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Abstract: Background: Although nondipper hypertension has been associated with increased cardiovascular mor-
bidity and mortality, the relationship between bilirubin levels and nondipper hypertension remains unclear. Several
studies have demonstrated that higher serum bilirubin levels inhibit inflammation and the proliferation of vascular
smooth muscle cells, which may suggest a relationship between serum bilirubin levels and cardiovascular disease.
The aim of this study was to compare serum bilirubin levels between dipper and nondipper hypertensive patients.
Methods: The present study included 80 hypertensive patients who were stratified into two groups: 50 dipper pa-
tients (mean [+ SD] age 51.5 + 8 years; 29 male) and 30 nondipper patients (mean age 50.6 + 5.4 years; 17 male).
All patients underwent 24 h ambulatory blood pressure monitoring. Results: No statistically significant differences
were found between the two groups in terms of basic characteristics. Total, direct and indirect serum bilirubin levels
were significantly lower among individuals with nondipper hypertension compared with patients with dipper hyper-
tension (0.78 + 0.6 mg/dL versus 0.42 + 0.32 mg/dL; and 0.29 + 0.1 mg/dL versus 0.18 £+ 0.05 mg/dL; and 0.48
+ 0.52 mg/dL versus 0.25 + 0.22 mg/dL, respectively; all P<0.001). Additionally, leukocyte counts were higher in
patients with nondipper hypertension. Conclusion: The present study revealed a potential relationship between
lower serum bilirubin levels and a nondipping pattern in hypertensive patients.
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Introduction

Elevated levels of systemic inflammatory mark-
ers may be associated with cardiovascular dis-
eases such as coronary artery disease, hyper-
tension (HT) and atrial fibrillation [1-3]. Several
previously published studies have demonstrat-
ed the relationship between serum bilirubin lev-
els and cardiovascular diseases such as coro-
nary artery disease. Bilirubin is an important
and potent endogen antioxidant and anti-
inflammatory agent [4-6].

Systolic and diastolic blood pressure decreas-
es of >10% during sleep (compared with awake
hours) is considered to be a normal diurnal pat-
tern. The term ‘nondipper’ refers to patients
whose blood pressure does not demonstrate
this diurnal pattern. Nondipper patients are at
higher risk for cardiovascular events and target
organ damage than dippers [7, 8].

Dipper and nondipper blood pressure patterns
have been studied extensively among hyperten-
sive patients. Nondipper HT is associated with
increased cardiovascular morbidity, such as left
ventricular hypertrophia, and mortality [9, 10].
To our knowledge, there have been no studies
investigating the relationship between bilirubin
levels, and dipperand nondipper HT. Accordingly,
we compared total serum bilirubin levels
between dipper and nondipper HT patients.

Methods
Patient selection

A total of 118 consecutive patients were
screened: 38 were excluded from the study for
various reasons (12 for diabetes mellitus, 10
for chronic renal failure, eight for moderate or
severe valvular disease, five for left ventricular
systolic dysfunction and three for hyperthyroid-
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Table 1. Comparison of basal demographic and ambulatory blood pres-

sure monitoring features of dipper and nondipper hypertensive patients

acute infection or an
inflammatory disease
were also excluded. All

Dipper (n =50) Non-dipper (n=30) P value ) 4 )
Age (years) 51.5+8 50.6 + 5.4 0.24 patients provided written
informed consent, and
Sex (n, %) males 29 (58%) 17 (56.6%) 0.62 . .
the local ethics commit-
BMI (kg/m?2) 29.7 +3.70 28.4 + 3.09 0.24 tee approved the study.
Smoking 15 (30%) 6 (20%) 0.20
Beta blockers 15.9% 18.7% 0.40 24 h ambulatory blood
ccB 25.6% 28.7% 0.25 pressure monitoring
ARB 18.6% 21.4% 0.14 24 h ambulatory blood
ACE inhibitors 35.5% 332% 0.12 pressure monitoring (Su-
Diuretics (%) 70.2 % 71.5 % 0.62 ntech Medical Inc, Mo-
Combined regimen 61.8% 63.2% 0.46 rrisville, NC, USA) was
Mean SBP (mmHg) (awake) 139.1+ 12 133.3+ 8.7 0.07 performed. Automatic bl-
Mean DBP (mmHg) (awake)  89.3 + 11 85.2+8 0.08 ood pressure recordings
Mean SBP (mmHg) (sleep) ~ 118.5 + 5.8 130.2 + 9.6 <0.001 were obtained regularly
Mean DBP (mmHg) (sleep) 69.3+4.8 781+ 7.2 <0.001 every 30 min during the

BMI: Body mass index, CCB: Calcium channel blockers, ARB: Angiotensin reseptor bloc-
kers, SBP: systolic blood pressure, DBP: diastolic blood pressure.

ism). The remaining 80 patients with a history
of chronic HT and receiving appropriate antihy-
pertensive medications for at least three
months before study commencement were pro-
spectively enrolled. After a 5 min rest in a seat-
ed position, blood pressure was measured in
the nondominant upper limb of each patient.
Patients with a systolic blood pressure 2140
mmHg and/or a diastolic blood pressure =90
mmHg, and those taking antihypertensive
drugs were defined as hypertensive. Patients
taking oral anti-diabetic drugs or insulin, or
those with two fasting blood glucose measure-
ments 2126 mg/dL, were considered to be dia-
betic and excluded from the study.

Exclusion criteria included the presence of one
of the following factors: known coronary artery
disease; chronic renal failure; chronic liver dis-
orders; moderate or severe valvular disease;
diabetes mellitus; congenital heart disease;
left ventricular systolic dysfunction on echocar-
diography (ejection fraction <50%); recent
acute coronary syndrome; anemia; hyperthy-
roidism; pregnancy; obstructive sleep apnea;
secondary HT; hematological disorders; known
malignancy; drug history including anti-gout
medications, anti-inflammatory agents such as
corticosteroids; hormone treatment such as
estrogens; a white blood cell count >12,000
cells/uL or <4000 cells/uL; and body tempera-
ture >38°C. Patients with a recent history of
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24 h period. The cuff was
placed around the pati-
ents’ nondominant arm.
Sleep and awake periods
were assessed based on information provided
by the patients. Nocturnal blood pressure dip-
ping was calculated using the following formu-
la: (%) 100 x [1-(sleep systolic blood pressure/
awake systolic blood pressure)]. Nocturnal
blood pressure dipping was defined as >10%
decrease in both nocturnal systolic and diastol-
ic blood pressures compared with the average
daytime blood pressures. A decrease of <10%
in either systolic or diastolic blood pressure
was defined as nondipper HT [11].

Laboratory analyses

Blood samples were drawn by venipuncture to
perform routine blood chemistry in the post-
ambulatory blood pressure monitoring period.
Fasting blood glucose, serum bilirubin, creati-
nine, total cholesterol, electrolyte and thyroid-
stimulating hormone levels were measured and
recorded.

Statistical analysis

SPSS version 16.0 (IBM Corporation, USA) was
used for statistical analysis. All values are pre-
sented as mean * standard deviation. Mean
values of continuous variables were compared
between groups using the Student’s t test or
Mann-Whitney U test, according to whether the
data were normally distributed, as tested by the
Kolmogorov-Smirnov test. P<0.05 was consid-
ered to be statistically significant.
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Table 2. Comparison of biochemical features of dipper and nondip-

per hypertensive patients

known. In the present study,
we found that total serum

Dipper (n =50) Nondipper (n=30) P value

bilirubin levels were signifi-

Fasting glucose (mg/dl) 953 + 12.1 932+ 10 0.62 cantly lower in patients in the
Creatinin (mg/dl) 0.92 £0.12 1.1+0.18 0.24 nondipper HT group com-
AST (U/L) 2312+4.79  23.80+6.68 0.52 pared with those in the dip-
ALT (U/L) 19.39+6.17 21,03+ 8.64 0.23 per HT group.

ALP (U/L) 67.7+£11 66.9 £+9.5 0.35 Recently, Tian et al [12]
Total cholesterol (mg/dl)  198.4 + 31.1 203.6 £ 22.1 0.23 investigated the association
Na (mmol/L) 1411+ 12.6 138 £10.3 0.27 between Speciﬁc Circu|ating
K (mmol/L) 4.41 £ 0.37 4.33+0.38 0.24 leukocyte types and blood
Ca (mg/dl) 9.7+ 1.41 9.3+1.22 0.21 pressure, and found that
Total bilirubin 0.78 £ 0.6 0.42 +£0.32 <0.001 blood pressure was specifi-
Direct bilirubin 0.29+0.1 0.18 + 0.05 <0.001 cally related to neutrophil
indirect bilirubin 0.48 £ 0.52 0.25 +0.22 <0.001 and lymphocyte levels. Ka-
TSH (ulU/mL) 1.45+0.2 1.56 + 0.4 0.68 wada et al [13] showed an
Hemoglobin (g/dL) 13.2+1.27 1413+ 1.4 0.51 independent relationship be-
Platelets, 103/mm=3 243 + 72 247 + 77 0.62 tween neutrophil levels and
Leukocyte, 103/mm-3 6917 + 1936 8829 + 2263 <0.001 HT. However, there are no

Results

According to 24 h ambulatory blood pressure
monitoring, dipper and nondipper HT was found
in 50 (62.5%) patients and 30 (37.5%) patients,
respectively. Evaluation of basic clinical and
demographic characteristics showed no statis-
tically significant difference between the two
groups in terms of antihypertensive medica-
tions, age, sex distribution, body mass index or
smoking status. In the dipper group, awake
mean (+ SD) systolic and diastolic blood pres-
sures were higher than in the nondipper group
but statistically insignificant, whereas mean
sleep systolic and diastolic blood pressures
were lower than in nondipper patients (118.5 +
5.8 mmHg versus 130.2 + 9.6 mmHg, and 69.3
+ 4.8 mmHg versus 78.1 + 7.2 mmHg, respec-
tively; P<0.001) (Table 1).

Serum total, direct and indirect bilirubin levels
were lower in patients with nondipper HT than
in those with dipper HT (0.78 £ 0.6 mg/dL ver-
sus 0.42 + 0.32 mg/dL; 0.29 + 0.1 mg/dL ver-
sus 0.18 + 0.05 mg/dL; and 0.48 + 0.52 mg/
dL versus 0.25 + 0.22 mg/dL, respectively; all
P<0.001). Leukocyte counts were higher in the
nondipper group. Other hematological and bio-
chemical parameters were not statistically sig-
nificant between the two groups (Table 2).

Discussion

The relationship between low bilirubin levels
and increased cardiovascular risk is well
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studies that have investigat-

ed specific relationships be-
tween inflammatory cell levels and nondipper
HT.

Recently, low serum bilirubin levels have been
proposed as a useful biomarker to predict car-
diovascular risk. Recent evidence suggests
that bilirubin acts as a potent physiological
antioxidant and anti-inflammatory agent.
Studies have shown that elevated serum biliru-
bin concentrations provide important protec-
tion against atherosclerotic diseases [14-16],
with several authors suggesting that bilirubin
plays a role in the inhibition of lipid oxidation
[17, 18]. Previous studies have shown that plas-
ma bilirubin concentrations are inversely corre-
lated with several risk factors for coronary
artery disease, such as smoking, diabetes and
obesity, and directly correlated with high-densi-
ty lipoprotein cholesterol levels [17, 19]. The
inverse correlation between the presence of
coronary artery disease, peripheral arterial dis-
ease, carotid intima-media thickness and biliru-
bin levels has been reported in several studies.
Subnormal levels of plasma bilirubin are asso-
ciated with premature coronary artery disease
and cardiovascular morbidity [20, 21]. In a pre-
vious study, the three-year incidence of coro-
nary artery disease was significantly lower in
patients with Gilbert syndrome [22].

Elevated circulating concentrations of plasma
bilirubin have been suggested to be able to pre-
vent atherogenesis. A strong ability to scavenge
peroxyl radicals and the antioxidant capacity of
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bilirubin, even in slightly increased concentra-
tions, have led to the concept that bilirubin may
have a physiological function in protecting
against disease processes involving oxygen
and peroxyl radicals [23, 24]. In a previous
study, Gullu et al [25] showed that elevated
concentrations of bilirubin may serve as a pro-
tective factor against the development of coro-
nary flow reserve impairment, coronary micro-
vascular dysfunction and, possibly, the
development of coronary atherosclerosis. They
concluded that bilirubin demonstrated these
beneficial effects independent of known coro-
nary risk factors.

Induced hyperbilirubinemia was associated
with a significant improvement in endothelial
function in patients with type 2 diabetes melli-
tus [26]. Furthermore, bilirubin inhibited vascu-
lar cell adhesion molecule 1 and blocked vas-
cular smooth muscle cell proliferation [27].

To our knowledge, there is no study available in
the literature that has investigated the associa-
tion between nondipper HT and serum bilirubin
levels. Our study is unique in this respect, and
we ascertained whether there is, in fact, an
association between bilirubin levels and non-
dipper HT.

When the two groups in our study were com-
pared, serum levels of bilirubin in patients with
nondipper HT were significantly lower than in
patients in the dipper HT group, and leukocyte
levels in nondipper HT patients were signifi-
cantly higher than those of dipper HT patients.
Additional studies are required to determine
the relationship between bilirubin and nondip-
per HT.

In conclusion, for the first time, we have shown
that patients with nondipper HT have lower bili-
rubin levels compared with hypertensive dipper
patients. Our study found a possible associa-
tion between nondipper HT and serum bilirubin
levels. The measurement of bilirubin may also
be used to predictanincreased risk for adverse,
HT-related cardiovascular events. The most
important limitation of our study was the small
number of patients and the absence of a con-
trol group; in addition, we studied an incom-
pletely characterized population. There is a
need for large-scale investigation of this
phenomenon.

1457

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Mehmet Demir,
Department of Cardiology, Bursa Yiiksek ihtisas
Education and Research Hospital, Yaseminpark Sit
4E D11 Osmangazi 16100 Bursa, Turkey. Tel: +90
2243605050; E-mail: drmehmetdemir@hotmail.
com

References

[1] Imtiaz F, Shafique K, Mirza SS, Ayoob Z, Vart P,
Rao S. Neutrophil lymphocyte ratio as a mea-
sure of systemic inflammation in prevalent
chronic diseases in Asian population. Int Arch
Med 2012; 5: 2.

[2] Folsom AR, Wu KK, Rosamond WD, Sharrett
AR, Chambless LE. Prospective study of hemo-
static factors and incidence of coronary heart
disease: the Atherosclerosis Risk in Communi-
ties (ARIC) Study. Circulation 1997; 96: 1102-
1108.

[3] Kocaman SA, Sahinarslan A, Kunak T, Balcioglu
S, Cetin M, Cemri M, Timurkaynak T, Boyaci B,
Cengel A. The particular interactions of the tra-
ditional cardiovascular risk factors with differ-
ent circulating specific leukocyte subtype
counts in blood: an observational study. An-
adolu Kardiyol Derg 2011; 11: 573-81.

[4] Minetti M, Mallozzi C, Di Stasi AM, Pietraforte
D. Bilirubin is an effective antioxidant of per-
oxynitrite-mediated protein oxidation in human
blood plasma. Arch Biochem Biophys 1998;
352: 165-174.

[5] Schwertner HA, Jackson WG, Tolan G. Associa-
tion of low serum concentration of bilirubin
with increased risk of coronary artery disease.
Clin Chem 1994; 40: 18-23.

[6] Levinson SS. Relationship between bilirubin,
apolipoprotein B, and coronary artery disease.
Ann Clin Lab Sci 1997; 27: 185-192.

[71 Fukuda M, Munemura M, Usami T, Nakao N,
Takeuchi O, Kamiya Y, Yoshida A, Kimura G.
Nocturnal blood pressure is elevated with na-
triuresis and proteinuria as renal function de-
teriorates in nephropathy. Kidney Int 2004; 65:
621-5.

[8] Ohkubo T, Hozawa A, Yamaguchi J, Kikuya M,
Ohmori K, Michimata M, Matsubara M, Hashi-
moto J, Hoshi H, Araki T, Tsuji I, Satoh H,
Hisamichi S, Imai Y. Prognostic significance of
the nocturnal decline in blood pressure in indi-
viduals with and without high 24-h blood pres-
sure: the Ohasama study. J Hypertens 2002;
20:2183-9.

[9] Cuspidi C, Macca G, Sampieri L, Fusi V, Severg-
nini B, Michev |, Salerno M, Magrini F, Zanchet-

Int J Clin Exp Med 2014;7(5):1454-1458


mailto:drmehmetdemir@hotmail.com
mailto:drmehmetdemir@hotmail.com

(10]

(11]

[12]

[13]

(14]

(15]

(16]

[17]

(18]

Nondipper hypertension and bilirubin

ti A. Target organ damage and non-dipping pat-
tern defined by two sessions of ambulatory
blood pressure monitoring in recently diag-
nosed essential hypertensive patients. J Hy-
pertens 2001; 19: 1539-45.

Parati G. Blood pressure variability: its mea-
surement and significance in hypertension. J
Hypertens Suppl 2005; 23: S19-25.

O’Brien E, Parati G, Stergiou G, Asmar R, Beilin
L, Bilo G, Clement D, de la Sierra A, de Leeuw
P, Dolan E, Fagard R, Graves J, Head GA, Imai
Y, Kario K, Lurbe E, Mallion JM, Mancia G,
Mengden T, Myers M, Ogedegbe G, Ohkubo T,
Omboni S, Palatini P, Redon J, Ruilope LM,
Shennan A, Staessen JA, vanMontfrans G, Ver-
decchia P, Waeber B, Wang J, Zanchetti A,
Zhang Y; European Society of Hypertension
Working Group on Blood Pressure Monitoring.
European society of hypertension position pa-
per on ambulatory blood pressure monitoring.
J Hypertens 2013; 31: 1731-68

Tian N, Penman AD, Mawson AR, Manning RD
Jr, Flessner MF. Association between circulat-
ing specific leukocyte types and blood pres-
sure: the atherosclerosis risk in communities
(ARIC) study. J Am Soc Hypertens 2010; 4:
272-83.

Kawada T, Morihashi M, Ueda H, Sirato T. Neu-
trophil cell count is related to hypertension in
workers: a cross-sectional study. Vasc Dis Prev
2007; 4: 225-8.

Hopkins PN, Wu LL, Hunt SC, James BC, Vin-
cent GM, Williams RR. Higher serum bilirubin
is associated with decreased risk for early fa-
milial coronary artery disease. Arterioscler
Thromb Vasc Biol 1996; 16: 250-255.
Djousse L, Levy D, Cupples LA, Evans JC,
D’Agostino RB, Ellison RC. Total serum biliru-
bin and risk of cardiovascular disease in the
Framingham offspring study. Am J Cardiol
2001; 87: 1196-1200.

Mayer M. Association of serum bilirubin con-
centration with risk of coronary artery disease.
Clin Chem 2000; 46: 1723-1727.

Schwertner HA. Association of smoking and
low serum bilirubin antioxidant concentra-
tions. Atherosclerosis 1998; 136: 383-387.
Stocker R, Glazer AN, Ames BN. Antioxidant ac-
tivity of albumin-bound bilirubin. Proc Natl
Acad Sci U S A 1987; 84: 5918-5922.

1458

(19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

Madhavan M, Wattigney WA, Srinivasan SR,
Berenson GS. Serum bilirubin distribution and
its relation to cardiovascular risk in children
and young adults. Atherosclerosis 1997; 131:
107-113.

Breimer LH, Spyropolous KA, Winder AF,
Mikhailidis DP, Hamilton G. Is bilirubin protec-
tive against coronary artery disease? Clin
Chem 1994; 40: 1987-1988.

Ishizaka N, Ishizaka Y, Takahashi E, Yamakado
M, Hashimoto H. High serum bilirubin level is
inversely associated with the presence of ca-
rotid plaque. Stroke 2001; 32: 580-583.

Vitek L, Jirsa M, Brodanova M, Kalab M,
Marecek Z, Danzig V, Novotny L, Kotal P. Gil-
bert syndrome and ischemic heart disease: a
protective effect of elevated bilirubin levels.
Atherosclerosis 2002; 160: 449-456.
Nakagami T, Toyomura K, Kinoshita T, Morisa-
wa S. A beneficial role of bile pigments as an
endogenous tissue protector: anti-complement
effects of biliverdin and conjugated bilirubin.
Biochim Biophys Acta 1993; 1158: 189-193.
Siow RC, Sato H, Mann GE. Heme oxygenase-
carbon monoxide signalling pathway in athero-
sclerosis: anti-atherogenic actions of bilirubin
and carbon monoxide? Cardiovasc Res 1999;
41: 385-494.

Gullu H, Erdogan D, Tok D, Topcu S, Caliskan
M, Ulus T, Muderrisoglu H. High serum bilirubin
concentrations preserve coronary flow reserve
and coronary microvascular functions. Arterio-
scler Thromb Vasc Biol 2005; 25: 2289-94.
Dekker D, Dorresteijn MJ, Pijnenburg M, Heem-
skerk S, Rasing-Hoogveld A, Burger DM, Wa-
gener FA, Smits P. The bilirubin increasing drug
atazanavir improves endothelial function in
patients with type 2 diabetes mellitus. Arterio-
scler Thromb Vasc Biol 2011; 31: 458-463.
Ollinger R, Bilban M, Erat A, Froio A, McDaid J,
Tyagi S, Csizmadia E, Graca-Souza AV, Liloia A,
Soares MP, Otterbein LE, Usheva A, Yamashita
K, Bach FH. Bilirubin: a natural inhibitor of vas-
cular smooth muscle cell proliferation. Circula-
tion 2005; 112: 1030-9.

Int J Clin Exp Med 2014;7(5):1454-1458



