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ARTICLE INFO ABSTRACT

Background and aim: Endothelial dysfunction is a common feature in hypertension and type 2 diabetes. Whether
blood pressure (BP) variability is influencing serum intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) remains to be clarified. We aimed to assess the association between the circu-
lating adhesion molecules and ambulatory blood pressure variability in patients with type 2 diabetes and
controls.

Patients and methods: The study included data from type 2 diabetes with controlled BP (n = 55), type 2 diabetes
with uncontrolled BP (n = 55) and control subjects (n = 28). ICAM-1 and VCAM-1 were measured with specific
enzyme-linked immunosorbent assay method. BP variability was assessed using standard deviation of mean
systolic and diastolic BP evaluated during 24-hour ambulatory BP monitoring.

Results: The uncontrolled BP type 2 diabetes group had significantly higher serum ICAM-1 and VCAM-1 levels
compared to controlled BP type 2 diabetes and control groups. In linear regression analysis, after adjustment,
higher ICAM-1 was consistently associated with higher daytime and 24-hour diastolic BP variability, and day-
time systolic BP variability in the study population. VCAM-1 was associated only with daytime systolic BP
variability.

Conclusions: Our study evaluating the association of serum ICAM-1 and VCAM-1 with 24-hour ambulatory BP
variability in patients with type 2 diabetes and controls might offer better understanding of the mechanisms
generating endothelial dysfunction. Elevated 24-hour ambulatory BP variability might induce endothelial ac-
tivation by increasing circulating adhesion molecules levels.
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adhesion cells levels, and their coexistence might have an additive ef-
fect [12-14].

1. Introduction

Hyperglycaemia [1,2] and high blood pressure (BP) [3,4] lead to
systemic and vascular subclinical inflammatory status and induce en-
dothelial damage. The inflammatory response involving endothelium
activation and expression of circulating adhesion cells intercellular
adhesion molecule-1 (ICAM-1) and vascular adhesion molecule-1
(VCAM-1) was reported in the development of atherosclerotic lesions,
cardiovascular disease [5-7] and chronic diabetes complications [8,9].
Patients with type 2 diabetes (T2DM) express higher levels of ICAM-1
[1,8] and VCAM-1 [11] compared to controls. Also, significantly higher
circulating adhesion cells levels have been detected in patients with
hypertension patients compared to their normotensive peers [3,11].
Diabetes and hypertension seem to have synergic effect on circulating
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The 24-hour ambulatory BP variability, calculated as standard de-
viation of mean systolic and diastolic BP [15], has been shown to be an
independent cardiovascular risk factor as important as BP control when
evaluating hypertension [16-18]. The influencing effect of ambulatory
BP variability on chronic inflammatory markers has been previously
described [19-21], but its relation with the circulating adhesion mo-
lecules remains to be clarified. The study of the association between BP
variability and expression of circulating adhesion molecules is parti-
cularly important in patients with T2DM, who are at risk of presenting
higher ambulatory BP variability compared to non-diabetic peers [22]
and for whom the cardiovascular protection is more likely to be effec-
tively achieved if tight BP control is implemented early [23]. In this
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context, we aimed to assess the relationship between circulating ad-
hesion molecules, ICAM-1 and VCAM-1, and ambulatory BP variability
in patients with T2DM and controls.

2. Methods
2.1. Study design and patients

This was a cross-sectional study performed in the Department of
Diabetes and Nutrition, Emergency Clinical County Hospital in Cluj-
Napoca, Romania. 110 consecutive patients previously diagnosed with
T2DM according to the American Diabetes Association criteria [24] and
28 normoglycemic persons matched for age, sex and smoking status
were enrolled between July 2013 and February 2014, and June-July
2018. The patients with T2DM were categorised into two groups:
controlled BP (BP lower than 140/90; n = 55) and uncontrolled BP
(n = 55) according to mean BP values during 24-hour ambulatory BP
monitoring [25]. Patients were not included if they had: unstable car-
diovascular conditions, secondary hypertension, renal or hepatic
failure, inflammatory diseases, malignancies or were pregnant.

The study has been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) and
institutional guidelines. The study protocol was approved by the local
Ethics Committee of the Iuliu Hatieganu University of Medicine and
Pharmacy in Cluj-Napoca, Romania. All participants provided written
informed consent before any study procedure.

2.2. Study protocol

Data on age, sex, duration of diabetes, duration of hypertension,
smoking status, medical history and current medication was collected
during patients’ interviews and from patients’ medical files.
Hypertension was diagnosed in the presence of office BP of
>140 mmHg systolic or =90 mmHg diastolic or the use of anti-
hypertensive drugs [26]. Height and weight were measured in fasting
state, light dress and with no shoes, and body mass index was calcu-
lated. Systolic BP and diastolic BP were measured twice in both arms
after 10 min of rest in a sitting position using an automatic device
(Colin Press-Mate BP-8800C Sphygmomanometer Monitor, Japan). The
mean of BP reading measured on the arm with the highest BP was re-
corded as office BP. Controlled and normal BP were defined as BP lower
than 140/90 mmHg [26].

Fasting blood samples were obtained for the assessment of HbAlc,
glycemia, ICAM-1 and VCAM-1. Serum levels of ICAM-1 and VCAM-1
were quantified using commercially available enzyme-linked im-
munosorbent assay kits according to the manufacturers’ instructions
(USCN, Life Science Inc., Wuhan, China) in the Laboratory of
Immunology of the Emergency County Hospital Cluj, Romania. The kit
detection range of ICAM-1 was between 0.078 and 5ng/mL and of
VCAM-1 was between 0.78 and 50 ng/mL. The serum levels of ICAM-1
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and VCAM-1 were calculated using reference to standard curves con-
centrations performed for each corresponding molecule. The sensitivity
of the ELISA system was less than 0.036 ng/mL for ICAM-1 and less
than 0.32ng/ml for VCAM-1. The inter-assay coefficient of variance
was less than 12%, while the intra-assay coefficient of variance was less
than 10% for both ICAM-1 and VCAM-1. The results reported in our
study were obtained after preparing serum dilutions of 1/50 for both
ICAM-1 and VCAM-1. Glycemia and HbAlc were assessed using com-
mercially available methods (Hitachi, Roche Diagnostics).

2.3. 24-hour ambulatory blood pressure monitoring

After blood samples collection, all study participants were initiated
on 24-hour ambulatory BP monitoring using a validated and calibrated
automatic device (HolCARD CR-07; Aspel, Poland). The arm with the
highest office BP was used for measuring BP every 30min during
daytime period (7am-10 pm) and every 60 min (10 pm-7am) during
the nighttime period. Patients were instructed to carry out their usual
activities, but to avoid intense physical activity and to keep their arm
relaxed during BP measurements. All patients had complete data on at
least 27 (70%) of the 39 possible measurements. We used standard
deviation of mean BP as indices of short-term reading of BP variability.
For each time period, we estimated mean systolic and diastolic BP and
standard deviation of mean systolic and diastolic BP of all individual
readings over the 24-hour as well as daytime and nighttime periods.

2.4. Statistical analysis

Descriptive statistics were expressed as number and percentages,
mean * standard deviation, median or percentile (25th and 75th) after
assessing the normal distribution using Kolmogorov-Smirnov test.
Correlations were performed to assess relations between ICAM-1,
VCAM-1 and other variables using Spearman coefficient. Group com-
parisons of all variables were performed using ANOVA, Kruskall-Wallis
and chi-square test. Linear regression analysis, adjusted for age, sex,
body mass index, smoking status, presence of diabetes and fasting
plasma glucose, was performed to predict the value of the dependent
variables ICAM-1 and VCAM-1 based on the values of independent
variables. ICAM-1 and VCAM-1 had a non-Gaussian distribution and
therefore were logarithmically transformed before inclusion in the re-
gression analysis. Prior to performing the linear regression analysis,
collinearity diagnostic was performed for all BP variability parameters.
As the variables included as predictors displayed variation inflation
factors > 10, it was decided not to perform multiple regression analysis
due to collinearity issues among predictors. Statistical analyses were
performed using R 2.15.1 and LibreOffice programs. Statistical sig-
nificance threshold was considered p < 0.05.

Table 1

The characteristics of the study groups.
Variables Controls (n = 28) Controlled BP T2DM (n = 55) Uncontrolled BP T2DM (n = 55) p-value
Age (years) 58.5 (46.5-68.5) 60.0 (57.0-64.0) 62.0 (54.5-67.0) 0.619
Male sex n, (%) 9 (32.1) 24 (43.6) 26 (47.3) 0.420
Smoking status n, (%) 6 (21.4) 11 (20.0) 3(5.5) 0.066
Body mass index (kg/m?) 28.1 = 4.6 315 = 45 339 = 5.6 < 0.001
Office systolic BP (mmHg) 126.8 = 17.4 132.8 + 15.2 149.6 = 16.4 < 0.001
Office diastolic BP (mmHg) 79.0 = 10.7 79.0 = 9.2 87.8 = 12.8 < 0.001
HbAlc (%) < 5.7 9.9 + 2.2 9.4 + 2.1 < 0.001
Fasting glycemia (mg/dl) 96.4 = 9.5 173.3 = 45.7 169.1 = 49.5 < 0.001
ICAM-1 (ng/ml) 484 (303-780) 506 (452-593) 860 (562-2780) < 0.001
VCAM-1 (ng/ml) 766 (699-881) 860 (715-1040) 987 (735-1363) 0.009

BP, blood pressure; T2DM, type 2 diabetes; HbAlc, glycated haemoglobin; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular adhesion molecule-1.
Values are means + standard deviation, median and percentile (25th and 75th) or number and percentages.
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3. Results
3.1. Characteristics of the study participants

The characteristics of the study population are presented in Table 1.
We observed no significant differences in age, sex and smoking status
between the three groups. As expected, body mass index, glycated
haemoglobin (HbAlc), glycemia, office systolic and diastolic BP were
significantly higher in the controlled and uncontrolled BP T2DM groups
compared to the control group. ICAM-1 and VCAM-1 levels were higher
in the uncontrolled BP T2DM group compared to the controlled BP
T2DM and the control groups. Also, there were significant differences in
ICAM-1 and VCAM-1 levels between the three groups. Diabetes dura-
tion, 9.1(3.0-13.0) vs. 8.0 (3.0-12.5) years (p = 0.75), and hyperten-
sion duration, 7.7(3.0-13.0) vs. 9.0(5.0-14.0) years (p = 0.38), did not
differ between the controlled BP and uncontrolled BP T2DM groups.
Patients from controlled and uncontrolled BP T2DM groups were re-
ceiving treatment with statins (76.4% vs. 89.1%), oral antidiabetic
drugs (22.0% vs. 96.4%), insulin (78.9% vs. 78.2%) and anti-
hypertensive drugs (85.5% vs. 92.7%).

3.2. 24-hour ambulatory blood pressure monitoring

The 24-hour ambulatory BP monitoring parameters of the three
study groups are summarized in Table 2. We observed significantly
higher daytime, nighttime and 24-hour mean systolic and diastolic BP
in the uncontrolled BP T2DM group. Also, we found significant differ-
ences in daytime, nighttime and 24-hour diastolic BP variability, and,
daytime and 24-hour systolic BP variability between the three study
groups. Significantly higher nighttime systolic BP variability were ob-
served in the uncontrolled BP T2DM group compared to controlled BP
T2DM group (p < 0.001).

3.3. Correlations of circulating adhesion molecules

In the whole study population analysed irrespective of diabetes
mellitus presence and BP control status, ICAM-1 was significantly and
directly correlated with daytime and nighttime systolic BP variability,
daytime and 24-hour diastolic BP variability, mean systolic BP during
daytime, nighttime and 24-hour periods, office systolic and diastolic
BP. No correlations of VCAM-1 with the assessed BP parameters were
observed (Table 3). In the study population, VCAM-1 correlated with
ICAM-1 (r = 0.55; p < 0.001).

When correlations were analysed only in patients with T2DM, we
found similar results for ICAM-1. ICAM-1 was significantly and directly
correlated with all previously mentioned BP parameters, except for
nighttime systolic BP variability and office diastolic BP. In addition, we
observed significant correlations of VCAM-1with daytime diastolic BP
variability and ICAM-1 (r = 0.55; p < 0.001) (Table 4).
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Table 3
The correlations of ICAM-1 and VCAM-1 with 24-hour ambulatory blood
pressure parameters and office blood pressure in the whole study population.

ICAM-1 VCAM-1

r p-value r p-value
Daytime systolic BP variability 0.18 0.034 0.14 0.116
Night-time systolic BP variability 0.17 0.049 0.14 0.109
24-hour systolic BP variability 0.14 0.100 0.10 0.265
Daytime diastolic BP variability 0.33 < 0.001 0.11 0.192
Nighttime diastolic BP variability 0.05 0.57 —0.05 0.569
24-hour diastolic BP variability 0.26 0.002 0.08 0.335
Daytime mean systolic BP 0.36 < 0.001 0.13 0.130
Nighttime mean systolic BP 0.35 < 0.001 0.16 0.060
24-hour mean systolic BP 0.37 < 0.001 0.14 0.095
Daytime mean diastolic BP 0.10 0.244 0.06 0.460
Night-time mean diastolic BP 0.14 0.104 0.08 0.344
24-hour mean diastolic BP 0.11 0.203 0.06 0.458
Office systolic BP 0.23 0.006 0.10 0.252
Office diastolic BP 0.18 0.039 0.02 0.832

* Spearman coefficient; BP, blood pressure.

Table 4
The correlations of ICAM-1 and VCAM-1 with 24-hour ambulatory blood
pressure parameters and office blood pressure in persons with T2DM.

ICAM-1 VCAM-1

r p-value r p-value
Daytime systolic BP variability 0.22 0.023 0.16 0.094
Nighttime systolic BP variability 0.16 0.104 0.105 0.274
24-hour systolic BP variability 0.17 0.079 0.09 0.329
Daytime diastolic BP variability 0.36 < 0.001 0.20 0.034
Nighttime diastolic BP variability 0.08 0.416 0.14 0.137
24-hour diastolic BP variability 0.32 0.001 -0.09 0.377
Daytime mean systolic BP 0.37 < 0.001 0.13 0.187
Nighttime mean systolic BP 0.39 < 0.001 0.11 0.243
24-hour mean systolic BP 0.38 < 0.001 0.10 0.295
Daytime mean diastolic BP 0.16 0.095 0.06 0.554
Nighttime mean diastolic BP 0.18 0.057 0.08 0.384
24-hour mean diastolic BP 0.163 0.089 0.06 0.558
Office systolic BP 0.23 0.016 0.06 0.506
Office diastolic BP 0.17 0.08 —0.02 0.865

* Spearman coefficient; BP, blood pressure.
3.4. Linear regression analysis for ICAM-1 and VCAM-1 prediction

In linear regression analysis, we found that ICAM-1 was sig-
nificantly associated with daytime systolic BP variability, daytime and
24-hour diastolic BP variability, mean systolic BP during daytime,
nighttime and 24-hour periods, nighttime mean diastolic BP and office
systolic BP. VCAM-1 was associated only with daytime systolic BP

Table 2

The 24-hour ambulatory blood pressure parameters of the study groups.
Variables Controls (n = 28) Controlled BP T2DM (n = 55) Uncontrolled BP T2DM (n = 55) p-value
Daytime mean systolic BP 120.0 = 9.5 123.3 = 9.1 145.1 = 125 < 0.001
Nighttime mean systolic BP 1119 = 14.1 115.2 = 11.9 136.9 = 13.1 < 0.001
24-hour mean systolic BP 118.1 = 10.2 121.4 = 9.3 143.2 = 12.1 < 0.001
Daytime systolic BP variability 8.8 = 3.2 9.3 = 3.3 109 * 4.2 < 0.001
Nighttime systolic BP variability 10.1 + 5.0 8.9 * 3.2 13.2 *+ 6.6 0.007
24-hour systolic BP variability 10.7 = 3.5 10.2 * 3.5 13.0 = 4.3 0.001
Daytime mean diastolic BP 741 = 8.2 75.8 = 7.9 86.3 = 11.1 < 0.001
Nighttime mean diastolic BP 67.3 = 7.3 68.7 = 8.0 77.7 = 12.7 < 0.001
24-hour mean diastolic BP 725 + 7.6 740 = 7.6 84.3 + 11.1 < 0.001
Daytime diastolic BP variability 83 * 31 7.2 = 1.8 10.3 = 3.4 < 0.001
Nighttime diastolic BP variability 85 £ 25 7.4 £ 2.2 8.6 = 3.4 0.067
24-hour diastolic BP variability 9.2 = 23 81 = 1.9 11.0 = 3.0 < 0.001

BP, systolic blood pressure. Values are means * standard deviation.
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Table 5
The linear regression analysis for the dependent variables 1IgICAM-1 and 1gVCAM-1 in the whole study population.
1gICAM-1 1gVCAM-1
Beta standardized coefficients p-value Beta standardized coefficients p-value
Daytime systolic BP variability 0.295 0.005 0.225 0.036
Nighttime systolic BP variability 0.096 0.337 0.114 0.257
24-hour systolic BP variability 0.105 0.322 0.126 0.237
Daytime diastolic BP variability 0.297 0.004 0.149 0.154
Nighttime diastolic BP variability 0.041 0.683 —0.069 0.503
24-hour diastolic BP variability 0.203 0.048 0.100 0.336
Daytime mean systolic BP 0.351 0.001 0.089 0.405
Nighttime mean systolic BP 0.390 < 0.001 0.087 0.409
24-hour mean systolic BP 0.370 < 0.001 0.090 0.402
Daytime mean diastolic BP 0.170 0.108 0.076 0.482
Nighttime mean diastolic BP 0.241 0.019 0.090 0.393
24-hour mean diastolic BP 0.193 0.068 0.079 0.461
Office systolic BP 0.258 0.015 0.068 0.531
Hypertension duration 0.210 0.061 0.114 0.316

BP, blood pressure.

variability. All regression models were adjusted for age, sex, smoking
status, the presence of diabetes, body mass index, fasting glycemia and
HbA1c values (Table 5).

4. Discussions

We hypothesized that elevated serum ICAM-1 and VCAM-1 might be
a consequence of increased 24-hour ambulatory BP variability. It has
been proven that serum ICAM-1 and VCAM-1 have an important role in
the inflammation and activation of endothelial cells of the vascular
walls [5,10], while increased BP variability is an independent cardio-
vascular risk factor as important as BP control [16,17]. Our data suggest
that 24-hour ambulatory systolic and diastolic BP variability might play
pathogenic role in endothelial dysfunction by increasing circulating
adhesion molecules in patients with T2DM and controls. Previous stu-
dies indicated the positive associations between inflammatory serum
biomarkers and increased BP variability [19-21]. To our knowledge,
our observation is among the first reporting the association of increased
high serum ICAM-1 with 24-hour ambulatory BP variability.

Increased 24-hour ambulatory BP variability and mean BP are
known to be associated with cardiovascular disease [27]. In particular,
nighttime systolic BP variability [28] and diastolic BP variability, but
not daytime BP variability, were reported to be independent predictors
of cardiovascular events in the presence hypertension and diabetes
[28,29]. We found that nighttime systolic BP variability correlated with
ICAM-1 in the study population, daytime diastolic BP variability cor-
related with VCAM-1 in patients with T2DM, while daytime and 24-
hour ambulatory BP variability remained associated with ICAM-1, after
adjusted for confounders, in the study population. To support the im-
portance of BP variability, a recent meta-analysis reported that in-
creased BP variability was associated with cardiovascular outcomes
even in the presence of controlled mean BP [17]. Evidence from ob-
servational and interventional studies evaluating patients with diabetes
and hypertension suggest that strategies aiming to reduce mean BP
should also reduce the degree of BP variability in order to optimize
cardiovascular protection [29].

Previous studies reported correlations between serum adhesion
molecules and BP, while inconsistencies in the relationships are fre-
quent depending on population characteristic and types of adhesion
molecules evaluated [30]. We found that ICAM-1 was significantly
correlated with mean systolic BP during daytime, nighttime and 24-
hour periods in the study population, and also in the T2DM population.
Both serum ICAM-1 and VCAM-1 were positively correlated with office
systolic and diastolic BP in a study evaluation the effect of BP reduction
on these two markers of endothelial cell activity or injury [31]. Recent
studies reported significant correlation of VCAM-1 with ambulatory 24-

hour and daytime systolic BP [32] and office diastolic BP [3]. In con-
trast to our findings, Miller et al reported no correlation between ICAM-
1 or VCAM-1 and office BP in a population that did not include in-
dividuals treated for hypertension or diabetes [30].

The difference in ICAM-1 and VCAM-1 interaction with BP might
relay in the different regulation by pro-inflammatory cytokines, or
might be a consequence of the fact that adhesion molecules have each
specific role in the adhesion pathway [30]. Though, we observed a
significant correlation between the ICAM-1 and VCAM-1, possibly ex-
plained by the fact that both molecules are expressed on the surface of
endothelial cells in response to tissue damage and inflammation [7].
The expression of endothelial adhesion molecules ICAM-1 and VCAM-
lis related to leucocyte firm attachment and transmigration into the
vascular subendothelial space, being a key step in atherogenesis [5,6].
Conversely, the hypothesis of possible protective effect of VCAM-1 on
cardiovascular outcomes in patients without diabetes has been recently
advanced following PREVEND study [6], in contrast with most studies
supporting the role of VCAM-1 [33] and ICAM in cardiovascular disease
[5,71.

The uncontrolled BP T2DM group had higher ICAM-1 and VCAM-1
compared to controlled BP T2DM and control groups. Previous studies
reported the association of both ICAM-1 and VCAM-1 with the presence
of newly diagnosed hypertension [3] and uncomplicated hypertension
[11]. Decreased ICAM-1 and VCAM-1 levels were reported after BP
reduction using anti-hypertensive medication, suggesting de-activation
of endothelium with the reduction in BP [31].

Elevated adhesion molecules reflect alterations in the vascular en-
dothelium and contribute to endothelial dysfunction. The inflammatory
process evaluated by cell adhesion molecules levels associated with
impaired vascular endothelial function in the presence of type 2 dia-
betes [1,8,10,11]. Our observation confirms that patients with T2DM
from both controlled and uncontrolled BP groups had higher ICAM-1
and VCAM-1 compared to control group. Both ICAM-1 and VCAM-1
concentrations were higher in a study including patients with hy-
pertension, diabetes and diabetes plus hypertension compared to nor-
motensive peers [14]. Similar results were reported more recently for
ICAM-1 in patients with diabetes [4,10]. Conversely, Boulbou et al
found no differences in ICAM-1 and VCAM-1 levels when comparing
patients with T2DM to persons with normoglycemia, while patients
with hypertension had elevated VCAM-1, but not ICAM-1 compared to
persons with normal BP [13].

The present study evaluated the association of cell adhesion mole-
cules ICAM-1 and VCAM with 24-hour ambulatory BP monitoring and
demonstrated the positive association of ICAM-1 with daytime systolic,
daytime diastolic and 24-hour diastolic BP variability and the associa-
tion of VCAM with daytime systolic BP variability. In turn,
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inflammatory changes in the arterial wall indicated by increased cell
adhesion molecules could worsen BP control and increase BP varia-
bility. Our cross-sectional study has certain limitations: the relatively
small number of participants and the lack of evaluation of the vascular
endothelial dysfunction using methods such flow-mediated vasodilata-
tion.

5. Conclusions

Our study evaluating the association of serum ICAM-1 and VCAM-1
with 24-hour ambulatory BP variability in patients with type 2 diabetes
and controls might offer better understanding of the mechanisms gen-
erating endothelial dysfunction. Elevated 24-hour ambulatory BP
variability might induce endothelial activation by increasing circulating
adhesion molecules levels, ICAM-1 and VCAM-1.
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