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SERUM LIPID PROFILE AND ARTERIAL STIFFNESS IN NON-DIPPERS
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Background. A non-dipping blood pressure profile (NDP) is associated with increased arterial stiffness and
other cardiovascular target organ damage. Serum lipid profiles have been shown to be important determinants
of arterial stiffness.

Objective. The aim of the research was to assess serum lipid profiles and arterial stiffness in non-dippers.

Methods. This cross-sectional study was conducted involving 796 (288 males and 508 females) participants
of black African origin. A twenty-four-hour ambulatory BP monitoring was done using a Spacelabs 90207 (Spacelabs
Inc., Redmond, Washington, USA) monitor. Carotid-Femoral pulse wave velocity measurements were performed
using a high fidelity SPC-301 micromanometer (Millar instruments Inc., Houston, TX).

Results. Of the 288 males, 140 were classified as non-dippers. Of the 508 females, 273 were classified as
non-dippers. In the general population, males had higher triglycerides when compared with females 1.46+0.96
vs 1.13+1.02, p<0.0001. Additionally, dipper males had higher serum TRGL when compared with dipper females
1.32+0.98 vs 1.06%0.58, p = 0.0012. Non-dipper males also had higher serum TRGL when compared with non-
dipper females 1.61+2.05 vs 1.19+1.14, p=0.0078. Serum HDLc was lower in the non-dipper male group when
compared to the non-dipper female group (p=0.008). In both male and female groups, non-dippers had higher
CFPWV when compared with dippers; 7.53+3.60 vs 5.74+2.47, p<0.0001 and 6.64+2.52 vs 5.98+2.23, p=0.0021
respectively. However, non-dipper males had significantly higher CFPWV when compared with non-dipper females

(7.53%3.60 vs 6.64+2.52, p=0.0031).

Conclusions. Therapies targeting a reduction of serum triglycerides levels might be beneficial in improving
arterial compliance with or without the presence of non-dipping.
KEYWORDS: Non-dipping; arterial stiffness; lipids.

Introduction

A non-dipping blood pressure profile (NDP)
is defined as failure of the night-time blood
pressure (BP) values to drop by a minimum of
10% of the daytime values [1]. A non-dipping
blood pressure profile (NDP) is associated with
increased arterial stiffness and other cardio-
vascular target organ damage and is also a
stronger predictive index of cardiovascular
morbidity and mortality [2]. Arterial stiffness,
which is one of the complications of non-dip-
ping, is an established marker of arteriosclerosis
and subclinical atherosclerosis and is an inde-
pendent predictor of future adverse cardio-
vascular events [3]. Various techniques are
available to assess arterial stiffness but some
of these are inconvenient. Carotid-femoral
pulse wave velocity (CF-PWV) is a simpler, prac-
tical and more reproducible way of evaluating
arterial stiffness. It is considered the ‘gold stan-
dard’ for the measurement of arterial stiff-
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ness [4]. It has been proved that increase in
arterial stiffness is an independent predictor of
all causes of cardiovascular morbidity and
mortality [5]. Cardiovascular risk factors such
as age, diabetes and hypertension have been
established to be positively associated with
arterial stiffness [6]. However, the contribution
of serum lipids to the development of arterial
stiffness is not clear. Studies on the relationship
between serum lipids and arterial stiffness have
been conflicting [7, 8]. Additionally, there is no
data investigating the possible role of serum
lipid profile in non-dipping related increase in
arterial stiffness. Thus, the study was focused
on describing the serum lipid profile in non-
dipping related increase in arterial stiffness
measured by CF-PWV.

Methods

Study Population

This study was approved by the Human
Research Ethics Committee HREC (medical) of
the University of the Witwatersrand Johan-
nesburg South Africa (HREC approval number
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M170213). This study was carried out according
to the Helsinki declaration on ethical principles
for medical research involving human subjects.
The participants gave informed, written con-
sents before the commencement of the study.
Standard questionnaire was given to the par-
ticipants to record data on medical history,
smoking habits, alcohol intake, gender and age.
The participants were randomly recruited from
the SOWETO area of Johannesburg South Africa
and were of black African origin. Of the 1,219
participants enrolled in this study only 796 had
complete 24-hour ambulatory BP monitoring
reports and their data was included in the
statistical analysis. The minimum age of the
participants was 18 years old.

Anthropometric measurements

Height, weight, waist and hip circumference
were measured while the participants were in
the standing position with no shoes on. Height
was expressed in meters (m) while waist and
hip circumferences were expressed in centi-
metres (cm). Body mass index (BMI) was
expressed as kg/m?2.

Ambulatory blood pressure measurements

A twenty-four-hour ambulatory BP moni-
toring was carried out during the participants’
typical working day or a day involving their
usual activities using a Spacelabs 90207 (Spa-
celabs Inc., Redmond, Washington, USA) moni-
tor. The monitor was programmed to measure
BP at 15-minute intervals from 06:00 to 22:00
and then 30-minute intervals from 22:01 to
05:59. Participants were instructed to note the
time they go to bed and the time they wake up
in the morning in an activity diary which was
used to determine ‘awake’ and ‘asleep’ periods.
Upon completion, data was transferred from
the ambulatory BP monitors to a computer for
analysis. A recording was considered as suc-
cessful if at least 90% of valid recordings were
obtained. Participants were classified as dip-
pers if their nocturnal drop in 24-hour systolic
BP was >10% and as non-dippers if they had a
nocturnal drop in 24-hour systolic BP of <10%.

Carotid-Femoral Pulse Wave Velocity
(CFPWV) measurement

Carotid-Femoral PWV measurements were
conducted to determine the level of arterial
stiffness. After resting for about 15 minutes in
the supine position, CF-PWV was measured
using a high fidelity SPC-301 micromanometer
(Millar instruments Inc., Houston, TX) interfaced
with a computer running SphygmoCor software
version 9.0 (AtCor Medical Pty. Ltd., West Ryde,
New South Wales, Australia). Pulse pressure

waveforms were recorded from the right
common carotid artery and the right femoral
artery. Pulse wave velocity was calculated
automatically by the software.

Blood sample collection

Venous blood samples to determine serum
lipid profiles were taken for the participants by
an experienced qualified nurse who is part of
the research group. The participants were
asked to relax, and blood sample was collected
in the sitting position. For plasma analyses,
blood samples were collected into 9 ml EDTA
Vacuette® (Greiner Bio One International
GmbH) blood collection tubes. Blood samples
were collected into 5ml Vacuette® Serum Gel
tubes, gently inverted and allowed to clot for
30 minutes. The sample was then centrifuged
at 2200 g for 15 minutes and the serum was
carefully removed with a fine-bore pipette and
then stored in properly labelled sterile vials and
stored at 8 °C before pick-up by the laboratory.
Samples were then picked up by the staff of CLS
(Clinical Laboratory Services) at the National
Health Laboratory Service (NHLS), South Africa,
for analysis. All samples were taken to the
laboratory within 7 days of blood collection.

Statistical analysis

All data were analysed using STATA
(StataCorp LLC Texas USA) data analysis and
statistical software version 13.0. Data were
expressed as mean + standard deviation (SD)
for continuous variables. Categorical variables
were expressed as absolute or relative fre-
qguencies or as percentages. A test for normality
of continuous variables was assessed using
Shapiro-Wilk's statistic or x?test for categorical
variables. Comparisons between dipper and
non-dipper groups as well as gender groups
were done using independent Student’s t-test
or one-way analysis of variance (ANOVA) (with
post hoc Bonferroni tests). Simple regression
was used to determine the relationship
between carotid femoral pulse wave velocity
and age in both genders. A P-value of <0.05 was
considered as statistically significant.

Results

Demographic and clinical characteristics

The study population consisted of 796
participants and was classified according to
gender and BP dipping status. There were a
total of 288 males and 508 females. Of the 288
males, 148 were classified as dippers while 140
were classified as non-dippers. Of the 508
females, 235 were classified as dippers while
273 were classified as being non-dippers. In
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both gender groups, non-dippers were older
than dippers; 49.79+18.84 vs 39.06+£17.88,
p<0.0001 in the male group and 46.61+17.45 vs
41.25+£17.33, p=0.0003 in the female group.
Body mass index (BMI) was higher in females
when compared to males in the general
population 31.131£7.89 vs 24.96+5.14, p<0.0001.
Additionally, females had higher BMI than
males irrespective of dipping status. Waist
circumference was higher in the female non-
dipper group when compared with the male
dipper group (88.23+15.22 vs 83.42+13.31,
p=0.02) and also higher in the female non-
dipper group when compared with the female
dipper group (94.13+17.38 vs 89.50+15.35,
p=0.0008). Females had higher waist circum-
ference when compared with males irrespective
of dipping status and gender group. There were
more hypertensive participants in the non-
dipper groups when compared with the dipper
groups irrespective of gender. There were also
more diabetic participants in the male non-
dipper group when compared to the male
dipper group. Males in the general population
had higher triglycerides (TRGL) when compared
with femalesin the general population 1.46+0.96
vs 1.13+1.02, p<0.0001. Additionally, dipper
males had higher serum TRGL when compared
with dipper females 1.32+0.98 vs 1.06+0.58
p=0.0012. Non-dipper males also had higher
serum TRGL when compared with non-dipper
females 1.61+2.05vs 1.19+1.14, p=0.0078. Within
the same gender group, serum triglycerides
were not different between dipper and non-
dippers. Serum HDLc was lower in males when
compared with females in the general popu-

lation (p<0.0001). Serum HDLc was also lower
in the non-dipper male group when compared
to the non-dipper female group (p=0.008).
Females had higher serum LDLcwhen compared
tomalesinthe general population 2.72+0.89 vs
2.48+0.62, p<0.0001. Serum LDLc levels did not
differ between dippers and non-dippers within
gender groups; however, LDLc levels were
higher in the female non-dipper group when
compared with the male non-dipper group
(p<0.05). There were no differences in other
clinical and demographic characteristics. These
results are presented in Table 1.

Carotid femoral pulse wave velocity
(CFPWV) by gender and dipping status

In both male and female groups, non-
dippers had higher CFPWV when compared
with dippers; 7.53+3.60 (n=130) vs 5.74+2.47
(n=134), p<0.0001 and 6.64+2.52 (n=232) vs
5.98+2.23 (n=203), p=0.0021 respectively. Non-
dipper males however had significantly higher
CFPWV when compared with non-dipper
females (7.53+3.60 vs 6.64+2.52, p=0.0031).
These results are presented in Figure 1.

Relationship between age and carotid
femoral pulse wave velocity (CFPWV)

Carotid Femoral Pulse Wave Velocity
increased with age amongst males and females
irrespective of dipping status. However, the
age-related increase in CFPWV was steeper in
males when compared to females (p<0.0001)
irrespective of dipping status. The age-related
increase in CFPWV was steeper in both non-
dipper males and females when compared to
dipper males and dipper females (p<0.0001).
These results are presented in Figure 2.
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Fig. 1. Carotid femoral pulse wave velocity (CFPWV) of the participants according to blood pressure dipping =
status and gender. Results are presented as meanSD. E
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Fig. 2. Age related increase in pulse wave velocity. Panel A represents dippers population while panel B

represents non-dippers. PWV = Pulse Wave Velocity.

Discussion

In this cross-sectional study of black South
Africans, itwas demonstrated that non-dippers
have higher arterial stiffness as measured by
CFPWV when compared with dippers. We also
show that male non-dippers have greater arte-
rial stiffness and greater age-related increase
in arterial stiffness when compared with female
non-dippers. Males had significantly higher
serum triglycerides when compared with
females irrespective of blood pressure dipping
status. To our knowledge, this is the first time
that serum lipid profiles are considered in non-
dipping related arterial stiffness.

The males in our cohort had greater levels
of triglycerides irrespective of dipping status
irrespective of dipping status. We believe that
serum triglycerides might explain the higher
arterial stiffness observed in males. This is
consistent with the findings of Wang and
colleagues where they showed in a community-
based study involving 1, 447 participants, that
lower levels of triglycerides were significantly
associated with decreases in CFPVW even after
adjusting for confounding variables [9]. Zhao
and colleagues also showed similar results [10].
They established that serum triglycerides had
a positive relationship with brachial ankle pulse
wave velocity (baPWV) in 1133 participants aged
from 50 to 90.

The present study shows a significantly
lower serum HDLc in non-dipper males when
compared with non-dipper females. This might
also explain the gender differences in arterial
stiffness between non-dipper males and fe-

males. The role of HDLc in arterial stiffness has
been studied and it has been suggested that
low levels of HDLc is a risk factor for cardio-
vascular and cerebrovascular diseases [11].
Similarly, different studies have shown an
inverse relationship between HDLc and pulse
wave velocity, suggesting that higher levels of
HDLc might be associated with an improved
arterial distensibility [12]. Wang and colleagues
in a cross-sectional study showed that in 15,
302 participants, HDLc had an inverse relation-
ship with CFPWV [13]. Because of the large
population of this study and similarity in tech-
nique used in the assessment of arterial stiff-
ness, we are confident about the validity of our
results. Of interest is also the study by Shen and
colleagues where it is shown that high serum
levels of HDLc are associated with a lower risk
of arterial stiffness specifically in women older
than 50 years of age but not in age matched
men and not in individuals younger than 50
years old [14]. The exact mechanism behind the
relationship between HDLc and CFPWV is not
quite clear but it has been postulated that high
HDLc levels are inversely proportional to advan-
ced glycation end products levels (AGEs) [15]
which stimulate inflammatory pathways and
stress signaling and can damage elastin mole-
cules in the vascular wall leading to arterial
stiffness [16]. It has also been shown that HDLc
has beneficial effects on the vascular wall via
its anti-apoptotic, anti-inflammatory and anti-
thrombotic properties [17].

Additionally, we also show in this study that
female non-dippers had higher LDLc concen-
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trations when compared with non-dipper
males. Although high serum levels of LDLc have
been attributed to higher degrees of arterial
stiffness [18], this might not explain the obser-
ved gender differences in arterial stiffness in
this study. This suggests that LDLc might be
less important at determining arterial stiffness
when compared with HDLc and triglycerides in
this population. This assumption may be sup-
ported by trials that have shown significant
residual cardiovascular risk even when LDLc
levels have reached treatment target levels.
This residual cardiovascular risk has been
attributed to high triglycerides levels despite
normal LDLc levels [19]. It has also been shown
that levels of HDLc have better prognostic capa-
bilities when compared to levels of LDLc [20].

The significantly higher pulse wave velocity
in non-dipper males could have also been
accounted for by higher prevalence of diabetes
in this group. Alecu and colleagues showed in
207 participants a strong correlation between
diabetes and arterial stiffness and a stronger
relationship between pulse wave velocity and
age in diabetic individuals when compared with
non-diabetic individuals [21], although the non-
dipping component was not considered. A
relatively larger study with 1,415 participants
showed higher prevalence of arterial stiffness
amongst diabetic participants. They also
showed a higher risk of increased arterial
stiffness amongst diabetic individuals in a
5-year follow-up study [22].

The present study shows an increase in
CFPWV with age irrespective of gender, with
males having a steeper increase in age related
arterial stiffness when compared to females
irrespective of dipper status. These observations
are consistent with those of Alghathrif and
colleagues where they showed in a population
of 777 individuals with 354 men and 423 women,
that men had a steeper longitudinal increase
in CFPWV with advancing age when compared
with women, which makes the males to have
higher CPFPWV values after their fifth decade
[23]. Our results are also in line with another
study by Wen and colleagues [24] in which
arterial stiffness was assessed by cardio-ankle
vascular index (CAVI) in 18, 336 subjects and it
was observed that aging led to a higher arterial
stiffness in men when compared with women.
Magalhdes and colleagues also showed that
males above 50 years old had a greater pulse
wave velocity when compared to age matched
females [25]. However, in contrast to our
findings there are observations by Nethononda

and colleagues where it was evidenced that
females showed a steeper increase in aortic
stiffness with age when compared with males
[26]. This study consisted of 777 individuals with
408 females and 369 males. The pulse wave
velocity was assessed using cardiovascular
magnetic resonance. Similarly, a study by
Tomiyama and colleagues reported that age
induced arterial stiffness as measured by
brachial ankle pulse wave velocity was higher
in females when compared to males. This study
involved 7,881 subjects with 4,488 males and
3,393 females [27]. The differences in obser-
vations between the latter mentioned studies
are not quite clear, but despite their large
sample sizes, they employed different methods
to assess arterial stiffness. All the studies men-
tioned above have been conducted in general
populations and the nocturnal BP dipping
statuses of the participants were not taken into
consideration. The reports that studied the
non-dipping BP pattern alongside arterial stiff-
ness did not consider age and gender differen-
ces [28]. Our results suggest that non-dipping
related arterial stiffness is more severe in males
when compared to females causing them to
have a higher non-dipping related arterial
stiffness and a steeper increase in age related
arterial stiffness when compared with females.
Aging is associated with increased sympathetic
activation [29] and may lead to inflammation.
Inflammation has been shown to induce arterial
stiffness [30].

Our study population was modest in size
and consisted entirely of black Africans living
in Africa, this might limit the generalizability of
our findings. Also, our study was cross-
sectional, therefore, cause-effect relationships
cannot be established.

Conclusions

The nocturnal non-dipping blood pressure
profile is associated with higher arterial stiff-
ness and a steeper age-related increase in
arterial stiffness irrespective of gender. Non-
dipper males have higher level of arterial
stiffness and age-related increase in arterial
stiffness when compared with non-dipper
females. Therapies targeting a reduction of
serum triglycerides levels might be beneficial
in improving arterial compliance with or
without the presence of non-dipping.
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JIIIITHAN CIIEKTP KPOBI TA APTEPIAJTIBHA JKOPCTKICTH V ITAI[IEHTIB
3 NON-DIPPER-IOBOBHM ITPOPIIIEM APTEPIAJIBHOI'O TUCKY
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Bctyn. Jo6osuli npogine apmepiancHo20 mucky (AT) non-dipper, skuli cynpo8ooxyemuscs HeA0CMamHim
3HUXMCeHHAM AT 8HOYI, ACOYIOEMBLCSA 3 NIOBULYEHO HOPCMKICMI0 apmepili ma ypaxceHHAM op2aHis-miweHel.
JlinidHuli npodine - 00HA 3 8AXIUBUX OemepMiHAHM apmepiansLHOI HOPCMKOCMI.

MeTa po6oTn. Mema 00CnidHeHHA - OYiHUMU 830EMO38’A3KU MIiXC NiNIOHUM cCnekmpom Kpoei ma
apmepianbHO0 Hopcmkicmio y nayieHmie 3 dobosum npopinem AT non-dipper.

MeTopwn. bys0 npogedeHe nonepeyHe (00HOMOMeHMHe) docnioxceHHsA 796 (288 yonosikie ma 508 xiHOK)

ocib-appukanyie. 24-200uHHUl do608ull MOHIMOopuH2 AT Npo8odu/U 3 BUKOPUCMAHHAM 06100HAHHA Spacelabs
90207 (Spacelabs Inc.,, Redmond, Washington, USA). LLIsudkicme nowupeHHs nyas6cosoi xeusni no apmepisx
enacmuy4Hozo muny (LUMIX) eusHayanu 3a donomozot mikpomaHomempa SPC-301 (Millar instruments Inc.,
Houston, TX).

PesynbtaTn. Ceped 288 yonosikie y 140 dobosuli npopine AT 6ye muny non-dipper. Ceped 508 xciHok yeli
mun 6ysy 273. ¥ 3a2an6Hill K020pmi piseHb mpuaiyepudie bys 8ULUM ¥ 40/108iKi8 NOPIBHAHO 3 XciHkamu 1,46+0,96
vs 1,13+1,02, p<0,0001. Okpim mozo, y yososikie 3 do6o8um npopinem AT dipper pieeHs mpuzniyepudie bys suwjum
8i0HOCHO MciHOK-dippers 1,32+0,98 vs 1,06+0,58 (p=0,0012) sidnoeidHo. Non-dippers-4oa08iku Manu suwjuli piseHs
mpuzniyepudie makoxc 8i0HOCHO i xciHok-non-dippers: 1,61+2,05 vs 1,19+1,14 (p=0,0078) gionogioHo. PigeHb
ninonpomeidie 8UCOKOI WiAbHOCMI 68 00CMOBIPHO HUXCHYUM Yy H0/108iKig-non-dippers NopisHAHO 3 MiHKAMU 3
2pynu non-dippers (p=0.008). ¥ 060x cmameli i 4onosikie i xiHok non-dippers LLTIMIX 6yna 8UUj00 y NOPIiBHAHHI 3
dippers; 7,53+3,60 vs 5,74+2,47, p<0,0001 ma 6,64+2,52 vs 5,98+2,23 (p=0,0021) 8idnogioHo. OOHaK y 4os08ikie
non-dipper LUTIMX 6yna docmogipHO 8UU4OK NOPIBHAHO 3 AHA/M02IYHO 2PYNOK HHOK (7,53+3,60 vs 6,64+2,52,
p=0,0031).

BUCHOBKW. Bpaxosyrouu ompuMaHi HaMu 0aHi, gapmakomepanisi CnpsiMOBAHA HO 3HUMCEHHSA PIiBHSA

mpuzniyepudie y cuposamuyi Kposi Moxce anaugamu Ha nepebiz apmepianeHoi 2inepmeH3ii ma ii Hacioku %

He3as1exHo 8i0 muny 00608020 NPOYiN0 apmepianbHO20 MUCKY. O

K/THOYOBI C/10OBA: Non-dipping npo¢inb aptepianbHOro TUcKy; apTepiasibHa XXOPCTKICTb; E

niniaHMi npoginb KpoB.i. m
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