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RESEARCH DESIGN AND METHODS — Ambulatory profiles of 24-h blood pressure
were recorded in 354 pediatric patients with type 1 diabetes (age 14.6 ± 4.2 years, duration of
diabetes 5.6 ± 5.0 years, follow-up for up to 9 years). A total of 1,011 profiles were available
for analysis from patients not receiving antihypertensive medication.
RESULTS — Although daytime mean systolic pressure was significantly elevated in diabetic
subjects (13.1 mmHg; P , 0.0001), daytime diastolic pressure was not different from from the
height- and sex-adjusted normal range (10.1 mmHg, NS). In contrast, both systolic and diastolic nighttime values were clearly elevated (17.2 and 14.2 mmHg; P , 0.0001), and nocturnal dipping was reduced (P , 0.0001). Systolic blood pressure was related to overweight
in all patients, while diastolic blood pressure was related to metabolic control in young adults.
Blood pressure variability was significantly lower in girls compared with boys (P , 0.01). During follow-up, no increase of blood pressure was noted; however, diastolic nocturnal dipping
decreased significantly (P , 0.03). Mean daytime blood pressure was significantly related to
office blood pressure (r = 10.54 for systolic and r = 10.40 for diastolic pressure); however,
hypertension was confirmed by ambulatory blood pressure measurement in only 32% of
patients with elevated office blood pressure.
CONCLUSIONS — During the early course of type 1 diabetes, daytime blood pressure is
higher compared with that of healthy control subjects. The elevation of nocturnal values is even
more pronounced and nocturnal dipping is reduced. The frequency of white-coat hypertension
is high among adolescents with diabetes, and ambulatory blood pressure monitoring avoids
unnecessary antihypertensive treatment.
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levated blood pressure has repeatedly
been shown to represent a risk factor
for the early development of nephropathy (1–3). Reliable detection of mild hypertension, however, is hampered by the
“white-coat” effect (4,5). This phenomenon

E

is found in 20–30% of hypertensive adults,
but is even more prevalent in adolescents,
where up to 70% of patients with elevated
office blood pressure display normal 24-h
blood pressure profiles (6). In a previous
study in adolescents with diabetes, we con-
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1. Are blood pressure measurements
using objective ABPM elevated in adolescent and young adult patients with
type 1 diabetes?
2. Which anthropometric or metabolic
factors are relevant for blood pressure
in this group of patients?
3. Are nocturnal dipping of blood pressure
or blood pressure variability affected by
sex, age, duration of diabetes, insulin
dose, or metabolic control?
RESEARCH DESIGN AND
METHODS — The SpaceLabs 90207
ABP-monitor (SpaceLabs, Kaarst, Germany) was used with three different cuff
sizes (upper arm circumferences 13–20,
17–26, and 24–32 cm). Blood pressure
was recorded automatically every 20 min
during daytime (0800 to 2200) and every
40 min at night. ABPM was performed on
days with normal physical activity and
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OBJECTIVE — Little information is available on the early course of hypertension in type 1
diabetes. The aim of our study, therefore, was to document circadian blood pressure profiles
in patients with a diabetes duration of up to 20 years and relate daytime and nighttime blood
pressure to duration of diabetes, BMI, insulin therapy, and HbA1c.

firmed this high incidence of white-coat
hypertension in pediatric patients (7).
Twenty-four–hour ambulatory blood
pressure measurement (ABPM) has been
used as an investigative tool in adult patients
with diabetes, focusing primarily on the
relationship to urinary albumin excretion as
an early sign of diabetic nephropathy (8,9).
For pediatric diabetology, only small patient
groups have been studied with this technique (10,11). In contrast to older patients,
where hypertension may be a consequence
of early diabetic nephropathy, studying
young patients with a shorter duration of
diabetes (up to 2 decades) may help to clarify whether the prevalence of primary
hypertension is increased in diabetic
patients and whether there is a relationship
to the duration of diabetes early on. While
office blood pressure measurements are always taken during daytime, automatic 24-h
blood pressure recording allows the investigation of nocturnal blood pressure values
and the circadian rhythm or “nocturnal dipping” of blood pressure.
The aim of this study is to answer the
following questions:

Ambulatory blood pressure in pediatric type 1 diabetes

Table 1—Patient characteristics for the entire group of 354 subjects, as well as separately for
male and female subjects

n
Age (years)
Duration of diabetes (years)
z score
Height
Weight
BMI
HbA1c
Daily dose of insulin/kg
Injections/day

All patients

Males

Females

P value

354
14.6 ± 4.2
5.6 ± 5.0

167
15.2 ± 4.4
6.1 ± 5.3

187
14.2 ± 3.9
5.3 ± 4.8

—
0.03
NS

0.29 ± 1.1
0.95 ± 1.2
1.05 ± 1.1
7.3 ± 1.6
0.78 ± 0.27
2.8 ± 1.2

0.23 ± 1.1
1.00 ± 1.2
1.16 ± 1.1
7.2 ± 1.4
0.75 ± 0.27
2.7 ± 1.2

0.35 ± 1.1
0.89 ± 1.2
0.95 ± 1.2
7.5 ± 1.8
0.8 ± 0.28
2.9 ± 1.2

NS
NS
0.02
NS
NS
NS

absence of acute infections, ketoacidosis, or
severe hypoglycemic episodes (defined as
the requirement of help by another person). A large multicenter study on 1,141
healthy children and adolescents provided
normative material for height- and sexdependent analysis of 24-h blood pressure
(12). As recommended by the authors of
this article, blood pressure was assessed
based on height rather than chronological
age of the patient. To compare diabetic
children with nondiabetic control subjects,
the difference between the individual blood
pressure measurement in the diabetic subject and the 50th percentile according to
height and sex in the reference group was
calculated for daytime and nighttime systolic and diastolic blood pressures. Nocturnal systolic and diastolic dipping were
calculated as (mean daytime pressure 2
mean nighttime pressure)/mean daytime
pressure 3 100 (%).
Yearly ABPM recordings were performed in all diabetic patients aged .10
years. All patients or their parents gave
informed consent. A total of 354 subjects
with type 1 diabetes were studied (167
males, 187 females). The average age at the
initial recording was 14.6 ± 4.2 years (mean
± SD; range 7.2–30.9); the duration of diabetes was 5.6 ± 5.0 years (0–21). Anthropometric data are summarized in Table 1.
Out of a total of 1,051 ABPM profiles, 40
were excluded because the patients were
taking antihypertensive medication for
hypertension or microalbuminuria at the
time of the recording. A total of 1,011
ABPM profiles were available, collected
between October 1989 and August 1997.
Up to nine recordings were available per
patient; 250, 178, and 117 patients had
two, three, and four consecutive recordings, respectively. Analysis of mean daytime
1152

and nighttime pressure, sex comparison
and relation to overweight, insulin therapy,
and metabolic control was based on the
first ABPM measurement in each of the
354 patients. As subgroups, adolescents
(age ,16 years) and young adults (age
$16 years) were analyzed separately. For
the longitudinal follow-up, 117 patients
who had completed at least four consecutive recordings were evaluated. For the relationship between ABPM and office blood
pressure, all 1,011 profiles were included.
All patients were treated with a free
mixture of regular and NPH insulin; 19%
of patients were on two injections per day,
41% on three, and 40% on four injections.
Repeated daily blood glucose measurements and self-adjustment of insulin dose
were encouraged irrespective of age. All
patients as well as their parents participated in a structured education program at
diagnosis as well as every 2–3 years thereafter. Patients were seen in our diabetes
outpatient department on average every
3.1 months.
HbA1c was measured by high-performance liquid chromatography (Microcolumn
System; Pharmacia, Freiburg, Germany)
every 3 months. The normal range for this
method, based on 93 healthy control subjects, is 3.5–5.7%, which falls 0.5% lower
than the Diabetes Control and Complications Trial reference lab (13). Until 1991,
ion exchange chromatography was applied
for measurement of HbA1c (normal range:
3.3–5.3%) (14). These values were mathematically adjusted to the current assay using
the SD-score method (15). To reflect longterm metabolic control, the median of all
HbA1c measurements during the year prior
to ABPM was calculated.
All relevant data from diabetic patients
are stored in a computer database system

RESULTS — Figure 1 relates the mean
daytime and nighttime blood pressures
from the first ABPM recording in 354
patients to height, in comparison with published data from 1,141 control subjects. To
quantitatively compare systolic and diastolic daytime and nighttime pressure
recordings in diabetic subjects with normal
control subjects, the difference between the
respective value in each patient and the
expected value according to height and sex
was evaluated. The mean systolic blood
pressure during daytime in patients was
3.1 ± 7.5 mmHg above the expected
value (mean ± SD; P , 0.0001, Wilcoxon’s
signed-rank test), while the mean daytime
diastolic pressure fell 0.1 ± 6.1 mmHg
below the reference (NS) (Fig. 2). In contrast, both systolic and diastolic mean pressures during nighttime were elevated (17.2
± 7.9 mmHg for nocturnal systolic and
14.2 ± 6.5 mmHg for nocturnal diastolic
pressure; P , 0.0001, Wilcoxon). Nocturnal dipping was significantly reduced: systolic dipping, 10.1 ± 5.0% compared with
13% in control subjects; diastolic dipping,
18.2 ± 7.3% vs. 23% in control subjects (P
, 0.0001, Wilcoxon). Results in young
adults (age $16 years) did not differ from
those in adolescents (age ,16 years).
DIABETES CARE, VOLUME 22, NUMBER 7, JULY 1999
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Data are means ± SD. P values refer to Wilcoxon test for between-sex comparison.

developed under the auspices of the German Secretary of Health at our institution;
this system is now widely used throughout
Germany (16). This program was compiled
with the Foxpro for Windows compiler
(Microsoft, Seattle, WA); relevant data were
extracted from the database using the dBase
V software (Borland, Scotts Valley, CA). Age,
height, weight, diabetes duration, daily dose
of insulin, number of insulin injections per
day, and the median HbA1c concentration
during the year prior to the ABPM recording
(excluding values measured at diagnosis)
were investigated. To analyze height, weight,
and BMI independently of age and sex, the
respective z scores were calculated based on
the Zurich longitudinal growth data (17).
Using the SAS software package (SAS
Institute, Cary, NC), Student’s t test and
analysis of variance were applied for normally distributed data, Kolmogorov test to
demonstrate normal distribution, and
Wilcoxon/Kruskal-Wallis test for non-normally distributed data, in addition to Pearson’s coefficient of correlation and multiple
regression analysis with Wald statistics. Significance was assumed for P values ,0.05.
Data are given as means ± SD in the text
and as means ± SEM in the figures.

Holl and Associates

For the analysis of sex differences,
again the first ABPM recording in each
patient was used. Of the patients, 167 were
male, 187 female. Male patients were
slightly older and slightly more overweight
compared with female patients (Table 1).
Compared with their respective control
subjects adjusted for height and sex, no
significant sex differences were present
between diabetic boys and girls for systolic
and diastolic pressure during daytime and
DIABETES CARE, VOLUME 22, NUMBER 7, JULY 1999

nighttime (Wilcoxon’s rank-sum test).
However, diastolic dipping was significantly reduced in male patients compared
with female patients (16.9 ± 7.8% compared with 19.3 ± 6.6%; P , 0.01,
Wilcoxon) (Fig. 2). No sex difference was
present for systolic dipping.
Overweight was significantly related to
systolic blood pressure in young patients
with diabetes. The z score for BMI (11.05
± 1.1 at the initial measurement) was
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Figure 1—Mean systolic and diastolic blood pressure during daytime and nighttime related to height
in 354 patients with type 1 diabetes. The 10th, 50th, and 90th percentiles taken from a multicenter study
in healthy control children (13) are displayed as dashed lines. A: Boys (n = 167); B: girls (n = 187).

significantly correlated with blood pressure excess for systolic pressure during daytime (r = 10.15, P , 0.006) and during
nighttime (r = 10.16, P , 0.002). No
significant relationship to overweight was
present for diastolic blood pressure. Using
simple correlation analysis, diabetes duration was related to daytime and nighttime
systolic and diastolic blood pressure in
type 1 diabetes (r = 10.25–0.30, P ,
0.0001). Long-term metabolic control was
evaluated by the median of all HbA1c measurements in a patient during the year
before ABPM recording. In the 354 patients
studied, long-term metabolic control was
inversely related to mean daytime systolic
(r = 20.17, P , 0.002) and nighttime systolic pressure (r = 20.14, P , 0.01). In
addition, the daily dose of insulin per kilogram of body weight was related to blood
pressure. The closest correlations with
insulin dose were found for mean daytime
systolic (r = 10.19, P , 0.0005) and diastolic (r = 10.18, P , 0.001) pressures. If
patients were stratified according to the
number of daily insulin injections, analysis
of variance revealed significantly higher
blood pressure in patients on more injections (daytime systolic pressure: P , 0.05;
daytime diastolic and nighttime systolic
pressures: P , 0.01; nighttime diastolic
pressure: P , 0.005).
Many of the anthropometric and metabolic factors studied are interrelated. Therefore, multiple linear regression analysis was
applied, using standardized BMI, duration
of diabetes, metabolic control, daily dose of
insulin, and injection frequency as independent parameters and standardizing for
age and sex. As dependent parameters,
daytime and nighttime systolic and diastolic pressure as well as systolic and diastolic nocturnal dipping were used. The
results, separately for adolescent and for
young adult patients, are summarized in
Table 2. F statistics for the whole model
and Wald statistics for the contribution of
individual parameters are provided. Overweight is the most relevant factor for systolic blood pressure during daytime or
nighttime in young adults. In addition,
duration of diabetes affects diastolic pressure in the adolescent group and metabolic
control is related to diastolic pressure in
adults. Neither diabetes duration, metabolic control, insulin dose, nor BMI affected
systolic or diastolic dipping.
Blood pressure variability, reflected by
the standard deviation of individual measurements around the mean pressure in the

Ambulatory blood pressure in pediatric type 1 diabetes

Table 2—Multiple linear regression analysis relating indices of 24-h blood pressure monitoring to diabetes duration, insulin dose, metabolic con trol (median HbA1c during the year before ABPM), and standardized BMI
Diabetes duration
Adolescent patients (,16 years of age)
(n = 252)
Daytime blood pressure
Systolic
Diastolic
Nighttime blood pressure
Systolic
Diastolic
Young adult patients ($16 years of age)
(n = 193)
Daytime blood pressure
Systolic
Diastolic
Nighttime blood pressure
Systolic
Diastolic

Insulin dose

Metabolic control

z score for BMI

F statistics

0.21 (NS)
0.38 (P , 0.001)

4.10 (P , 0.03)
2.69 (P = 0.07)

–0.11 (NS)
0.09 (NS)

0.63 (P = 0.1)
0.33 (NS)

3.86 (P , 0.002)
4.73 (P , 0.0001)

0.21 (NS)
0.41 (P , 0.001)

3.96 (NS)
0.27 (NS)

–0.08 (NS)
0.07 (NS)

1.19 (P , 0.004) 3.62 (P , 0.002)
0.24 (NS)
3.68 (P , 0.002)

–0.12 (NS)
0.08 (NS)

4.87 (P = 0.09)
2.05 (NS)

0.29 (NS)
0.7 (P , 0.0001)

1.66 (P , 0.003)
0.19 (NS)

3.17 (P , 0.003)
5.64 (P , 0.0001)

–0.15 (NS)
0.00 (NS)

3.02 (NS)
3.38 (NS)

0.07 (NS)
0.45 (P , 0.006)

1.41 (P , 0.01)
0.09 (NS)

1.92 (P = 0.08)
2.79 (P , 0.02)

Adolescent and young adult patients are analyzed separately, using the first ABPM recording of each patient in the respective age-group. Data are corrected for age and
sex. The estimate for the contribution of each parameter, together with the respective P value as derived by Wald statistics in parentheses, are given for each model. The
last column shows the F statistics and the P values for the entire model.
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blood pressure and the height- and sexadjusted mean in the reference population
did not increase over time for either parameter. Nocturnal dipping did not change
during follow-up for systolic pressure
(9.9% on the 1st measurement, 9.6% on
the 4th measurement); however, diastolic
dipping significantly and steadily decreased
from the 1st measurement (17.9%) to the
4th measurement (15.2%; P , 0.03).
Blood pressure variability did not change
over the observation period (daytime or
nighttime, systolic or diastolic).
For all 1,011 measurements available,
daytime mean systolic and diastolic blood
pressures were related to the office blood
pressure measurement taken during the visit
to the outpatient clinic. A highly significant
correlation was present (r = 10.54 for sysFigure 2—Relevant indices of 24-h blood pressure profiles in 354 pediatric patients with diabetes. Data
are means ± SEM of the first measurement in each patient for all patients (j), boys (n = 167) ( ), and tolic and r = 10.40 for diastolic pressure;
girls (n = 187) ( ). Significant differences between sexes are indicated by P values; for statistical com - P , 0.0001, Pearson). However, regression
parison to the reference population, see RESULTS. BP variability, blood pressure variability for the day - analysis revealed that the regression line was
significantly different from the line of identime and nighttime systolic and diastolic recordings.
tity. The equations relating the mean daytime
patient for the respective period, might also sex and overweight were significantly and systolic or diastolic pressure (RRsys-mean or
be relevant for diabetes. Variability was positively associated with the variability of RRdia-mean) to office blood pressure recording
significantly reduced in female subjects systolic and diastolic blood pressure during (RRsys-o or RRdia-o) were
compared to males for systolic and diastolic day and night. In addition, age and insulin
daytime and nighttime pressures (daytime dose affected nighttime systolic and diasRRsys-mean = 0.299 3 RRsys-o 1 83.6
systolic, P , 0.01; daytime diastolic, P , tolic blood pressure variability.
0.0005; nighttime systolic, P , 0.005; and
Prospective yearly follow-up measure- and
nighttime diastolic, P , 0.01 [Wilcoxon’s ments of ABPM for at least 4 years were
signed-rank test]) (Fig. 2). Using multiple available in 117 patients. As depicted in
RRdia-mean = 0.276 3 RRdia-o 1 53.1
regression analysis and Wald statistics, male Fig. 3, the difference between patients’
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CONCLUSIONS — Hypertension is
clearly more prevalent in adult patients with
longstanding diabetes (19), and even more
so in the subgroup with diabetic nephropathy (20). Two conflicting hypotheses for
hypertension in diabetic subjects have been
proposed: secondary hypertension might
be the consequence of diabetic nephropathy, or alternatively, the presence of hypertension in a diabetic patient might promote
the onset of renal changes with a subsequent further increase in blood pressure. To
address this question, it is relevant to study
the prevalence of hypertension in young
patients with a relatively short duration of
diabetes. In our large sample of adolescent
and young adult patients, daytime systolic
pressure was slightly elevated compared
with healthy control subjects, while daytime diastolic pressure was normal in diabetic subjects. Daytime blood pressure did
not increase further during the 4-year-follow-up period, and in the multiple linear
regression analysis, diabetes duration had
an influence only on diastolic pressure in
adolescents, but not in adults with diabetes. Even if an elevation of systolic daytime blood pressure of 3.1 mmHg is
significant due to the large number of subjects studied, on clinical grounds this elevation is small. Our finding—that the
prevalence of hypertension is not dramatically increased in young patients with a
DIABETES CARE, VOLUME 22, NUMBER 7, JULY 1999

Figure 3—Mean difference of 24-h blood pressure parameters in diabetic patients from the respective
normal values based on height and sex during a prospective follow-up for 4 years in 117 pediatric
patients. The mean chronological age at the time of each measurement is indicated in parentheses. Bars
represent means ± SEM. No significant changes during the follow-up period were noted for systolic or
diastolic blood pressure during daytime and nighttime.

short duration of the disease—is confirmed
by a study comparing blood pressure in
young diabetic patients with their nondiabetic siblings (21).
Nocturnal systolic and diastolic pressures were significantly higher in patients
compared to published normal ranges, and
the nocturnal dipping was reduced. Similar
data were reported in a small study of 28
diabetic children without albuminuria (11).
Two explanations are possible. First, reduced nocturnal blood pressure fall is
indicative of secondary (renal) hypertension, as circadian blood pressure variability
is usually absent in patients with secondary
hypertension (22). In adults, circadian variation was only moderately disturbed in
microalbuminuric patients, while a marked
reduction of nocturnal blood pressure fall
was present in patients with advanced diabetic nephropathy (8,20,23). However, a
second possible explanation is that reduced
nocturnal dipping may also be a sign of
early diabetic neuropathy (24). We have
previously demonstrated that asymptomatic cardiac neuropathy is present in children and adolescents even with a short
duration of diabetes, closely related to longterm metabolic control (25). Metabolic
control had a significant influence on both
daytime as well as nighttime diastolic pressure in young adults in our study.
Our data revealed a relationship between overweight and systolic hypertension.

Interestingly, this relation is much stronger
for adolescents and young adults than for
older subjects (26). As a group, adolescents
with diabetes were found to be overweight
in several studies (27,28), a factor that is
likely to explain, at least in part, elevated systolic daytime and nighttime blood pressure.
The finding that insulin dose is positively
related to some indices of 24-h blood pressure may be explained by sodium retention,
as the daily injected insulin dose has been
shown to dose-dependently increase the
total exchangeable sodium pool in isotope
studies (29). Hyperinsulinism in essential
hypertension has repeatedly been demonstrated both in pediatric and adult patients
(30,31), and insulin concentrations in diabetic patients are clearly elevated in peripheral blood due to the unphysiologic
application of insulin into the subcutaneous
tissue instead of the physiological release
into the portal circulation.
Blood pressure variability has been
proposed as a further parameter derived
from 24-h blood pressure profiles; however, the clinical relevance is still debated
(19). In patients aged .55 years, daytime
systolic blood pressure variability has been
shown to be a strong predictor of early
carotid atherosclerosis (32). In this context, it is interesting for the interpretation
of this finding that overweight was positively correlated to blood pressure variability in our study.
1155

Downloaded from http://diabetesjournals.org/care/article-pdf/22/7/1151/449869/10388981.pdf by guest on 19 January 2022

for systolic and diastolic pressure, respectively. No significant differences between
male and female subjects were present.
The classification as normotensive or
hypertensive in 1,011 ABPM recordings
was compared with the office blood pressure measurement taken at the clinic visit.
Based on the criteria published by the Second Task Force on Hypertension in Childhood (18), office systolic blood pressure
was classified as elevated (.95th percentile
for age and sex) in 257 measurements
(25.4%). ABPM confirmed hypertension in
83 out of 257 (32%), while 174 ABPM
recordings were classified as normal (daytime mean systolic pressure below the 95th
percentile based on 1,141 healthy control
subjects [12]). The probability of whitecoat hypertension in the presence of an elevated systolic office blood pressure
measurement is therefore 68%. Diastolic
office blood pressure was elevated in only
14 out of 1,011 recordings (1.4%); in 13
out of these 14 measurements (93%), the
corresponding daytime mean diastolic pressure in ABPM fell below the 95th percentile.

Ambulatory blood pressure in pediatric type 1 diabetes
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confirmed for patients with diabetes in the
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In conclusion, our data indicate that
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autonomic neuropathy. ABPM provides a
valuable tool to detect patients with whitecoat hypertension and avoid unnecessary
antihypertensive therapy.
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