.01+0.01) p=0.585
TAG  0.17+0.01 (0.00) 0.19+0.01 (0.02+£0.01) 0214002 (0.03+0.02) 0.18+0.02 {0.01+0.01)

Values are Mean+S.E. Mean+S.B. changes from baseline are shown in parentheses (A}, P values are calculated by repeated-measures two-way
ANOVA (A). DAG: diacylglycerol; TAG: triacylglycerol.
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Fig. 1. Incremental area under the curve (IAUC) for serum TAG
with either TAG or DAG loading {#=6). Increases in serum TAG
were monitored during 6 h after a single loading of either TAG or
DAG orally. This figure shoews the difference of individual IAUC
for serum TAG between TAG and DAG loading, and IAUC for
serum TAG in the DAG group were significantly lower when
compared with those in the TAG group (p<0.05). DAG: diacyl-
glycerol, TAG: triacylglvcerol.

and RLP-TAG from the initial values (A) after DAG
loading were significantly smaller than those after
TAG loading.

Changes in TAG level in each lipoprotein, sepa-
rated by ultracentrifugation, with fat loading are
shown in Table 4. No significant differences in terms
of changes in these values were found between the
TAG and DAG groups. However, the duration to the
peak CM-TAG after fat loading was longer in the case
of DAG loading compared with that in the TAG
loading group, suggesting a slower production of CM
during the DAG loading, although the difference

between the groups was not significant. Apolipopro-
teins Al, All, B, CII, CII, and E were decreased
during either fat loading, and changes in these
parameters were not significantly different between
TAG and DAG loading (data not shown).

3.2, Incremental area under the curve (IAUC) of
serum TAG and RLP lipids

Differences of IAUC for serum TAG and RLFP
lipids between DAG and TAG ingestion, monitored
up to 6 h after the loading with fest oil, are shown in
Figs. | and 2, respectively. The mean values of IAUC
for serum TAG, RLP-C, and RLP-TAG in the DAG
group were all significantly lower when compared
with those in the TAG group (p<0.05).

3.3. Changes in serum insulin, plasma glucose, serum
total ketone bodies, plasma LPL protein mass, serum
leptin, and plasma PAI-]

As listed in Table 5, serum insulin was increased
slightly at 2 h and then decreased at 4 and 6 h after
either of the fat loading, and there were no significant
differences between the values for TAG and DAG
loading. Plasma glucose was gradually decreased with
time after either of the fat loading. Decreases in
plasma glacose from the initial value (Ay at 2 and 4 h
were significantly larger with TAG loading than those
with DAG loading. Overall, decreases in plasma
glucose during TAG loading were significantly greater

TAG DAG

Fig. 2. Incremental area under the curve (IAUC) for RLP lipids with either TAG or DAG loading (#=6). Increases in RLP-TAG (a) and RLP-C
(b) were monitored during 6 h after a single loading of either TAG or DAG orally. This figure shows the difference of individual IAUC for RLP-
TAG (a) and RLP-C (h) between TAG and DAG loading. IAUC for both RLP-TAG (a) and RLP-C (b) in the DAG group were significantly
lower when compared with those in the TAG group, respectively (each p<0.05). DAG: diacylglycerol; TAG: triacylglycerol; RLP: remnant-like

particles.
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