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Abstract
Background: Twenty-four hours dynamic blood pressure (BP) behaviour displays dipper profile defined as 

nocturnal systolic BP (SBP) reduction>10% compared to daytime. Non-dipper profile, nocturnal absence of SBP 
fall, associates an increased cardiovascular risk. We investigated the concomitant association of inflammatory bio-
markers - high-sensitivity- C-reactive protein (hs-CRP), Human Chitinase3-like1 (YKL-40) and autonomic nervous 
system (total brain-derived neurotrophic factor, BDNF) with respect to non-dipping blood pressure status. 

Material and method: Using 24h automatic BP measurements, 80 known hypertensive patients were divided 
into two groups: dipper group included fifty-one dipper patients (age 55.6 ±13.5 years) and non-dipper group con-
sisted of 29 non-dipper subjects (62.07±12.03 years). Serum levels of hs-CRP were evaluated with enhanced immu-
noturbidimetric assay. Plasma levels of YKL-40 were measured by commercial sandwich ELISA using microplate 
coated with a monoclonal antibody for CHI3L1. Plasma levels of total BDNF were determined using quantitative 
sandwich enzyme-linked immunoassay. Statistical analysis of obtained data was performed. 

Results: In the non-dipper group, a significant positive association with age over 60 years, hs-CRP values 
above 1.90 mg/dl was observed along with increased mean values of YKL-40. Non-dipper status is independent-
ly and statistically significantly associated with elevated levels of hs-CRP (OR: 3.248, 95% CI: 1.022-10.317, 
p=0.046) in multivariate odds ratio analysis. No statistically significant positive association between a median 
total BDNF plasma level of 1430 pg/ml and the non-dipper hypertension profile was identified. 

Conclusion: Our study demonstrated that patients over 60 years, in particular, have a higher probability 
to present a non-dipping pattern of hypertension. hs-CRP and YKL-40 values are more likely to increase in the 
non-dipping hypertensive patients, and hs-CRP values above 1.9 mg/dl can identify the presence of a non-dipper 
blood pressure profile. 
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Introduction

Hypertension is one of the most prevalent 
cardiovascular (CV) risk factors and represents 
the main cause of death worldwide. (1) The high 
prevalence of hypertension and the serious nature 
of the multiple negative consequences arising 
from hypertension have led to significant inves-
tigation of hypertension and triggers of abnormal 
circadian variation in blood pressure (BP). Pre-
vious research showed that hypertension profile 
can be defined by night-to-day ratio as either a 
dipper or a non-dipper pattern. The dipper profile 
is defined as a nocturnal systolic blood pressure 
(SBP) reduction > 10% of daytime SBP values, 
while non-dipper pattern is characterised by the 
absence of SBP fall during the night. (2) Hyper-
tension profile has previously been associated 
with target organ damage (TOD) in hypertensive 
patients, while the non-dipper pattern has been 
associated with increased cardiovascular risk in 
both young and older populations. Furthermore, 
BP profile is a vital parameter to take into consid-
eration during the management of hypertensive 
retinopathy in non-diabetic hypertensive patients. 
(3) Indeed, hypertensive patients exhibiting both 
non-dipper and reverse-dipper (SBP nocturnal 
upsurge) BP profiles have been associated with 
a significantly higher Framingham Stroke Risk 
Profile. (4)

Several factors have been reported to be di-
rectly related to hypertension dipping profile. 
Among these obstructive sleep apnoea and sleep 
quality were shown to influence the pattern of 
blood pressure in young and older hypertensive 
patients. (5)

Other research has investigated alterations in 
dysfunctional endothelium in response to chang-
es in mechanical stress and the manner in which 

humoral factors can link inflammation with hy-
pertension.(6) Human Chitinase3-like1 (YKL-
40, also known as human cartilage glycoprotein 
39) belongs to the pentraxin family of proteins, 
stimulating cellular proliferation; it’s role is ex-
plored as a non-disease-distinct inflammatory 
biomarker and/or tissue remodelling.(7) YKL-
40 can also exert a specific functional role in en-
dothelial damage and is known to be involved 
in the restructuring and remodelling process in 
tissues during the course of atherosclerosis with 
concurrence in manifest CV disease.(8) As a ma-
terialized biomarker of CV disease, YKL-40 has 
been associated independently with myocardial 
ischaemia (9,10 ), the presence and extent of cor-
onary artery disease (CAD)(11) and patterns of 
atrial fibrillation.(12) YKL-40 levels in human 
serum or plasma increase with age, but within 
different age groups of healthy subjects, there is 
no circadian variability in relation to food intake 
and no association with gender.(13) In contrast, 
levels of this inflammatory glycoprotein in hy-
pertensive patients correlate with the incidence 
of hypertension in a gender-specific manner.(14) 
Moreover, levels of YKL-40 are associated with 
age and reflect renal dysfunction in hypertensive 
patients with both coronary artery disease and 
diabetes mellitus (DM).(15)

Other markers, such as C-reactive protein 
(CRP) and high-sensitivity C-reactive protein 
(hs-CRP), are strong predictors of CV outcomes 
(16) and show a positive correlation to impaired 
glomerular filtration rate in hypertensive pa-
tients. (17) Higher levels of hs-CRP were iden-
tified as predictors of a non-dipper pattern. (18)

Brain-Derived Neurotrophic Factor (BDNF) 
is an important neurotrophin that exhibits dis-
tinct control over the proposed course, evolu-

Keywords: blood pressure, non-dipper pattern, cardiovascular risk, inflammatory biomarkers, autonomous 
nervous system

Received: 10th February 2018; Accepted: 4th May 2018; Published: 8th July 2018



Revista Română de Medicină de Laborator Vol. 26, Nr. 3, Iulie, 2018 315

tion and role of neural cells, and has also been 
demonstrated to show cardiovascular neuronal 
and non-neuronal involvement through auto-
nomic neurons. (19) 

In contempt of physiological autonomic ner-
vous system (ANS) exert, circadian BP varia-
tion undergoes reversal in sympathetic activity 
decrease and parasympathetic activity increase 
during day to night. (20)

Our study aimed to identify a potential re-
lationship between non-dipper status and three 
high cardiovascular risk biomarkers: serum hs-
CRP, YKL-40 and total BDNF levels.

Material and method

Data Collection and Ambulatory Blood 
Pressure Monitoring (ABPM) profile
A retrospective longitudinal study was per-

formed on hypertensive patients from a cohort 
of 500 unselected patients presenting for routine 
investigation in a cardiology outpatient clinic. 
Between January 2016 and May 2016, eighty 
hypertensive patients (female to male ratio: 3:5) 
were enrolled. Patients with chronic kidney dis-
ease, heart failure New York Heart Association 
(NYHA) class III or IV, prior myocardial infarc-
tion and/or stroke, CAD, DM, malignant and 
non-malignant diseases characterized by inflam-
mation (infectious diseases, rheumatoid arthritis, 
osteoarthritis, liver fibrosis) and chronic obstruc-
tive pulmonary disease were excluded.

Hypertensive patients were defined accord-
ing to the 2013 ESH/ESC (European Society of 
Hypertension/European Society of Cardiology) 
Guidelines (21) taking continuous anti-hyper-
tensive treatment for at least 6 months prior to 
admission.

All participants underwent ABPM using a 
BTL-08 ABPM recorder (BTL Industries, Stev-
enage, Hertfordshire, UK), according to a stan-
dardized protocol: 24 h of monitoring on the 
non-dominant arm, 70% valid measurements, no 

validation for ABPM recording with more than 
two consecutive hours of invalidated records 
and pre-set time of day and night. Measurements 
during daytime were performed at intervals of 
15 minutes and 30 minutes interval during night 
time. ABPM data were collected using BTL Car-
dioPoint® solution (BTL Industries, Stevenage, 
Hertfordshire, UK). After analysing the 24-h BP 
measurement data, patients were divided into 
dipper or non-dipper profile groups. Dipper pro-
file was defined as a drop of more than 10% of 
SBP (to a maximum of 20%) during night time 
as compared with daytime. All other hyperten-
sive profiles (including reverse dipper) not meet-
ing the above-mentioned SBP pattern were in-
cluded in the non-dipper pattern. (22) 

Methods for determining levels of hs-CRP, 
YKL-40, and total BDNF 
After detailed clinical evaluation, blood 

samples were collected (in the morning) by ve-
nepuncture in a clot activator tube for serum and 
ethylenediaminetetraacetic acid (EDTA) tubes 
for plasma. Samples were centrifuged at 3000 
rpm for 15 minutes, and serum and plasma ali-
quots were stored at -80°C until analysis.

High sensitivity-CRP serum levels were 
evaluated with an enhanced immunoturbidi-
metric assay (Cobas 6000, Roche Diagnostics 
GmbH, Mannheim, Germany), with a measuring 
range between 0.15 and 20.0 mg/l and an extend-
ed measuring range (calculated) of 0.15 to 300 
mg/l. Intra- and inter-assay coefficients of vari-
ation (CVs) for this assay were 1.6% and 2.1%, 
respectively.

Plasma levels of YKL-40 were measured 
using a commercially available sandwich en-
zyme-linked immunoassay (Human Chiti-
nase3-like1 Elisa kit, Quantikine, R&D Sys-
tems Inc, Minneapolis, MN, USA), using a mi-
croplate coated with a monoclonal antibody for 
CHI3L1. Plasma samples were diluted 50-fold, 
in accordance with the manufacturer’s protocol. 
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The analytical sensitivity was 3.55 pg/ml, the 
measuring range between 0-4000 pg/ml and the 
CVs for intra- and inter-assay precision were 
4.7% and 6.9%, respectively.

Plasma levels of total BDNF were measured 
using a quantitative sandwich enzyme-linked 
immunoassay (Quantikine R&D Systems, Min-
neapolis, MN, USA). This method features a 
monoclonal antibody specific for BDNF that has 
been fixed on the microwells of the plate sup-
plied with the kit and is able to recognize both 
the precursor and mature forms of BDNF from 
human plasma samples. For total BDNF mea-
surement, platelet-poor plasma samples were di-
luted fivefold into appropriate diluent according 
to the manufacturer’s instructions. The measur-
ing range was between 0 and 1000 pg/ml with a 
minimum detectable limit of 0.997 pg/ml; CVs 
for intra-assay and inter-assay precision were 
3.0% and 4.7%, respectively.

All serum and plasma specimens were an-
alysed at the Center for Advanced Medical and 
Pharmaceutical Research, University of Medi-
cine and Pharmacy of Tîrgu Mureş, Romania. 

This research was reviewed and approved 
by the Ethics Committee for Scientific Research, 
University of Medicine and Pharmacy of Tîrgu 
Mureş, Romania. Each study participant provid-
ed informed signed consent. 

Statistical Analysis 
Statistical analysis was performed using 

the IBM SPSS Statistics for Windows, Version 
25 (Armonk, NY, IBM Corp, USA) respective-
ly MedCalc version 17.4 (MedCalc Software 
BVBA, Ostend, Belgium) statistical software 
packages. Qualitative data are presented as 
counts and percentages. The association be-
tween qualitative variables was assessed using 
the Chi-square test with correction when neces-
sary (Yates or Fisher’s exact test). Quantitative 
data are presented as mean and standard devia-
tion (for normally distributed data) and median/

min-max (for abnormally distributed data). To 
check for differences between two independent 
groups of quantitative data, Student’s t-test and 
Mann-Whitney test were applied, according to 
the results of normality assessment. 

The non-dipper and dipper status were as-
sessed against several explanatory variables: age 
and gender, hs-CRP, YKL-40 and total BDNF. 
The relationship between non-dipper status and 
the explanatory variables being tested was as-
sessed with binomial logistic regression. 

When performing multivariate logistic anal-
ysis cardiovascular risk variables: male gender 
and age were classified as 1.

In developing the multivariate logistic anal-
ysis, we selected all variables with a p-value 
less than 0.05 for univariate regression analysis, 
along with all variables of known clinical impor-
tance. Results are presented as coefficients/odds 
ratios (OR) and 95% confidence intervals (CIs).

Blood pressure circadian profile (non-dip-
per and dipper) was considered as the dependent 
variable, with the risk variable represented by the 
non-dipper profile. Age, gender and biomarkers 
(hs-CRP, YKL-40 and total BDNF) were defined 
as independent variables. Male gender and age 
over 45, respectively over 60 were defined as 
risk variables. Research conducted in European 
and Chinese populations analysed the investiga-
tion of risk factors in hypertensive patients over 
45 years. The upper limit of 60 years was defined 
as the cut-off value by using literature data and 
data from the receiver operating characteristic 
(ROC) curve. (23, 14).

We used similar methods to estimate upper 
limits for hs-CRP, YKL-40 and total BDNF. A 
cut-off value was determined performing ROC 
curve analysis. (25) Positive prediction values 
were set at 1.9 mg/dl for hs-CRP, 0.702 pg/ml 
for YKL-40 and 500 pg/ml for BDNF. 

For all statistical tests, the significance lev-
el alpha was set at 0.05 and two-tailed p values 
were determined.  
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In our intent to support other research direc-
tions, we performed a detailed comparative anal-
ysis of the antihypertensive drug classes used in 
the two study groups. A comparison between the 
overall mean ABPM values in dipper respective-
ly non-dipper profile was also considered.

Results

We included eighty hypertensive patients 
with previously known stable antihypertensive 
therapy. 

For further analysis we used the ROC anal-
ysis, related to the non-dipper and dipper BP 
profile, we calculated through the performance 
parameters, the power of independent variables: 
age, hs-CRP, YKL-40 and total BDNF, to influ-
ence the dependent variable (BP profile). (25)

Figure 1 presents the area under curve (AUC) 
for studied variables: 

Age: AUC=66.0% (CI%:54.4-74.3)
hs-CRP: AUC=65.5% (CI%:53.1-78.2), 

sensibility=82.8%, 95% CI:64.2-94.2, specific-
ity=47.1 (32.9-61.5)

YKL-40: AUC=62.6% (CI%:49.5-75.6), 
sensibility=65.5%, 95% CI:45.7-82.1, specific-
ity=58.8 (CI%: 44.2-72.4)

Total BDNF: AUC=52.1% (CI%:38.9-5.2), 
sensibility=89.7%, 95% CI:72.6-97.8, specific-
ity=23.5 (95%CI:12.8-37.5).

Comparing AUC for the above mentioned 
variables, hs-CRP represents the powerful vari-
able for identification non-dipper profile. 

As mentioned in the material and method 
section, Figure 1 presents an example of the 
ROC curve analysis used to determine the cut-
off values: 1.9 mg/dl for hs-CRP, 0.702 pg/ml for 
YKL-40 and 500 pg/ml for total BDNF. (25)

Detailed results of independent variables 
studied are presented in Table 1.

In our study group, non-dipper pattern was 
identified in 36.2% of studied hypertensive pa-
tients. Mean age of the non-dipper group was 

62.07 ± 12.03 years. For the dipper profile we 
identified 63.8% hypertensive patients with 
mean age for this profile of 55.6 ± 13.5 years. 
Statistically significant (p=0.03) differences were 
observed when analysing the mean age data be-
tween the non-dipper vs dipper group. 

When analysing the mean age data across all 
hypertensive participants, we found no statisti-
cal difference (p=0.25) between male (62.5% of 
study population; mean age 56.6 ± 13.4 years) 
and female mean age (mean age 60.1 ± 13.1 
years).

Age over 60 years showed statistically sig-
nificant (p=0.02) positive association (OR:3.175, 
95%CI:1.234 to 8.047) with hypertension profile 
dependent risk variable - non-dipper pattern. We 
also observed a positive association of age over 
45 years with the non-dipping pattern (OR:2.323, 
95%CI:0.6023 to 8.515), but not statistically sig-
nificant (p=0.23).

Male gender was negatively associated with 
non-dipping pattern (OR:0.489, 95%CI:0.1912 
to 1.226) with non-statistically significant 
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Fig. 1. The area under curve (AUC) for studied 
variables. Abbreviations: hs-CRP – high sensitivity 
C-reactive protein, YKL-40 – Human Chitinase3-

like1, BDNF – Brain-Derived Neurotrophic Factor.
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(p=0.13) difference between the number of male 
patients in the dipper and non-dipper pattern. 

For the three studied biomarkers there is a 
statistically significant increase of the median 
value of hs-CRP (p=0.02) and YKL-40 (p=0.04) 
in the non-dipper profile group compared with 
the dipper group. For total BDNF median value, 
there is a surge of this biomarker median value 

in the non-dipper group, yet not statistically sig-
nificant (p=0.76) when compared with the medi-
an value of the dipper group.

Elevated hs-CRP value above 1.90 mg/dl 
(sensibility=82.8%, specificity=47.1%) was sta-
tistically significant (p=0.0006) and positively 
associated (OR:6.044, 95%CI:2.141 to 15.79) 
with the non-dipper hypertension profile. 

Table 1. Distribution of independent variables.

Variable
Participant groups

P valueNon-dipper profile
(n, %) 

(29 pts, 36.2%)

Dipper profile
(n, %) 

(51 pts, 63.8%)
Age (years) (mean±SD) 62.07±12.03 55.6±13.5 0.03*** 

Age>45 (years)
26 (89.7) 40 (78.4) 0.23* 

(OR:2.323, 95%CI:0.6023 to 8.515)3 (10.3) 11 (21.6)

Age>60 (years)
20 (69.0) 21 (39.2) 0.02* 

(OR:3.175, 95%CI:1.234 to 8.047) 9 (31) 30 (60.8)

Gender (male)
15 (51.7) 35 (68.6) 0.13* 

(OR:0.489, 95%CI:0.1912 to 1.226)14 (48.3) 16 (31.4)

hs-CRP
≥1.9 mg/dl 24 27

0.0006* 
(OR:6.044, 95%CI:2.141 to 15.79)hs-CRP

<1.9 mg/dl 5 24

YKL-40 
≥0.702 pg/ml 19 22

0.09* 
(OR:2.505, 95%CI:0.9252 to 6.005)YKL-40

<0.702 pg/ml 10 29

total BDNF
≥500 pg/ml 26 40

0.238* 
(OR:2.383, 95%CI:0.6023 to 8.515)total BDNF

<500 pg/ml 3 11

hs-CRP (mg/dl)
median (min-max) 4.69 (0.59-57.5) 2.08 (0.33-25.15) 0.02**

YKL-40 (pg/ml)
median (min-max) 0.83 (0.25-2.64) 0.63 (0.17-3.30) 0.04**

total BDNF (pg/ml)
median (min-max) 1430 (120-3360) 1280 (120-3350) 0.76**

*Chi square test with corrections, **Mann-Whitney test no-number, ***Student’s t-test  
Abbreviations: hs-CRP - high sensitivity C-reactive protein, YKL-40 - Human Chitinase3-like1, BDNF - Brain-Derived Neuro-
trophic Factor, OR – odds ratio, CI – confidence interval.
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Although the YKL-40 plasma level higher 
than 0.702 pg/ml (sensibility=65.5%, specifici-
ty=58.8%) was positively associated (OR:2.505, 
95%CI:0.9252 to 6.005) with the non-dipper pro-
file, it was not statistically significant (p=0.09) 
for patients presenting this pattern.

In univariate regression model, as shown in 
table 2, age, male gender, hs-CRP, YKL-40 and 
total BDNF plasma levels were considered relat-
ed factors for the non-dipper pattern. Univariate 
regression analysis showed statistically signifi-
cant (p<0.05) relationship between the non-dip-
per profile and age over 60 years (p=0.012), 
plasma levels of hs-CRP (p=0.01) and YKL-40 
(p=0.039).

Multivariate odds ratio analysis, using infor-
mation from the final logistic model of non-dip-
per profile, including only statistically signifi-
cant variables according to the above mentioned 
univariate analysis, showed that only levels of 
hs-CRP>1.9 mg/dl (OR:3.248, 95% CI:1.022-
10.317) were independently statistically sig-
nificant (p=0.046) and positively related with 
non-dipper status (OR:3.248). (Table 3). 

In the two groups, the total number of pa-
tients taking a particular antihypertensive ther-
apeutic drug class was comparatively assessed 
(table 4). For the use of sartans, there was a sta-
tistically significant (p=0.022) difference. 

We also performed a statistical analysis of 
the mean values of ABPM data registered in the 
non-dipper vs dipper study group. There was 
no statistically significant (p<0.05) difference 
between the mean values of the non-dipper and 
dipper pattern. Results are reported in table 5. 

Discussion

Long-term adverse outcomes and TOD are 
key directives in hypertension research. In par-
ticular, it is important to understand the mecha-
nisms underlying the different high-risk patterns 
of hypertension. (26) Furthermore, the non-dip-
per pattern in treated hypertensive patients has 
been shown to be independently related to in-
creased CV risk. () 

Table 2. Univariate regressions for selected independent variables, in the non-dipper patients.

Variable B Standard 
error

Wald
test P value OR crude 95% CI for OR crude

Lower Upper
Age >45 (years) 0.869 0.698 1.547 0.214 2.383 0.606 9.368
Age>60 (years) 1.237 0.493 6.285 0.012 3.444 1.310 9.058
Sex (male) -0.714 0.479 2.223 0.136 0.490 0.192 1.252
hs-CRP (mg/dl)
(cut-off 1.9 mg/dl) 1.451 0.566 6.570 0.010 4.267 1.407 12.938

YKL-40 (pg/ml)
(cut-off 0.702 pg/ml) 0.999 0.483 4.269 0.039 2.714 1.053 6.999

total BDNF (pg/ml)
(cut-off 500 pg/ml) 0.00026 .00022 1.001 0.90 0.999 0.990 1.0005

Abbreviations: hs-CRP - high sensitivity C-reactive protein, YKL-40 - Human Chitinase3-like1, BDNF - Brain-Derived Neuro-
trophic Factor.  OR – odds ratio, CI – confidence interval.
Cut-off values: for hs-CRP above 1.9 mg/dl, for YKL40 above 0.702 pg/ml, for total BDNF above 500 pg/ml

Table 3. Multivariate odds ratio from the final 
logistic model of non-dipper profile.

Variable OR 95% CI P value
Age>60 (years) 2.486 0.883 7.000 0.085
hs-CRP (mg/dl) 3.248 1.022 10.317 0.046
YKL-40 (pg/ml) 1.777 0.633 4.994 0.275

Abbreviations: hs-CRP - high sensitivity C-reactive pro-
tein, YKL-40 - Human Chitinase3-like1.
OR – odds ratio, CI – confidence interval.
Cut-off values: for hs-CRP above 1.9 mg/dl, for YKL40 
above 0.702 pg/ml.
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Pierdomenico et al. (28) studied 1191 treated 
hypertensive patients who were 60 years of age 
and older, and demonstrated a positive correla-
tion between the non-dipper pattern and the risk 
of coronary events. 

Our study including 80 hypertensive patients 
similarly demonstrated that an age increment 
may trigger an alteration of physiological BP 
profile. Particularly, patients over 60 years have 
a higher probability to present a non-dipping 
pattern of hypertension.

Previously published data described the 
hypothesis that increased inflammatory activ-
ity within the vessel endothelium is associated 
with higher levels of hs-CRP, increasing CV 
risk by engender hypertension and cardiovas-
cular disease. (29, 30) Bakirci et al. (31) con-

firmed that higher levels of YKL-40 and hs-CRP 
represent independent markers associated with 
the non-dipper profile in hypertensive patients. 
YKL-40 has previously been studied as a marker 
of inflammation, atherosclerosis, and endothelial 
dysfunction. (8,32)

Elevated values of inflammatory markers of 
endothelial dysfunction have been associated 
with the non-dipping pattern, findings that are 
consistent with the present study.

Our evidence indicates that hs-CRP and 
YKL-40 values are more likely to increase in 
the non-dipping hypertensive patients further 
enhancing the relevance of these markers in 
identifying high risk BP profile. Additionally, 
there is a strong possibility that hs-CRP values 

Table 4. Drug classes used in studied hypertensive patients.

Drug therapy Patients (n) Non-dipper profile 
group (n, %)

Dipper profile 
group (n, %)

P value*

CCB 48 18 (37.5%) 30 (62.5%) 0.108
BB 49 19 (38.8%) 30 (61.2%) 0.140
ACE inhibitor 18 6 (33.3%) 12 (66.7%) 0.576
Sartans 36 14 (38.9%) 22 (61.1%) 0.022
Diuretics 59 23 (39.0%) 36 (61.0%) 0.493
Statins 63 24 (38.1%) 39 (61.9%) 0.598

Abbreviations: CCB – calcium channel blockers, BB – beta-blockers, ACE inhibitor – angiotensin converting enzyme inhibitor, 
n – number.
*The therapeutic drug class was introduced as a variable, ordinary one way ANOVA test was used for calculating the p value.

Table 5 – Totalizer table. Blood pressure mean values in different subsets of hypertensive patients
ABPM values (mmHg) P value *

Non-dipper
vs 

dipper 

Overall group 
(non-dipper + dip-

per)
(n=80)

Non-dipper profile 
group
(n=29)

Dipper profile 
group
(n=51)

Mean 24 h SBP 130.68 ± 14.26 137.62±13.72 126.74±13.12 0.752
Mean 24 h DBP 73.88 ± 9.44 76.24±10.21 72.54±8.79 0.564
Mean day SBP 135.57 ± 14.13 138.17±15.04 134.09±13.52 0.458
Mean night SBP 122.75 ± 16.08 135.93±14.50 115.25±11.53 0.968
Mean day DBP 77.52 ± 10.32 77.79±11.25 77.37±9.86 0.471
Mean night DBP 67.55 ± 9.71 73.41±10.61 64.21±7.39 0.770

Abbreviations: ABPM – Ambulatory Blood Pressure Monitoring, SBP – systolic blood pressure, DBP – diastolic blood pressure. 
* Kolmogorov–Smirnov normality test was performed, and paired sample t-test was used to calculate the p value.
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above 1.9 mg/dl can suggest the presence of a 
non-dipper BP profile. 

Previous animal experiments have shown 
that BDNF appears to play a role in the regula-
tion of hypertension via the ANS. (33). Plasma 
levels of BDNF correspond with those in the 
ANS and central nervous system, as suggested 
by Karege et al. (34) in a study conducted on 
rodents. However, very little is known about the 
role of the ANS in a non-dipping profile, partic-
ularly with respect to BDNF and abnormal circa-
dian variation of BP. (35, 36) 

As various mechanisms are feasible for 
computing the non-dipping pattern, the present 
study assessed the ANS activity by assessing to-
tal BDNF plasma levels. Although, total BDNF 
levels certified a positive association to abnor-
mal circadian variation of BP, there was no ro-
bust difference to dipper profile. We observed a 
greater median value in the non-dipping pattern 
of hypertensive studied patients.

Kasselman et al. (37) suggested that BDNF, 
as a neurotrophic factor can exert effect upon 
perivascular inflammation via stimulating effect 
on sympathetic neurons, and by creating sym-
pathetic dysfunction in inflammatory disease.  
On the other hand, Kadoya et al. (38) reported a 
powerful association between reduced levels of 
BDNF in the plasma and a specific abnormal cir-
cadian variation in BP known as the reverse-dip-
per pattern. However, these authors also failed 
to demonstrate an association between plasma 
BDNF levels and non-dippers.

Our research suggests that age increment in 
the non-dipping hypertensive patients is related 
to an elevated combined response of the stud-
ied inflammatory biomarkers; in our non-dipper 
pattern patients, increasing age was not comple-
mentary with the ANS response activity. How-
ever, for hs-CRP values higher than 1.9 mg/dl 
determined independently of incident age over 
60 years, the non-dipper status should be ex-
plored.

Supported by uni- and multivariate analysis, 
our data suggest that interventions targeting the 
hs-C-reactive protein may be used as in person-
alised approach of non-dipper hypertensive pa-
tients, independent of age, considering the BP 
profile as additional cardiovascular risk factor.

Limitations
Several limitations are associated with the 

current study. Firstly, all subjects were treated 
hypertensive patients that could have potential-
ly influenced the biomarker levels in relation to 
circadian variations in SBP and BP values. We 
assume that different antihypertensive drug class-
es could interfere with dipping and non-dipping 
pattern, still our study did not intend to evaluate 
different therapeutic interactions in or with the 
hypertension profile. Secondly, day and night 
SBP variation was evaluated according to day-
to-night ratio; no other parameters were used 
to evaluate BP variation, such as BP short-term 
variability or heart rate variability. Obstructive 
sleep apnoea was not assessed as possible con-
founding factor in hypertension profile. Thirdly, 
we did not consider potential fluctuation of 24-h 
plasma total BDNF concentrations in the present 
study. Results of the present study need to be doc-
umented in future prospective extended research. 

Conclusions

To the best of our knowledge, our explor-
atory study was the first attempt to analyse the 
relationship between inflammation and ANS ac-
tivity related to the non-dipping blood pressure 
status. In analysis, our observations indicate 
that in hypertensive patients aged over 60 years, 
the non-dipping pattern was associated with in-
flammatory response expressed by hs-CRP val-
ues higher than 1.9 mg/dl and YKL-40 values 
above 0.702 pg/ml. Future research is needed 
to demonstrate the influence of ANS activity re-
sponse regarding the non-dipping pattern.
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Based on results of our research in hyper-
tensive patients aged over 45 years, particularly 
over 60 years, quantification of hs-CRP can be 
included in an extended evaluation panel of bio-
markers reliable for investigating the circadian 
blood pressure variation.   
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