Clinical Care/Education/Nutrition/Psychosocial Research

ORIGINAL ARTICLE

Implications of Nocturnal Hypertension
in Children and Adolescents With
Type 1 Diabetes

1
SuN HEE LEE, MD ,
Jae Hyun Kim, MD
MmN JaE Kang, mp

YounG AH LEE, MD>
SE1 WoN YANG, MD
CHooNG Ho SHIN, MD

OBJECTIVE —Diabetes is associated with atherogenic risk factors. Hypertension has a major
influence on cardiovascular disease in diabetic patients. Ambulatory blood pressure monitoring
(ABPM) is useful for identifying nocturnal hypertension. Carotid intima-media thickness (cIMT)
is a good measure for identifying subclinical atherosclerosis. This study aimed to evaluate
whether nocturnal hypertension affects atherosclerosis in children and adolescents with type
1 diabetes and to investigate the relationship between atherogenic risk factors and cIMT.

RESEARCH DESIGN AND METHODS —ABPM and cIMT were measured in 82 diabetic
children and adolescents. We reviewed the hemoglobin A, levels, 24-h urine microalbumin
excretion, lipid profiles, and duration of diabetes. Nocturnal hypertension was defined as hy-
pertension observed only at night.

RESULTS —Forty-three (52%) subjects were hypertensive, and 30 subjects were classified as
having nocturnal hypertension. cIMT was higher in the nocturnal hypertensive group than in the
normotensive group (0.44 = 0.03 vs. 0.42 * 0.04 mm, P = 0.026). Among children and
adolescents with nonhypertensive blood pressure levels in clinic blood pressure monitoring,
cIMT and daytime blood pressure were higher in the nocturnal hypertensive group. All ABPM
parameters were significantly related to cIMT in multiple linear regression analysis.

CONCLUSIONS —This study showed significantly increased cIMT and daytime blood pres-
sure in diabetic children and adolescents with nocturnal hypertension. ABPM may be a useful
method for detecting the macrovascular complications of type 1 diabetes. Longitudinal studies
are needed to find the causes of nocturnal hypertension and to evaluate the effect of nocturnal
hypertension on atherosclerosis in type 1 diabetes.
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The prevalence of hypertension is 8%
in adolescents between the ages of 12 and
19 yearsinthe U.S. (5), but the prevalence
is 73% in children and adolescents with

development of cardiovascular dis-
ease. Patients with diabetes show a
2- to 10-times greater risk of developing

Type 1 diabetes is a risk factor for the

atherosclerotic lesions compared with the
normal population (1). Although the
complications caused by atherosclerosis
usually appear in adulthood, atheroscle-
rotic changes at the endothelial level be-
gin in childhood and progress rapidly in
the presence of risk factors (2,3). There-
fore, early detection and treatment of risk
factors for cardiovascular disease related
to type 1 diabetes beginning in childhood
are important (4).

type 2 diabetes and 22% in children and
adolescents with type 1 diabetes. These dif-
ferences suggest that the prevalence of hy-
pertension is significantly higher in young
people with either type 1 or type 2 diabetes.
A considerable number of patients with
type 1 diabetes have two or more additional
cardiovascular disease risk factors (6). The
need to manage the risks for cardiovascular
disease associated with type 1 diabetes
should be considered from childhood.
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Ambulatory blood pressure monitor-
ing (ABPM), which now is used in the
diagnosis of hypertension, can detect and
characterize changes in blood pressure
during daily activities (7) and is superior
to clinical blood pressure monitoring in
predicting cardiovascular morbidity and
mortality (8). The risk of nephropathy in-
creases in adolescents with type 1 diabetes
with elevated nighttime blood pressure, as
measured by ABPM (9). For these reasons,
ABPM may be recommended for pediatric
patients with diabetes (7).

Carotid intima-media thickness (cIMT)
measured by vascular ultrasound also is
used as a subclinical marker of hypertensive
vascular damage (10). In adults, increased
cIMT is an indirect indicator of atheroscle-
rosis and is an important predictor of car-
diovascular morbidity and mortality (11).
In children, cIMT increases in diseases
with increased cardiovascular risk, includ-
ing diabetes (12) and familial hypercholes-
terolemia (13). However, there are few
studies on the effect of night-time blood
pressure, measured by ABPM, on athero-
sclerosis and macrovascular complications
in children with type 1 diabetes.

This study was conducted to deter-
mine the relationship between nocturnal
hypertension and cIMT, a surrogate marker
of atherosclerosis, and to search for poten-
tial atherogenic risk factors in children and
adolescents with type 1 diabetes.

RESEARCH DESIGN AND

METHODS —This study included chil-
dren and adolescents aged 12-19 years
who were diagnosed with type 1 diabetes
between January 2009 and March 2010
and who were treated for at least 1 year
at the endocrinology clinic of Seoul Na-
tional University Children’s Hospital. Pa-
tients who were taking antihypertensive
drugs or ACE inhibitors were excluded.
A total of 82 patients underwent ABPM
and had their cIMT measured. The average
of two sphygmomanometer measure-
ments, after the subject had been in a sitting
position for at least 5 min, was regarded
as the patient’s clinic blood pressure.
Participants with systolic or diastolic
blood pressure higher than the 95th
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percentile for age, sex, and height for Ko-
rean children and adolescents (14) were
classified as having hypertension. Labora-
tory test results included 24-h urine mi-
croalbumin excretion, lipid profile, and
levels of high-sensitivity C-reactive pro-
tein and glycosylated hemoglobin A;,
(HbA, o). Information on the patients’ du-
ration of diabetes, daily insulin dose,
height, and weight was collected. The study
was conducted according to the Declara-
tion of Helsinki, and the study protocol
was approved by the ethics committee of
Seoul National University (Seoul, Korea).

ABPM parameters
ABPM was performed using a Tonoport V
ambulatory blood pressure system (Gen-
eral Electric, Milwaukee, WI), with a suit-
ably sized cuff around each patient’s
nondominant arm. The blood pressure
system was programmed to measure ev-
ery 20 min, from 8:00 Am. to 10:00 p.M,,
and every 30 min, from 10:00 p.M. to
8:00 aM. Self-reported sleep-wake times
have been used to divide ABPM data into
daytime and nocturnal periods.
Hypertension was defined when the
daytime or nighttime mean systolic or
diastolic blood pressure was higher than
the 95th percentile blood pressure of the
pediatric norms for ABPM (15). To adjust
for sex and height, a blood pressure index
was calculated using the following for-
mula: blood pressure index = measured
mean systolic or diastolic blood pres-
sure/95th percentile systolic or diastolic
blood pressure for sex and height accord-
ing to the pediatric norms for ABPM (10).
The blood pressure indices were cal-
culated from 24-h, daytime, and nighttime
measurements. The night dip in blood
pressure was calculated using the following
formula: systolic/diastolic night dip = (day-
time systolic or diastolic mean blood pres-
sure — nighttime systolic or diastolic mean
blood pressure)/daytime systolic or dia-
stolic mean blood pressure (7). Normal
dipping is defined as a =10% decline in
blood pressure.

cIMT

cIMT was measured using a high-resolution
B-mode ultrasound (Vivid 7 Dimension;
General Electric) and is expressed as mean
cIMT. cIMT was defined as the distance
between the lumen-intima and media-
adventitia borders of the right common
carotid artery and was measured 1 cm
below the right carotid body while the
patient was in a recumbent position with
his or her neck tilted slightly to the

left. cIMT was measured at least three
times, and the average value was used to
calculate the mean cIMT. Two experienced
sonographers, who did not know the
clinical or laboratory information of the
study patients, performed the cIMT ultra-
sounds. The intra- and interobserver vari-
ability expressed as coefficients of variation
were 5.4 and 5.8% for cIMT, respectively.

Laboratory methods

Blood samples were obtained by veni-
puncture in the morning after an 8- to 12-h
fast. The levels of HbA,., high-sensitivity
C-reactive protein, total cholesterol, LDL
cholesterol, and HDL cholesterol were
measured. Some patients could not fast
for 12 h because of the risk of hypoglyce-
mia; non—-HDL cholesterol (total choles-
terol minus HDL cholesterol) also was
calculated. Total cholesterol, LDL choles-
terol, and HDL cholesterol were measured
by enzymatic calorimetry. Dyslipidemia
was defined when LDL cholesterol was
=100 mg/dL (2.6 mmol/L) according to
the International Society for Pediatric and
Adolescent Diabetes guidelines (4) or
when HDL cholesterol was <40 mg/dL
(1.0 mmol/L), according to the National
Cholesterol Education Program Adult
Treatment Panel 111 (16).

The serum or plasma high-sensitivity
C-reactive protein levels were measured
by latex agglutination, and 24-h urine
microalbumin excretion was measured by

Table 1—Auxological data of the participants
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an immunoturbidimetric assay. Microal-
buminuria was diagnosed when the mi-
croalbumin excretion was =30 mg in two
consecutive 24-h urine samples.

Statistics

The data are expressed as means = SD. All
statistical analyses were performed using
SPSS 12.0 (SPSS, Inc., Chicago, IL). The
mean values were compared between the
study groups using the Student t test, and
frequencies and proportions were com-
pared using the x” test. Univariate asso-
ciations between the variables in the study
were analyzed by calculating the Pearson
correlation coefficients. Multiple linear re-
gression analyses were performed to eval-
uate the multivariate associations between
cIMT (dependent variable) and athero-
sclerotic risk factors (independent varia-
bles). A P value <0.05 was considered
significant.

RESULTS

Comparison of clinical and laboratory
data between the hypertensive

and nonhypertensive groups,

as classified by ABPM

Basic clinical and laboratory character-
istics of participants in the study are
summarized in Table 1. Thirty-nine of
82 patients were male (48%), and 43
were female (52%). The mean age of the

Characteristics

N 82

n (male:female) 39:43

Age (years) 15.78 = 2.06
Mean HbA, level in the previous year (%) 9.14 £ 1.90
Diabetes duration (years) 7.87 = 3.82
BMI-SD score —0.14 = 0.87
Daily insulin dose (per kg) 095 £ 0.32
LDL cholesterol (mg/dL) 06.04 * 26.12
HDL cholesterol (mg/dL) 63.65 * 15.50
Non-HDL cholesterol (mg/dL) 110.20 £ 27.05
24-h urine microalbumin (mg/day) 11.69 = 19.73
Clinical systolic blood pressure (mmHg) 116.90 = 9.83
Clinical diastolic blood pressure (mmHg) 64.33 £ 7.90
24-h systolic blood pressure mean (mmHg) 117.75 £ 7.40
24-h diastolic blood pressure mean (mmHg) 72.8 5,56
Daytime systolic blood pressure mean (mmHg) 120.79 = 7.81
Daytime diastolic blood pressure mean (mmHg) 76.29 = 6.35
Nighttime systolic blood pressure mean (mmHg) 110.98 + 8.26
Nighttime diastolic blood pressure mean (mmHg) 64.94 = 5.86
Systolic dip (%) 8.40 = 4.70
Diastolic dip (%) 14.72 £ 7.41

Data are means = SD.
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patients was 15.78 = 2.06 years. At the
start of the study, seven patients had ne-
phropathy, one had neuropathy, and two
had retinopathy. Forty-three (52%) pa-
tients had daytime or nighttime hyperten-
sion (hypertensive group), and 39 (48%)
patients showed nonhypertensive blood
pressure levels (nonhypertensive group)
when classified by ABPM. There were no
significant differences between the two
groups in age, duration of diabetes,
mean HbA ) level for the past year, and
LDL cholesterol concentration. However,
cIMT was significantly higher in the hy-
pertensive group than in the nonhyper-
tensive group (0.45 * 0.04 mm vs.
0.42 = 0.04 mm, P = 0.004), and HDL
cholesterol concentration was signifi-
cantly lower in the hypertensive group
than in the nonhypertensive group
(60.00 = 13.84 mg/dL vs. 67.67 =
16.40 mg/dL, P = 0.026).

Comparison of clinical and
laboratory data between the
nocturnal hypertensive and
nonhypertensive groups as

classified by ABPM

The patients were divided into two
groups according to blood pressure mea-
sured by ABPM: those who had hyper-
tension only during the night (nocturnal
hypertensive group [n = 32]) and those
with nonhypertensive blood pressure lev-
els (nonhypertensive group [n = 39)).
cIMT was significantly greater in the noctur-
nal hypertensive group (0.44 = 0.03 mm)
than in the nonhypertensive group (0.42 =
0.04 mm) (P=0.026). HDL cholesterol con-
centration was significantly lower in the
nocturnal hypertensive group (60.09 =*
14.81 mg/dL) than in the nonhypertensive
group (67.67 = 16.40 mg/dL) (P = 0.045).
There were no significant differences in
age, sex, daily insulin dose per kilogram,
and 24-h urine microalbumin excretion be-
tween the two groups.

Comparison of clinical and
laboratory data between

the nocturnal hypertensive

and nonhypertensive groups

with an HDL cholesterol
concentration =240 mg/dL

The results mentioned above suggested
that cIMT might be high because of low
HDL cholesterol concentrations in the
hypertensive and nocturnal hypertensive
groups. We classified the patients with
an HDL cholesterol concentrations =40
mg/dL into two groups: those with hyper-
tension only at night (nocturnal hypertensive

group [n = 30]) and those with nonhyper-
tensive blood pressure levels (nonhyperten-
sive group [n = 38]) (Table 2). Although
HDL cholesterol concentrations did not dif-
fer significantly between the two groups,
cIMT was significantly greater in the noc-
turnal hypertensive group. The daytime
systolic and diastolic mean blood pressure
values were within nonhypertensive levels
in the two groups but were slightly higher in
the nocturnal hypertensive group. After ad-
justing for age and sex, the daytime systolic
blood pressure index still was higher in the
nocturnal hypertensive group (0.91 *
0.04) than in the nonhypertensive group
(0.88 = 0.04) (P = 0.002). The daytime di-
astolic blood pressure index also was higher
in the nocturnal hypertensive group
(0.90 £ 0.05) than in the nonhypertensive
group (0.87 £ 0.06) (P = 0.031). The pro-
portions of patients without night dipping
were 28 of 30 in the nocturnal hypertensive
group and 19 of 38 in the nonhypertensive
group (P < 0.001). Of seven patients
with nephropathy, three had normal
blood pressure and four had only noctur-
nal hypertension; thus, the frequency of
microalbuminuria did not differ between
the two groups (P = 0.691). Dyslipidemia,
defined as an LDL cholesterol concentra-
tion =100 mg/dL, was observed in 17

patients in the nonhypertensive group and
in 13 patients in the nocturnal hypertensive
group, but the frequency of dyslipidemia
did not differ significantly between groups.

Comparison of clinical and
laboratory data between the
nocturnal hypertensive and
nonhypertensive groups in

patients with nonhypertensive

blood pressure levels in clinic

blood pressure monitoring

The patients who had normal blood
pressure measured clinically were divided
into two groups: those with nocturnal
hypertension only when measured by
ABPM (nocturnal hypertensive group)
and those with nonhypertensive blood
pressure levels during ABPM (nonhyper-
tensive group) (Table 3). The cIMT was
significantly greater in the nocturnal hy-
pertensive group (P = 0.030). Daytime
systolic and diastolic blood pressure in-
dices also were significantly higher in the
nocturnal hypertensive group (P = 0.002
and P = 0.036, respectively).

Correlation between cIMT and
atherogenic risk factors

cIMT in children and adolescents with type
1 diabetes did not correlate with BMI-SD

Table 2—Comparison of clinical and laboratory data between the nocturnal hypertensive
group and the nonhypertensive group according to HDL cholesterol concentrations

=40 mg/dL
Nocturnal hypertensive  Nonhypertensive
group group P

N 30 38
n (male:female) 13:17 17:21
Age (years) 15.82 *+ 2.00 1546 = 2.13 0473
Age at diagnosis (years) 7.87 £3.74 8.09 = 3.46 0.801
Mean HbA, . level in the previous year (%) 8.80 + 1.69 030 £2.13 0.390
Diabetes duration (years) 7.95 + 3.66 736 =3.70 0.516
cIMT (mm) 0.44 £ 0.03 0.42 £0.04 0.020*
BMI-SD score —0.03 * 0.92 —0.24 *0.71 0.318
Daily insulin dose (per kg) 0.93 £ 0.31 094 £ 036 0917
LDL cholesterol (mg/dL) 94.70 = 22.28 97.68 * 24.01 0.598
HDL cholesterol (mg/dL) 61.53 = 14.15 68.58 = 15.99 0.056
Non-HDL cholesterol (mg/dL) 109.70 £ 27.70 111.66 £ 25.14 0.764
24-h urine microalbumin (mg/dL) 10.85 £ 11.97 12.03 £2521 0.801
Daytime mean systolic blood pressure

(mmHg) 120.83 * 6.35 116.85 = 550 0.009*
Daytime mean diastolic blood pressure

(mmHg) 75.82 £ 422 7341 £4.99 0.034*
Daytime mean systolic blood pressure

index 0.91 £ 0.04 0.88 £ 0.04 0.002*
Daytime mean diastolic blood pressure

index 0.90 £ 0.05 0.87 £ 0.06 0.031*

Data are means * SD. *P < 0.05 by Student ¢ test.
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Table 3—Comparison between the nocturnal hypertensive group and the nonhypertensive
group in patients with normal blood pressure in clinic blood pressure monitoring

Nocturnal hypertensive  Nonhypertensive
group group p

N 26 32
n (male:female) 10:16 13:19
Age (years) 15.79 = 2.11 1546 = 2.16  0.564
Age at diagnosis (years) 749 £3.78 8.57 =338 0.264
Mean HbA . level in the previous year (%) 895 * 1.76 90.67 £2.08 0.163
Diabetes duration (years) 8290 £ 3.79 6.89 +3.57 0.156
cIMT (mm) 0.44 = 0.03 0.42 + 0.04 0.030%
BMI-SD score —0.09 £ 0.97 —0.27 £ 0.76 0.446
Daily insulin dose (per kg) 093 £ 0.27 095 £ 038 0.847
LDL cholesterol (mg/dL) 06.92 *+ 22.34 06.69 + 23.29 0.969
HDL cholesterol (mg/dL) 62.23 = 18.70 69.19 = 1595 0.079
Non—HDL cholesterol (mg/dL) 112.31 £ 27.13 111.81 £25.02 0.943
24-h urine microalbumin (mg/day) 11.25 * 12.70 13.68 + 27.19 0.656
Daytime mean systolic blood pressure

(mmHg) 120.04 £ 5.29 116.23 £492 0.007*
Daytime mean diastolic blood pressure

(mmHg) 75.54 £ 3.79 73.08 £ 499 0.038*
Daytime mean systolic blood pressure

index 0.91 = 0.03 0.88 £0.04 0.002*
Daytime mean diastolic blood pressure

index 0.90 = 0.04 0.87 £ 0.06 0.036*

Data are means = SD. *P < 0.05 by Student ¢ test.

score, LDL cholesterol concentrations,
non—-HDL cholesterol concentrations,
mean HbA. levels in the previous year,
or diabetes duration. In contrast, cIMT cor-
related positively with several ABPM pa-
rameters, including 24-h systolic blood
pressure index (r = 0.454, P = 0.001),
24-h diastolic blood pressure index (r =
0.389, P = 0.001), daytime systolic index
(r = 0430, P = 0.001), daytime diastolic
index (r = 0.330, P = 0.002), nighttime
systolic blood pressure index (r = 0.323,
P =0.003), and nighttime diastolic blood
pressure index (r = 0.347, P = 0.001).

The mean yearly HbA,_ level correlated
with a number of cardiovascular factors, in-
cluding HDL cholesterol (r = 0.240, P =
0.030), LDL cholesterol concentrations
(r=0.248, P = 0.025), and non-HDL cho-
lesterol (r = 0.350, P = 0.001).The mean
yearly HbA,, level did not correlated with
cIMT or blood pressure indexes.

After adjusting for atherogenic risk
factors (age, BMI-SD score, LDL choles-
terol concentrations, mean HbA,. levels
in the previous year, and duration of di-
abetes) in individual multiple linear re-
gression models, all ABPM parameters,
including 24-h, daytime, and nighttime
systolic and diastolic blood pressure in-
dexes, were significantly related to cIMT
in 82 participants included in the study.

CONCLUSIONS —In this study, we
defined hypertension according to ABPM
criteria. cIMT was greater in the hyper-
tensive group than in the nonhypertensive
group. Moreover, cIMT in the nocturnal
hypertensive group was greater than in the
nonhypertensive group. In addition, all
blood pressure indexes were significantly
associated with cIMT in multiple linear
regression analysis, independent of other
atherogenic risk factors.

cIMT is greater in patients with type 1
diabetes compared with normal subjects
(12,17). Moreover, cIMT is greater in type
1 diabetic patients with complications such
as hypertension or nephropathy than in
those without these conditions (12), and
cIMT is significantly associated with blood
pressure in patients with type 1 diabetes
(18). However, these investigations have
been conducted using clinic blood pressure
measurements, and there are conflicting
data on the relationship between cIMT
and blood pressure in type 1 diabetes using
data from clinic blood pressure monitoring
(12,18). To our knowledge, few studies
have used ABPM criteria to assess blood
pressure in children and adolescents with
type 1 diabetes to investigate the relation-
ship between cIMT and hypertension.

Some studies have reported on
the relationship between cardiovascular

Lee and Associates

disease and nocturnal hypertension in
adults. These studies show that the prog-
nosis for stroke or a cardiac event is poorer
in adult patients who exhibit a nocturnal
blood pressure rise than in adults who
exhibit a daytime blood pressure rise
(19,20). Bouhanick et al. (21) showed
that an increase in nighttime systolic
blood pressure of 10 mmHg increased
the occurrence of cardiovascular events
by 35% in hypertensive diabetic individu-
als. However, nocturnal hypertension and
its association with cardiovascular disease
has not yet been investigated in children
with type 1 diabetes. Our finding that a
greater cIMT in children and adolescents
with type 1 diabetes is accompanied by
nocturnal hypertension suggests that noc-
turnal hypertension influences the devel-
opment and progression of atherosclerosis
in pediatric patients with type 1 diabetes.

Dyslipidemia, one risk factor for ath-
erosclerosis, frequently is associated with
diabetes and increases the risk of cardio-
vascular disease (22). In contrast, we
found no significant difference in the
mean LDL cholesterol concentrations be-
tween the nonhypertensive and nocturnal
hypertensive groups and that the propor-
tion of patients with an LDL cholesterol
concentration =100 mg/dL did not differ
between groups (44.7% in the nonhyper-
tensive group and 43.3% in the nocturnal
hypertensive group). Otherwise, HDL
cholesterol concentration was signifi-
cantly lower in the hypertensive group
classified by ABPM in our study. Low
HDL cholesterol concentration also is
regarded as an important risk factor for
coronary artery disease and is classified
as a type of dyslipidemia (23). Krantz et al.
(12) found that cIMT correlated nega-
tively with HDL cholesterol concentra-
tion but not with LDL/HDL cholesterol
concentrations. They suggested that
HDL cholesterol concentration corre-
lated negatively with the occurrence and
progression of atherosclerosis in pediat-
ric patients with type 1 diabetes. There-
fore, to exclude the possibility that a low
HDL concentration increased cIMT, only
patients who had an HDL cholesterol
concentration =40 mg/dL were included
in the analysis. cIMT still was high in both
the hypertensive group and the nocturnal
hypertensive group. This result supports
the relationship between nocturnal hy-
pertension and atherosclerosis. Schwab
et al. (24) investigated the relationship
between cIMT and clinic blood pressure
but used different measures of cholesterol
concentration from those used in our
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study to define dyslipidemia. Their re-
sults were similar to ours in showing
that systolic blood pressure has a greater
effect on early atherosclerosis than does
dyslipidemia in children with an LDL
cholesterol concentrations <100 mg/dL.
Additional studies of patients without
dyslipidemia according to both criteria
(LDL cholesterol concentrations <100
mg/dL and HDL cholesterol concentra-
tions =40 mg/dL) are needed to confirm
the relationship between nocturnal blood
pressure and atherosclerosis.

Poor glycemic control also is a risk
factor for atherosclerosis (17). However,
in our study, HbA . level and the duration
of diabetes did not differ significantly be-
tween the nocturnal hypertensive and
nonhypertensive groups. The HbA,,. lev-
els in both groups were similarly high.
The participants of the study were adoles-
cents, and it is difficult to maintain good
metabolic control in this period. In addi-
tion, in the Epidemiology of Diabetes In-
terventions Complications cohort, they
suggest that a prolonged time period is
needed to show the influence of glycemic
control on the progression of atheroscle-
rosis (25). Additional longitudinal studies
are needed to investigate the role of a
change in HbA, . level has on the progres-
sion of atherosclerosis.

We subdivided the nonhypertensive
subjects in clinic blood pressure moni-
toring into nocturnal hypertensive and
nonhypertensive groups by ABPM. cIMT
was significantly greater in the nocturnal
hypertensive group than in the non-
hypertensive group. This result suggests
that blood pressure measured by ABPM,
especially nighttime blood pressure, is
more strongly related to end-organ dam-
age than is blood pressure measured in
clinic. Although daytime blood pressure
measured by ABPM was within the non-
hypertensive levels, it was higher in the
nocturnal hypertensive group than in the
nonhypertensive group. This result suggests
that blood pressure may be maintained at a
high level at nighttime and daytime in
nocturnal hypertensive patients; such ele-
vation may influence end-organ damage.

This is the first study to show a re-
lationship between nighttime blood pres-
sure and cIMT and that nighttime blood
pressure may indirectly predict the degree
of atherosclerosis in children with type 1
diabetes. Our data underline the impor-
tance of monitoring blood pressure, es-
pecially nighttime blood pressure, in
children and adolescents with type 1
diabetes. To provide early detection and

management of risk factors for macro-
vascular complications, ABPM should be
considered in children and adolescents
with type 1 diabetes.
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