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Purpose: To examine the characteristics of ambulatory blood pressure (ABP) 
including blood pressure variability (BPV) and its association with albuminuria in 
type 1 diabetic (T1D) children and to identify potential predictors of high-normal 
albuminuria and microalbuminuria. 
Methods: ABP monitoring was performed in 201 T1D children and adolescents 
(mean age, 14.7±3.8 years) with T1D duration over 1 year. The level of albuminuria 
was assessed as the albumin/creatinine ratio (ACR) and patients were further 
classified as low-normal, high-normal or microalbuminuria. 
Results: Fifteen T1D children (7.5%) were hypertensive using office blood pressure 
(BP) and 10 (5%) according to ABP. T1D subjects had elevated 24-hour systolic 
BP (SBP) and diastolic BP (DBP) (+0.2 and + 0.3 standard deviation score [SDS]) 
and nighttime SBP and DBP (+0.6 and +0.8 SDS) compared to reference values. 
Patients with microalbuminuria had significantly higher 24-hour, daytime and 
nighttime DBP compared to normoalbuminuric subjects. There was a high 
percentage of nondippers (74.1%).  Nighttime diastolic BPV was significantly higher 
in subjects with high-normal compared to low-normal albuminuria (P=0.01). A 
weak correlation was found between ACR and daytime DBP SDS (r=0.29, P<0.001 
and nighttime DBP SDS (r=0.21, P=0.003). Age and nighttime diastolic BPV were 
predictors of high-normal albuminuria while nighttime DBP was a strong predictor 
for microalbuminuria. 
Conclusion: T1D children have impaired BP regulation although most of them do 
not fulfill the criteria for sustained hypertension. There is an association between 
diastolic ABP and diastolic BPV with rising levels of albuminuria pointing to a clear 
connection between BP and incipient diabetic nephropathy.
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Highlights

· Children and adolescents with type 1 diabetes have elevated 24-hour and nighttime 
systolic and diastolic BP compared to general pediatric population

· Nighttime DBP and diastolic BPV are independent predictors for microalbuminuria and 
high normal albuminuria, respectively

Introduction

Cardiovascular disease remains the leading cause of morbidity and mortality in adults 
with type 1 diabetes mellitus (T1D).1) Blood pressure (BP) regulation represents an important 
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Medical Instrumentation) standards (DuraShock DS54 Thumbscrew; 
Welch Allyn, Skaneateles Falls, NY, USA). BP was measured in the 
seated position on the nondominant arm after a rest of 10 minutes 
minimum. There were three measurements with an interval of 
3–5 minutes between measurements. The average of  the last 2 
measurements was used as patients' office BP. Office BP was defined 
as normal if all measurements were <90th percentile or <130/85 
mmHg for 16 years and older; high-normal when BP was ≥90th and 
<95th percentile for age, sex and height or 130–139/85–89 mmHg for 
16 years and older and as hypertension if BP was ≥95th percentile or 
≥140/90 mmHg for 16 years and older according to the 2016 European 
Society of Hypertension guidelines.10) 

ABPM was performed using the oscillometric device (Mobil-O-
Graph M01100120; I.E.M.GmbH, Stolberg, Germany) with adapted 
cuff size placed on the nondominant arm according to the current 
guidelines.11) The accuracy of the automated measurements performed 
in each subject by the oscillometric device was verified with a 
sphygmomanometer at the beginning of the test period. The monitor 
was programmed to measure the BP at 15 min intervals during the 
day (07–22 hours) and at 30 minutes intervals during the night (22–07 
hours). Children were asked to keep their arm relaxed during each 
daytime inflation. Each patient kept a diary of his/her daytime activities 
and recorded the actual sleep time period as well as the quality of sleep. 
All ABPM raw data were screened for errors. Values falling outside of 
the recommended range were excluded. ABPM was performed during 
a weekday including normal daily activities but avoiding vigorous 
exercises. ABPM was considered valid if there was a minimum of 58 
(75%) BP readings over 24 hours with a minimum of one reading 
per hour, including during the sleeping period. The widely accepted 
normative data for ABPM from a European cohort were used.12) 
Normal nocturnal dipping was defined as a decrease in both systolic 
and diastolic mean nocturnal BP of at least 10% from mean daytime 
systolic BP (SBP) and daytime diastolic BP (DBP). BPV was estimated 
as the standard deviation (SD) of the average of all valid measurements 
of SBP and DBP during 24-hour, daytime, and nighttime periods. The 
24-hour BPV was not taken into account because the magnitude of 
nocturnal BP fall may blur the 24-hour SD of BP markedly.13) Masked 
hypertension was defined as office BP below the 95th percentile and 
mean ambulatory BP over the 95th percentile with ≥25% BP load on 
ABPM.14) White coat hypertension (WCH) was diagnosed if office BP 
was ≥95th percentile and mean ambulatory BP <95th percentile. Each 
patient's BP value was converted to a standard deviation score (SDS) 
using height- and gender-adjusted normative values.12)

Laboratory investigation at the time of ABPM included glycosylated 
hemoglobin (HbA1c) and serum creatinine. Urine albumin and 
creatinine were analyzed from the first morning spot sample on three 
occasions at three-month intervals. 

The patient was considered microalbuminuric if a minimum of 2 
out of 3 samples had an albumin/creatinine ratio (ACR) of 2.5–25 mg/
mmol (22.1–221.2 mg/g) in males and 3.5–25 mg/mmol (30.9–221.2 
mg/g) in females according to the ISPAD (International Society for 
Pediatric and Adolescent Diabetes) 2018 Guidelines.15) Values above 
the upper limit of microalbuminuria denoted macroalbuminuria. 
Normoalbuminuric values were additionally classified as low-normal 
and high-normal albuminuria. Low-normal albuminuria was defined 
as lower tertile of normoalbuminuric range (ACR <0.83 mg/mmol 
or <7.35 mg/g in males and <1.1 mg/mmol or <9.73 mg/g in females) 
while high-normal albuminuria was defined as middle and upper 
tertile of normoalbuminuric range (ACR ≥0.83 and ≤2.5 mg/mmol or 
≥7.35 and ≤22.1 mg/g in males and ≥1.1 and ≤3.5 mg/mmol or ≥9.73 
and ≤30.9 mg/g in females). Albumin in the urine was measured by the 

modifiable risk factor for the development of cardiovascular 
disease and consequently for the overall outcome in these 
patients. Despite the current recommendations on regular BP 
measurement, hypertension in T1D children and adolescents is 
often underdiagnosed.2) 

Although office BP measurement is considered the method of 
choice in diagnosing hypertension in children, an abnormal BP 
pattern can frequently go unrecognized. Ambulatory 24-hour 
BP monitoring (ABPM) provides more accurate insight into BP 
regulation, including at night, with more reproducible BP values 
compared to office BP measurements.3) 

The seminal paper of Lurbe et al.4) was first to show that 
an increase in nocturnal BP precedes the development of 
microalbuminuria in adolescents and young adults with T1D. 
Other studies later confirmed that alterations in nocturnal BP in 
particular seem to contribute to diabetes complications such as 
microalbuminuria.5,6) Furthermore, Darcan et al. demonstrated 
an association between 24-hour diastolic BP load and incipient 
nephropathy in normotensive children and adolescents with 
T1D.7) In addition, in a 6-year follow-up study in T1D children, 
kidney biopsy results showed more severe morphological 
changes in those with impaired BP regulation.8) 

Besides standard ABP parameters, BP variability (BPV) has 
emerged as an established cardiovascular risk factor in adults. 
However, the data on its significance in the pediatric population, 
especially in T1D children, are deficient.9)

The aims of our study were: (1) to analyze the characteristics 
of ABP in T1D children, (2) to establish if there is an association 
between ABP parameters including BPV and different levels of 
albuminuria, and (3) to identify potential predictors of high-
normal albuminuria and microalbuminuria in T1D children.

Materials and methods

1. Patients

This cross-sectional study included 201 T1D children and adole -
scents (111 girls and 90 boys) aged 5–20 years with duration of diabetes 
mellitus over 1 year. The patients were followed up at the Department 
of Pediatrics, Sestre Milosrdnice University Hospital Center, Zagreb, 
Croatia. Children and adolescents using medications that could 
affect BP or albuminuria (antihypertensive drugs, steroids, estrogens, 
nonsteroidal anti-inflammatory drugs) as well as patients whose ABPM 
did not meet the standardized requirements were not included in the 
study. None of the patients were in a honeymoon period.

Informed consent for participation in the study was obtained from 
all patients included in the study as well as from the parents for those 
under 18 years. 

2. Methods

At the inclusion to the study, body height and weight were recorded 
and body mass index was calculated. All patients had their office BP 
measured followed by ABPM.

Office BP was measured using a sphygmomanometer device 
clinically validated to AAMI (Association for the Advancement of 
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immunonephelometric method (Behring Nephelometer Analyzer II, 
Siemens, Malvern, PA, USA). Urine and serum creatinine and HbA1c 
were determined by standardized biochemical methods.

Glomerular filtration rate was estimated by Schwartz formula for 
those up to 18 years while for adolescents over 18 years CKD-EPI 
formula was used. To determine the level of metabolic control for each 
patient, the average of HbA1c values in the last 12 months were used.

3. Statistical analysis 

Normality of data distribution was tested using the Kolmogorov-
Smirnov test. Comparison between groups was performed using the 
Student t-test for normally distributed variables, and Mann-Whitney 
U-test for not normally distributed variables. The Pearson correlation 
coefficient was calculated to assess the correlation between numerical 
variables. MedCalc version 10.4.0.0 (MedCalc Software, Ostend, 
Belgium) was used for the analysis. The simultaneous relationship of 
multiple prognostic factors with high-normal albuminuria as well as 
with microalbuminuria was determined using the multiple logistic 
regression model with a stepwise selection of the significant prognostic 
variables. Data are presented as the mean±SD. All tests were two-sided. 
A P-value of ≤0.05 was considered statistically significant.

Results

1. Characteristics of the study population

The characteristics of the study population are presented 
in Table 1. The mean age of the T1D subjects was 14.7±3.8 
years with mean diabetes duration of 6.9±4.2 years (range, 
1.1–16.4 years). Of 201 subjects, 158 (78.6%) had low-normal 
albuminuria, 36 (17.9%) had high-normal albuminuria and 
7 (3.5%) had microalbuminuria. None of the subjects had 
macroalbuminuria. The average HbA1c of the whole group was 
8.2%. Among them, 35.3% of subjects had HbA1c <7.5%, 44.2% 

had HbA1c ≥7.5 ≤9% and 20.4% had HbA1c >9%. Subjects with 
microalbuminuria had significantly higher HbA1c compared 
to children with normoalbuminuria (Mann-Whitney U-test, 
P=0.006). There was no difference in glomerular filtration rate 
between albuminuria subgroups. 

2. Office BP

According to the office BP measurements, 169 (84%) T1D 
children were normotensive, 17 (8.5%) had high-normal BP 
and 15 (7.5%) had stage 1 hypertension. None of the subjects 
had stage 2 hypertension or isolated systolic hypertension. 
Systolic but not diastolic office BP was significantly higher in 
microalbuminuric compared to normoalbuminuric subjects 
(Mann-Whitney U-test, P=0.034 and P=0.429, respectively) 
(Table 1). 

3. Ambulatory BP monitoring

The 24-hour ABPM showed normal BP in 151 subjects 
(75.1%), prehypertension in 24 (11.9%), masked hypertension in 
12 (6%) and WCH in 4 subjects (2%). The diagnosis of sustained 
ambulatory hypertension was confirmed in 10 (5%) subjects of 
which 7 (3.5%) had ambulatory hypertension and only 3 (1.5%) 
were classified as having severe ambulatory hypertension.  

As a group, T1D subjects had elevated 24-hour SBP and DBP 
(+0.2 SDS and +0.3 SDS) as well as nighttime SBP and DBP (+0.6 
SDS and +0.8 SDS) compared to reference values. Daytime DBP 
was lower in T1D subjects (-0.3 SDS) while daytime SBP did not 
differ from the reference values (0.0 SDS) (Fig. 1).  

Analysis of  ABP by level of  albuminuria showed no 
differences between patients with low-normal and high-normal 
albuminuria in any of the ABP parameters. However, patients 

Table 1. Clinical and basic metabolic characteristics of the study population by the level of albuminuria

Variable Total Low normal 
albuminuria

High normal 
albuminuria P-value† Microalbuminuria P-value‡

No. 201 158 (78.6) 36 (17.9) 7 (3.5)
Age (yr) 14.7±3.8 14.9±3.8 13.2±3.9 0.017* 16.4±1.5 0.336
Male ratio 44.8 55.7 55.6 0.865 42.9 0.777
Height (cm) 161.4±16.9 162.1±15.8 156.1±19.9 0.079 172.5±17.5 0.236
Weight (kg) 56.1±17.6 57.0±17.2 50.6±19.7 0.054 63.7±10.2 0.246
BMI (kg/m2) 21.2±5.3 21.5±5.5 50.6±19.7 0.074 21.4±1.6 0.622
BMI SDS 0.4±1.0 0.39±0.9 0.24 ±1.1 0.418 0.20±0.59 0.673
Diabetes duration (yr) 6.9±4.2 6.9±4.3 6.8 ±4.1 0.894 5.4±3.1 0.337
HbA1c (%) 8.2±1.6 8.0±1.4 8.5±1.7 0.131 10.5±2.5 0.006*

Insulin dose (IU/kg/day) 0.79±0.22 0.78±0.23 0.85±0.14 0.023* 0.82 ±0.22 0.718
eGFR (mL/min/1,73 m2) 117.6±18.4 116.6±17.6 119.9±22.1 0.346 126.6±14.7 0.189
Office SBP (mmHg) 112.0±12.4 112.2±12.5 109.5±11.7 0.214 121.4±9.9 0.034*

Office DBP (mmHg) 70.6±8.9 70.4±8.9 70.7±8.6 0.860 72.9±9.1 0.429
Values are presented as number (%) or mean±standard deviation.
BMI, body mass index; SDS, standard deviation score; HbA1c, glycosylated hemoglobin; IU, international unit; eGFR, estimated glomerular 
filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*P<0.05, statistically significant differences. †P-value difference between low normal and high normal albuminuria. ‡P-value difference 
between normal albuminurija (low and high normal albuminuria) and microalbuminuria.
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with microalbuminuria had significantly higher 24-hour, 
daytime and nighttime DBP compared to normoalbuminuric 
subjects (low-normal+high-normal albuminuria) (Student 
t-test, P=0.03, P<0.01, and P<0.01, respectively) (Table 2).

In T1D children, average nocturnal dipping was reduced for 
SBP (8.1%±7.1%) but remained normal for DBP (14.8%±6.1%) 
without differences by the level of albuminuria (Table 2). Of 
201 T1D subjects, 149 (74.1%) showed a nondipping pattern. 

Among them, 115 (77.2%) were systolic nondippers while 34 
(22.8%) showed a nondipping pattern for both SBP and DBP. 
There were no isolated diastolic nondippers.

In our T1D children the average daytime BPV was higher 
than nighttime BPV and the systolic BPV was higher than 
diastolic BPV. There was no difference in BPV between the 
normoalbuminuric and microalbuminuric groups. Nighttime 
diastolic BPV was significantly higher in subjects with high-
normal albuminuria compared to those with low-normal 
albuminuria (Student t-test, P=0.01) (Table 3). 

A statistically significant weak correlation was found between 
ACR and the following ABP parameters: daytime DBP SDS 
(r=0.29; 95% confidence interval [CI], 0.15–0.41; P<0.001) and 
nighttime DBP SDS (r=0.21; 95% CI, 0.07–0.34; P=0.003).

A statistically significant weak correlation was also found 
between HbA1c and the following ABP parameters: 24-hour 
DBP SDS (r=0.23; 95% CI, 0.09–0.35; P=0.001), daytime DBP 
SDS (r=0.27; 95% CI, 0.14–0.40; P<0.001), and nighttime DBP 
SDS (r=0.25; 95% CI, 0.11–0.37; P<0.001).

4. Predictors of different levels of albuminuria

Significant independent prognostic factors for high-normal 
albuminuria selected with multivariate logistic regression were 
age (odds ratio [OR], 0.857; 95% CI, 0.773–0.949) and nighttime 
diastolic BPV (OR, 1.207; 95% CI, 1.023–1.425).

The only significant independent prognostic factor for 
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Fig. 1. Ambulatory blood pressure (BP) of diabetic children and adolescents 
expressed as the standard deviation score (SDS). Zero SDS value represents 
the reference SDS value of the general pediatric population. SBP, systolic blood 
pressure; DBP, diastolic blood pressure.

Table 2. Ambulatory blood pressure parameters of the study population by the level of albuminuria

Variable All patients
(n=201)

Low normal 
albuminuria (n=158)

High normal 
albuminuria (n=36) P-value† Microalbuminuria

(n=7) P-value‡

24-Hr SBP SDS 0.2±0.7 0.2±0.7 0.2±0.8 0.93§ 0.2±0.8 0.84*

24-Hr DBP SDS 0.3±1.1 0.2±1.1 0.3±1.0 0.76§ 1.2±0.6 0.03*

Daytime SBP SDS -0.0±0.7 -0.0±0.7 -0.0±0.7 0.92§ -0.1±0.8 0.77*

Daytime DBP SDS -0.2±1.1 -0.2±1.0 -0.3±1.0 0.88§ 1.0±1.4 <0.01*

Nighttime SBP SDS 0.6±0.7 0.6±0.7 0.6±0.8 0.66§ 0.8±0.5 0.52*

Nighttime DBP SDS 0.9±0.9 0.9±0.9 0.9±0.6 0.95§ 2.3±0.6 <0.01*

Nocturnal dipping SBP (%) 8.1±7.1 8.3±7.7 7.8±4.2 0.85∥ 6.3±4.1 0.18†

Nocturnal dipping DBP (%) 14.8±6.1 14.9±6.3 15.2±5.4 0.81§ 11.4±6.1 0.13*

Values are presented as mean±standard deviation.
SBP, systolic blood pressure; SDS, standard deviation score; DBP diastolic blood pressure.
*P<0.05, statistically significant differences. †P-value difference between low normal and high normal albuminuria. ‡P-value difference 
between normal albuminuria (low and high normal albuminuria) and microalbuminuria. §Student t-test; ∥Mann Whitney test.

Table 3. Blood pressure variability of the study population by the level of albuminuria

Variable All patients
(n=201)

Low normal 
albuminuria (n=158)

High normal 
albuminuria (n=36) P-value† Microalbuminuria

(n=7) P-value‡

Daytime SD SBP (mmHg) 10.2±2.6 10.3±2.7 10.1±2.5 0.89∥ 8.7±2.1 0.07∥

Daytime SD DBP (mmHg) 8.1±1.9 8.1±1.9 8.2±1.8 0.59∥ 7.0±1.6 0.12∥

Nighttime SD SBP (mmHg) 9.5±3.2 9.6±3.3 9.5±2.7 0.99§ 8.5±2.4 0.37*,§

Nighttime SD DBP (mmHg) 7.6±2.2 7.5±2.3 8.2±1.7 0.01*,§ 7.7±3.2 0.52∥

Values are presented as mean±standard deviation (SD).
SBP, systolic blood pressure; DBP diastolic blood pressure.
*P<0.05, statistically significant differences. †P-value difference between low normal and high normal albuminuria. ‡P-value difference 
between normal albuminuria (low and high normal albuminuria) and microalbuminuria. §Student t-test; ∥Mann Whitney test.
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microalbuminuria selected with multivariate logistic regression 
was nighttime DBP (OR, 5.608; 95% CI, 1.985–15.847). Neither 
diabetes duration nor HbA1c was selected as a significant 
independent predictor for high-normal albuminuria or 
microalbuminuria (Table 4).

Discussion

The main findings of our study are: (1) elevated 24-hour and 
nighttime SBP and DBP indicate impaired BP regulation in 
T1D children and adolescents, although most of them did not 
meet the criteria for diagnosis of sustained hypertension; (2) 
in T1D children and adolescents, nighttime DBP and diastolic 
BPV were significant independent prognostic factors for 
microalbuminuria and high-normal albuminuria, respectively.

BP values in our T1D children estimated according to 
the office BP measurements demonstrated a prevalence of 
hypertension (7.5%) similar to other studies. In the SEARCH 
study, which included 3,691 American diabetic children and 
adolescents, the prevalence of elevated BP (BP ≥95 percentile) 
was 5.9%, while in the German cohort it was 8.1%.16,17) 
Interestingly, when using the 2017 American Academy of 
Pediatrics guidelines (data not shown), the percentage of 
hypertensive children in our cohort was slightly higher (8.7%) 
than the prevalence according to the ESH classification with a 
high percentage of children with elevated BP (22.2%).11)

Our ABPM data were mainly in concordance with office 
measurements, although they revealed a notably lower 
prevalence of ambulatory hypertension (5%) compared to 
other studies in which prevalence of hypertension in T1D 
children was around 29%.18,19) A possible explanation for the 
higher prevalence in other studies is that they included not only 
ambulatory 24-hour but also isolated daytime, nighttime or 
masked hypertension. The prevalence of masked hypertension 
in our group (6%) was also lower compared to other studies in 
T1D children and data from the general population with stated 
prevalence of 9.5%–12.4%.18-20) The importance of diagnosing 
masked hypertension in children results from the fact that 

in youth, masked hypertension is a precursor of sustained 
hypertension and is associated with a risk of cardiovascular 
events and target organ damage comparable to sustained 
hypertension.21)

Data on the prevalence of WCH in T1D children are found in 
a wide range (between 3.7% and 32%) depending on the study 
population and timing of BP assessment, with higher prevalence 
when BP is assessed at the time of diagnosis instead of later 
during the follow-up.18,19) In our subjects with duration of T1D 
>1 year, prevalence of WCH was rather low (2%), probably 
because our patients were in familiar surroundings that lacked 
the "white coat" effect. Research into the implications and long-
term risk of WCH for children and adolescents is hindered 
primarily by the lack of  follow-up. However, precaution 
is needed since some large adult studies demonstrated an 
increased risk for cardiovascular and all-cause mortality in 
subjects with untreated WCH.22)

Although most of the T1D subjects in our cohort were 
normotensive, the comparison of their ABP data with reference 
values revealed an altered BP pattern with elevated 24-hour 
and nighttime SBP and DBP. Similar to our results, Dost et 
al.23) found elevated daytime SBP and nighttime SBP and DBP 
compared with the historic controls. The high prevalence of 
ABP abnormalities in T1D children including 24-hour, daytime 
and nighttime SBP, DBP and mean arterial BP indices was also 
observed in a recently published smaller Canadian study.24)

Several studies have confirmed that early changes in ABP 
occur concomitantly with a rise in ACR even within the normal 
albuminuria range, pointing to a possible link between impaired 
BP regulation and development of diabetic nephropathy. 
Gallego et al.25) found that patients with high-normal ACR had 
higher daytime and nighttime SBP and DBP compared to those 
with low-normal ACR, while Marcovecchio et al. demonstrated 
that increasing albumin excretion, even in the normal range, 
may be associated with parallel rises in ABP.26)

Our results did not confirm the differences in ABP 
between high- and low-normal albuminuria groups, but 
did demonstrate significantly higher DBP in all periods of 
ABPM in microalbuminuric subjects compared to those 
with normoalbuminuria. Furthermore, correlation analysis 
confirmed a positive association between DBP and ACR in 
our T1D subjects. In another recently published study by 
Saygili et al.,27) a 24-hour mean arterial BP-SDS was the only 
independent risk factor for microalbuminuria. They also found 
that high averaged HbA1c is independently associated with 
higher daytime and nighttime SBP-SDS and nighttime DBP-
SDS. Similarly, our study confirmed a correlation between 
HbA1c and DBP in all time periods. It might be concluded that 
metabolic control and BP regulation in T1D children are closely 
correlated and impact the development of diabetic nephropathy.

Altered ABP profiles in microalbuminuric T1D children 
were also observed in the study by Dost et al., where higher 
nocturnal BP was identified as a marker of microalbuminuria.23) 
In our study nighttime DBP was determined as a predictor of 
microalbuminuria while nighttime diastolic BPV and younger 

Table 4. Predictors of high-normal albuminuria and micro-
albuminuria
Variable OR 95% CI
High-normal albuminuria

Age 0.857 0.773–0.949
Diabetes duration 0.997 0.891–1.115
HbA1c 0.640 0.243–1.689
SD DBP night 1.207 1.023–1.425

Microalbuminuria
Age 1.157 0.912–1.467
Diabetes duration 0.906 0.740–1.109
HbA1c 0.295 0.035–2.502
DBP-SDS night 5.608 1.985–15.847

OR, odds ratio; CI, confidence interval; HbA1c, glycosylated 
hemoglobin; SD, standard deviation; DBP diastolic blood 
pressure; SDS, standard deviation score.
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age were predictors of high-normal albuminuria. Contrary to 
some authors, in our study diabetes duration was not identified 
as a factor influencing the presence of microalbuminuria or 
high-normal albuminuria, supporting some earlier reports.23,28)

Although the patterns of ABP profiles in T1D patients are 
not uniform and might differ slightly between the studies, the 
vast majority of research confirms that abnormal BP regulation 
and its association with rising levels of albuminuria indicates 
the need for regular BP controls in T1D children and early 
intervention in cases of confirmed hypertension.

Factors involved in the altered BP circadian rhythm in 
diabetic patients are not fully understood. Blunted nocturnal 
dipping (nocturnal BP fall <10% from diurnal levels) is a well-
established prognostic risk factor for unfavorable cardiovascular 
outcomes and target organ damage in adults, including 
diabetics.29) Its prognostic value in the pediatric population is 
not clearly determined mostly because of the lack of follow-up 
studies. In T1D children a loss of the nocturnal SBP dip may 
be a sensitive marker for incipient diabetic nephropathy.4) The 
percentage of nondipping in T1D children differs between 
studies, but in most it is rather high, ranging from 41.2% to 
as high as 70.4%.7,18,19,26) Our results even exceed those values 
(74.1%), indicating a very high proportion of children with the 
additional cardiovascular risk factor of nondipping.

The assessment of BPV allows for a more comprehensive 
evaluation of BP. In adults, BPV plays an important role in 
the progression of target organ damage and the triggering 
of  vascular events.30) Moreover, the evidence shows that 
an increased BPV in childhood is  predictive of  adult 
hypertension.31) The literature on BPV in children is rather 
scarce, especially in T1D children. Further, the reference values 
on BPV in children are lacking. BPV in our T1D children was 
similar to the values in children with primary and secondary 
hypertension and was higher for both systolic and diastolic 
variability (from 0.1 SDs for nighttime diastolic BPV to 1.3 SD 
for daytime diastolic BPV) when compared to another study of 
T1D children, although none of these values exceeded either 
16 mmHg daytime SD SBP or 12.2 mmHg nighttime SD SBP, 
which are the suggested cutoffs for greater risk of cardiovascular 
events in adults.23,32-34) Data on higher BPV that describe the 
fluctuations of BP between measurements is important as it 
presents the state of elevated cardiovascular risk even in the 
absence of hypertension. In our cohort, nighttime diastolic BPV 
was a significant independent prognostic factor for high-normal 
albuminuria. Since there are no similar data in the literature, 
these results and their clinical relevance need to be tested in 
future studies. 

Similarly, in Dost et al.23) the difference in BPV was compared 
between normoalbuminuric and microalbuminuric T1D 
patients and a significant difference was confirmed for daytime 
diastolic BPV.

The present study has several limitations. First, there was 
no control group and ABPM values had to be compared with 
reference values, although each patient's BP value was converted 
to a SDS using height- and gender-adjusted normative values. 

Second, our T1D group was quite heterogeneous in terms of age 
and disease duration and third, our microalbuminuria subgroup 
was relatively small therefore statistical power for these results is 
limited.

In conclusion, our results show that T1D children and 
adolescents have impaired BP regulation even though most 
of them do not fulfill the criteria for hypertension, indicating 
higher cardiovascular risk despite mostly normal office BP. In 
T1D children we also found an association not only between 
diastolic ABP but also BPV with rising levels of albuminuria 
pointing to a clear connection between BP and incipient 
diabetic nephropathy.

Office BP measurement is a part of standard follow-up in 
T1D children and adolescents but has many limitations. It does 
not provide information on circadian rhythm, nocturnal BP 
dipping, BPV or the presence of masked hypertension, which 
are all known cardiovascular risk factors. Performing ABPM 
provides additional valuable data on BP regulation and enables 
early intervention in cases of altered ABP parameters. Therefore, 
whenever possible ABPM should become a part of the routine 
diagnostic procedure in pediatric T1D patients.

Ethical statement

Ethical approval was given by the Ethics Committee of Sestre 
Milosrdnice University Hospital Center, Vinogradska 29, 10000 
Zagreb, Croatia (approval number: 4433/15-19).

Notes

Conflicts of interest: No potential conflict of interest relevant 
to this article was reported.

Funding: This study received no specific grant from any 
funding agency in the public, commercial, or not-for-profit 
sectors.

Data availability: The data that support the findings of this 
study can be provided by the corresponding author upon 
reasonable request.

Author contribution: Conceptualization: BVM, GS; Data 
curation: BVM, LLG, GS; Formal analysis: BVM, IŠ, LLG; 
Methodology: BVM, IŠ, LLG; Project administration: BVM; 
Writing - original draft: BVM; Writing - review & editing: BVM, 
IŠ, LLG, GS

ORCID
Bernardica Valent Morić: 0000-0001-6516-5955
Ivan Šamija: 0000-0002-5633-5745
Lavinia La Grasta Sabolić: 0000-0001-9114-7961
Gordana Stipančić: 0000-0001-9461-4772

References

1. Emerging Risk Factors Collaboration, Sarwar N, Gao P, 
Seshasai SR, Gobin R, Kaptoge S, et al. Diabetes mellitus, 
fasting blood glucose concentration, and risk of vascular 

http://e-apem.org
https://orcid.org/0000-0001-6516-5955
https://orcid.org/0000-0002-5633-5745
https://orcid.org/0000-0001-9114-7961
https://orcid.org/0000-0001-9461-4772


Valent Morić B, et al. • Blood pressure in type 1 diabetic children

306 www.e-apem.org

disease: a collaborative meta-analysis of 102 prospective 
studies. Lancet 2010;375:2215-22.

2. Nambam B, DuBose SN, Nathan BM, Beck RW, Maahs 
DM, Wadwa RP, et al. Therapeutic inertia: underdiagnosed 
and undertreated hypertension in children participating 
in the T1D Exchange Clinic Registry. Pediatr Diabetes 
2016;17:15-20.

3. Stergiou GS, Bountzona I, Alamara C, Vazeou A, Kollias A, 
Ntineri A. Reproducibility of office and out-of-office blood 
pressure measurements in children: implications for clinical 
practice and research. Hypertension 2021;77:993-1000.

4. Lurbe E, Redon J, Kesani A, Pascual JM, Tacons J, Alvarez V, 
et al. Increase in nocturnal blood pressure and progression 
to microalbuminuria in type 1 diabetes. N Engl J Med 
2002;347:797-805.

5. Dost A, Klinkert C, Kapellen T, Lemmer A, Naeke A, 
Grabert M, et al. Arterial hypertension determined by 
ambulatory blood pressure profiles: contribution to 
microalbuminuria risk in a multicenter investigation 
in 2,105 children and adolescents with type 1 diabetes. 
Diabetes Care 2008;31:720-5.

6. Shalaby NM, Shalaby NM. Study of ambulatory blood 
pressure in diabetic children: prediction of early renal 
insult. Ther Clin Risk Manag 2015;11:1531-7.

7. Darcan S, Goksen D, Mir S, Serdaroglu E, Buyukinan 
M, Coker M, et al. Alterations of blood pressure in type 
1 diabetic children and adolescents. Pediatr Nephrol 
2006;21:672-6.

8. Perrin NE, Torbjörnsdotter TB, Jaremko GA, Berg UB. The 
course of diabetic glomerulopathy in patients with type I 
diabetes: a 6-year follow-up with serial biopsies. Kidney Int 
2006;69:699-705.

9. Mallamaci F, Minutolo R, Leonardis D, D'Arrigo G, 
Tripepi G, Rapisarda F, et al. Long-term visit-to-visit office 
blood pressure variability increases the risk of adverse 
cardiovascular outcomes in patients with chronic kidney 
disease. Kidney Int 2013;84:381-9.

10. Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak 
A, Erdine S, Hirth A, et al. 2016 European Society of 
Hypertension guidelines for the management of high 
blood pressure in children and adolescents. J Hypertens 
2016;34:1887-920.

11. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, 
Carroll AE, Daniels SR, et al. Clinical practice guideline 
for screening and management of high blood pressure in 
children and adolescents. Pediatrics 2017;140:e20171904.

12. Wühl E, Witte K, Soergel M, Mehls O, Schaefer F; German 
Working Group on Pediatric Hypertension. Distribution 
of 24-h ambulatory blood pressure in children: normalized 
reference values and role of body dimensions. J Hypertens 
2002;20:1995-2007.

13. Bilo G, Giglio A, Styczkiewicz K, Caldara G, Kawecka-Jaszcz 
K, Mancia G, et al. How to improve the assessment of 24-h 
blood pressure variability. Blood Press Monit 2005;10:321-
3.

14. Flynn JT, Daniels SR, Hayman LL, Maahs DM, McCrindle 
BW, Mitsnefes M, et al. Update: ambulator y blood 
pressure monitoring in children and adolescents: a 
scientific statement from the American Heart Association. 
Hypertension 2014;63:1116-35.

15. Donaghue KC, Marcovecchio ML, Wadwa RP, Chew 
EY, Wong TY, Calliari LE, et al. ISPAD Clinical Practice 
Consensus Guidelines 2018: microvascular and macrova-
scular complications in children and adolescents. Pediatr 
Diabetes 2018;19 Suppl 27(Suppl 27):262-74.

16. R odrigue z BL, Dabelea D, Liese AD, Fujimoto W, 
Waitzfelder B, Liu L, et al. Prevalence and correlates of 
elevated blood pressure in youth with diabetes mellitus: 
the SEARCH for diabetes in youth study. J Pediatr 
2010;157:245-51.e1.

17. S chwab KO, Doerfer J, Hecker W, Grulich-Henn J, 
Wiemann D, Kordonouri O, et al. Spectrum and prevalence 
of atherogenic risk factors in 27,358 children, adolescents, 
and young adults with type 1 diabetes: cross-sectional data 
from the German diabetes documentation and quality 
management system (DPV). Diabetes Care 2006;29:218-25.

18. Suláková T, Janda J, Cerná J, Janstová V, Suláková A, Slaný J, 
et al. Arterial HTN in children with T1DM--frequent and 
not easy to diagnose. Pediatr Diabetes 2009;10:441-8.

19. Basiratnia M, Abadi SF, Amirhakimi GH, Karamizadeh Z, 
Karamifar H. Ambulatory blood pressure monitoring in 
children and adolescents with type-1 diabetes mellitus and 
its relation to diabetic control and microalbuminuria. Saudi 
J Kidney Dis Transpl 2012;23:311-5.

20. Matsuoka S, Awazu M. Masked hypertension in children 
and young adults. Pediatr Nephrol 2004;19:651-4.

21. Lurbe E, Thijs L, Torro MI, Alvarez J, Staessen JA, Redon 
J. Sexual dimorphism in the transition from masked to 
sustained hypertension in healthy youths. Hypertension 
2013;62:410-4.

22. Cohen JB, Lotito MJ, Trivedi UK, Denker MG, Cohen 
DL, Townsend RR. Cardiovascular events and mortality 
in white coat hypertension: a systematic review and 
metaanalysis.  Ann Intern Med 2019;170:853-62.

23. Dost A, Bechtold-Dalla Pozza S, Bollow E, Kovacic R, Vogel 
P, Feldhahn L, et al. Blood pressure regulation determined 
by ambulatory blood pressure profiles in children and 
adolescents with type 1 diabetes mellitus: Impact on 
diabetic complications. Pediatr Diabetes 2017;18:874-82.

24. Glackin S, Islam N, Henderson AM, Dionne JM, Harris 
KC, Panagiotopoulos C, et al. Ambulatory blood pressure 
and carotid intima media thickness in children with type 1 
diabetes. Pediatr Diabetes 2020;21:358-65.

25. Gallego PH, Gilbey AJ, Grant MT, Bulsara MK, Byme 
GC, Jones TW, et al. Early changes in 24-hour ambulatory 
blood pressure are associated with high normal albumin 
excretion rate in children with type 1 diabetes mellitus. J 
Pediatr Endocrinol Metab 2005;18:879-85.

26. Marcovecchio ML, Dalton RN, Schwarze CP, Prevost AT, 
Neil HA, Acerini CL, et al. Ambulatory blood pressure 

http://e-apem.org


307

Valent Morić B, et al. • Blood pressure in type 1 diabetic children

www.e-apem.org

measurements are related to albumin excretion and are 
predictive for risk of microalbuminuria in young people 
with type 1 diabetes. Diabetologia 2009;52:1173-81.

27. Saygili S, Canpolat N, Cakir A, Konukoglu D, Turan H, 
Caliskan S, et al. Factors influencing blood pressure and 
microalbuminuria in children with type 1 diabetes mellitus: 
salt or sugar? Pediatr Nephrol 2020;35:1267-76.

28. Harvey JN, Allagoa B. The long-term renal and retinal 
outcome of childhood-onset type 1 diabetes. Diabet Med 
2004;21:26-31.

29. Cuspidi C, Vaccarella A, Leonetti G, Sala C. Ambulatory 
blood pressure and diabetes: targeting nondipping. Curr 
Diabetes Rev 2010;6:111-5.

30. Rothwell PM. Limitations of the usual blood-pressure 

hypothesis and importance of variability, instability, and 
episodic hypertension. Lancet 2010;375:938-48.

31. Chen W, Srinivasan SR, Ruan L, Mei H, Berenson GS. Adult 
hypertension is associated with blood pressure variability 
in childhood in blacks and whites: the bogalusa heart study. 
Am J Hypertens 2011;24:77-82.

32. Leisman D, Meyers M, Schnall J, Chorny N, Frank R, Infante 
L, et al. Blood pressure variability in children with primary 
vs secondary hypertension. J Clin Hypertens (Greenwich) 
2014;16:437-41.

33. Mancia G. Short- and long-term blood pressure variability: 
present and future. Hypertension 2012;60:512-7.

34. Feber J, Litwin M. Blood pressure (BP) assessment-from BP 
level to BP variability. Pediatr Nephrol 2016;31:1071-9.

http://e-apem.org

