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HIPERTANSIYON EVRELERi ARASINDAKI iLiSKi

THE RELATIONSHIP BETWEEN SERUM ANGIOPOIETIN-LIKE PROTEIN 8
LEVELS AND HYPERTENSION STAGES
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OZET

AMAC: Hipertansiyon ciddi komplikasyonlara yol acabilen cid-
di bir durumdur. Gliniimiizde, hipertansiyon tanisi koymak ve
hastaligi evrelemek icin klinik uygulamada kullanilan standart
bir biyobelirte¢ yoktur. Bu calismanin amaci, anjiyopoietin ben-
zeri protein 8'in (SANGPTL8) serum dtizeylerinin hipertansiyon
hastalarinda ve hipertansiyonun ileri evrelerinde degisip degis-
medigini arastirmaktir.

GEREC VE YONTEM: Calismamiz, prospektif gézlemsel bir calis-
madir. Kardiyoloji poliklinigimizde, 42 hipertansif ve 41 hiper-
tansif olmayan saglhkl hastada, SANGPTL8 duzeylerini 6lcmek
icin bir ELISA kiti kullandik ve gruplar arasindaki istatistiksel
farkliliklan degerlendirdik. Two-tailed p< 0.05 dederini istatis-
tiksel olarak anlamli kabul ettik.

BULGULAR: Evre 2 hipertansiyon grubundaki ortalama sAN-
GPTL8 diizeyleri, evre 1 ve hipertansif olmayan gruba gore is-
tatistiksel olarak anlamli derecede yiiksek olarak tespit edildi
(sirastyla, 813 pg/ml, 524.89 pg/ml ve 518.07 pg/ml) (p=0.001).

SONUC: Calismamiz, evre 2 hipertansif hastalarda ortalama
SANGPTL8 dizeylerinin, evre 1 hipertansif ve normotansif bi-
reylerden daha yulksek oldugunu gdstermistir (p= 0.001). AN-
GPTL8 ile birlikte kullanilabilecek ek biyobelirtecler ve ANGPTLS8
lUzerine yapilacak daha fazla arastirma, bu adipokinin ileri evre
hipertansiyon tanisinda etkili bir biyobelirtec olarak kullaniima-
sini saglayabilir.

ANAHTAR KELIMELER: Hipertansiyon, Anjiyopoietin benzeri
protein 8, Kan basinci, Son organ hasari.
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ABSTRACT

OBJECTIVE: Hypertension is a serious condition that can lead
to serious complications. Currently, there is no standard biomar-
ker used in clinical practice to diagnose hypertension and stage
the disease. The aim of this study was to investigate whether
serum levels of angiopoietin-like protein 8 (SANGPTL8) change
in hypertensive patients and advanced stages of hypertension.

MATERIAL AND METHODS: Our study is a prospective ob-
servational study. We used an ELISA kit to measure SANGPTL8
levels in 42 hypertensive patients and 41 healthy non-hyper-
tensive patients at our cardiology clinic and evaluated statisti-
cal differences between the groups. A two-tailed p< 0.05 was
considered statistically significant.

RESULTS: The mean sANGPTLS levels in the stage 2 hyperten-
sion group are statistically significantly higher than in the stage
1 and non-hypertensive group (813 pg/ml vs 524.89 pg/ml and
518.07 pg/ml respectively) (p= 0.001).

CONCLUSIONS: According to our study, mean sANGPTLS le-
vels were higher in stage 2 hypertensive patients compared to
stage 1 hypertensive and normotensive individuals (p=0.001).
Additional biomarkers that can be used in combination with
ANGPTLS8 and further research on ANGPTL8 may enable this
adipokine to be used as an effective biomarker in diagnosing
advanced hypertension.

KEYWORDS: Hypertension, Angiopoietin-Like Protein 8, Blood
Pressure, End-organ damage.
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INTRODUCTION

Hypertension is a major risk factor for cardio-
vascular disease, contributing significantly to
morbidity and mortality worldwide. High systo-
lic blood pressure is a primary cause of death
and disability, according to the 2017 Burden
of Disease Study (1). The relationship betwe-
en blood pressure and increased cardiovascu-
lar disease risk is gradual and continuous from
115/75, considered the normotensive range (2).

In April 2013, Yi and colleagues discovered a
hormone called ANGPTL8, which they named
"betatrophin” due to its significant role in pro-
moting pancreatic b-cell proliferation (3). AN-
GPLT8 is mainly synthesized in the liver and
adipose tissues. Itis a circulating adipokine that
affects glucose and lipid metabolism (4).AN-
GPTL8 has been identified as a critical marker
regulating serum glucose and lipid metabolism,
controlling cardio-metabolic disease risk (5, 6).
The ANGPTL8 gene expression is regulated
by the inflammatory state, and its levels are
decreased by tumor necrosis factor-a (TN-
F-a) under inflammation (7). Circulating AN-
GPTLS is related to inflammatory disease, me-
tabolic parameters, and oxidative stress (8).

Studies over the past 15 years have determined
thatinflammation playsavital rolein developing
essential hypertension (9 - 12). A recent study
consisting of 14 prospective cohortstudies, 2 ret-
rospective cohort studies, 5 nested case-control
studies, and a systematic overview has shown
that individuals with high levels of inflamma-
tion markers in their bloodstream are at a hei-
ghtened risk of developing hypertension (13).

Our team posited that advanced hypertensive
patients may have elevated sANGPTLS levels,
given the known involvement of inflamma-
tory processes in the development of hyper-
tension. Our hypothesis further suggested
that there is a positive correlation between
ANGPTLS8 levels and the stage of hypertensi-
on. There is no previous study comparing sAN-
GPTL8 levels in hypertension stages. In light
of the knowledge that the probability of fatal
end-organ damage increases as the hyperten-
sion stage progresses, early diagnosis, treat-
ment and staging of hypertension are crucial.

The purpose of this study is to investigate
the potential of serum levels of SANGPTLS8 to
serve as a diagnostic marker for hypertensi-
on and its progression to advanced stages.

MATERIALS AND METHODS
The Study Population

Our study is a prospective observational study.
We enrolled hypertensive patients and healt-
hy individuals who applied to our cardiology
outpatient clinic between June and July 2017.
We divided hypertensive individuals into sta-
ge 1 and stage 2 hypertension patients. We
excluded stage 3 hypertensive patients (2 pa-
tients), which we first included in the study
because we determined that they would not
gain statistical significance in comparison due
to their small number. We excluded hyperten-
sive patients with secondary hypertension,
antihypertensive medication, diabetes, he-
art failure, coronary artery disease, peripheral
artery disease, cerebrovascular disease, ch-
ronic renal failure, obesity, cancer, inflamma-
tory and infectious diseases, and pregnancy.

Laboratory Measurements

The diagnosis of hypertension was confirmed
with a 24-hour ambulatory blood pressure me-
asuring device (Contec brand, ABPM50 model,
made in China). We described hypertension
stages according to the 2018 European Guide-
lines On The Management of Hypertension as
stage 1; systolic blood pressure (SBP) 140-159
mmHg or diastolic blood pressure (DBP) 90-
99 mmHg, and stage 2, SBP 160-179 mmHg or
DBP 100-109 mmHg (14). The body mass index
is calculated as weight in kilograms divided by
the square of the height in meters, expressed as
kg/m?. To measure waist and hip circumferen-
ce, a tape measure is used. The waist-hip ratio is
then calculated by dividing the waist circumfe-
rence in centimeters by the hip circumference
in centimeters. SANGPTLS levels were obtained
venously after 8-10 hours of fasting and placed
in vacuum blood collection tubes containing
gel and clot activator. Serum was obtained by
rotating these tubes at 1600 rpm for 10 minu-
tes in a centrifuge device. Collected samples
were stored in the refrigerator at -20 degre-
es Celsius. sANGPTL8 levels were measured



with the commercially available enzyme-lin-
ked immunosorbent assay kit (Catalogue no.
E11644h; Wuhan ElAab Science, Wuhan, China).

Ethical Committee

Our study was approved by the Malatya Clinical
Research Ethics Committee with protocol num-
ber 2017/24 and the research was conducted
under the Declaration of Helsinki. Written and
signed consent was obtained from each parti-
cipant.

Statistical Analysis

The data were analyzed using SPSS software
(IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY, USA, IBM Corp.). We expressed ca-
tegorical variables as frequencies and percen-
tages and continuous variables as mean and
standard deviation for normally distributed
data or median values and interquartile ranges
for non-normally distributed data. We conduc-
ted the Kolmogorov-Smirnov test to determine
if the variables followed a normal distribution.
Taking George et al's study as a reference, it was
determined that the variables were normally
distributed since their skewness and kurtosis
values were within +2 (15). Parametric tests
were applied: Independent-Samples T test for
variables with two subgroups and One-way
ANOVA test for variables with more than two
subgroups. Two-tailed p-values < 0.05 were
considered statistically significant. Upon dete-
ction of non-homogeneity of variances, Tam-
hane's T2 post hoc test performed a pairwise
comparison between groups. The categorical
variables were analyzed using the appropria-
te chi-square test and expressed as percenta-
ges (%) and absolute numbers. In contrast, we
expressed continuous variables as means and
standard deviations or medians for normal-
ly distributed data. Since the variables were
normally distributed, the correlation between
the continuous variables was evaluated using
the Pearson correlation test. The relationship
between sANGPTLS levels and the hypertensi-
on stages was analyzed through a linear regres-
sion model. The effect size in the three-group
variables was measured using the formu-
la m>=335 (16,17). Receiver Operating Charac-
teristic (ROC) curve analysis was used to predict
stage 2 hypertension using SANGPTL8 levels.
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RESULTS

We conducted a prospective observational
study with 83 participants, 41 healthy and 42 hy-
pertensive. The mean age of the study populati-
on is 39.73 with £14.09 standard deviation. The
study population consisted of 37 males and 46
females. There were no statistically significant
differences between hypertension subgroups
regarding age, gender, and waist-hip ratio clas-
ses. A statistically significant difference was de-
termined between the three groups regarding
SANGPTLS8 levels and body mass index values
(p=0.001, and p=0.002 respectively) (Table 1).

Table 1: Demographic and clinical data of the study population

Normotensive
(n=41)
33.49+10.28
18 (43.9)
31(47)

24.60 £ 4.65

Stage 1 HT
(n=19)
44471313
9(47.4)

16 (24.2)
28.01+251
146.84£6.71

Stage 2 HT P
(n=23)

46.96 £16.12 3

10 (43.5) 1

19 (28.8) 7
27.57+4.12 .002*
163.04£7.8 .002*
DBP (mmHg) 90.53 +8.48 983653 .002*
MAP (mmHg) - 109.32+4.89 119.83 £4.82 .003*
SANGPTL 8 levels (pg/ml) 518.07 £211.76 524.89 +184.61 813+351.11 .001*
Age and BMS values are presented as mean # standard deviation. All other data expressed as mean # standard deviation or
n (%). Differences between groups were analyzed by the x2 test or One- Way Anova Test. Abbreviations: BMI= Body mass
index. SANGPTL8= Serum angiopoietin-like protein 8. WHR= Waist-hip ratio. SBP= Systolic blood pressure. DBP= Diastolic
blood pressure. MAP= Mean arterial pressure. “p <.01

Characteristics

Age (years)

Male n (%)

WHR (0.8- 1.0) n (%)
BMI (kg/m?)

SBP (mmHg)

The mean SANGPTL8 level of stage 2 hy-
pertensive individuals (813 = 351.11 pg/ml)
was higher than the normotensive (518.07 +
211.76 pg/ml) and stage 1 hypertensive in-
dividuals (524.89 + 184.61 pg/ml) (Figure 1).

1.000,00

I stagraanis I e

MEAN SERUM ANGPTL8 LEVELS + STANDARD
DEVIATION (PG/ML)

0,00

NORMOTENSIVE STAGE 1HT STAGE 2 HT

Figure 1: Serum ANGPTLS levels (pg/ml) at different stages of
hypertension. Data expressed as mean + standard deviation.
The One way ANOVA test was performed. p<.01. ANGPTL8: An-
giopoietin-like protein 8. HT: Hypertension

Based on post-hoc tests, it has been deter-
mined that patients with stage 2 hypertensi-
on exhibit notably elevated sANGPTL8 levels
compared to those with stage 1 hypertension
and those who are normotensive (with p-va-
lues of 0.005 and 0.003, respectively). Con-
versely, no significant disparity was detected
between those with stage 1 hypertension and
normotensive individuals (p= 0.99) (Table 2).
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Table 2: Comparison of hypertension stages according to sAN-
GPTL 8 levels

Hypertension Stage n Mean Std. Dev. F P Sig. dif. n? (Eta?)
Normotensive 41 518.07 21175 11.140 .001 3>1 22
Stage 1HT 19 524.89 184.60 3>2

Stage 2 HT 23 813 35111

*p< .01 One Way Anova Test. n? (Eta?)=.22 means that the effect size is large. Abbreviations: HT= Hypertension.
SANGPTL8= Serum angiopoietin-like protein 8. Std Dev.= Standard deviation. Sig. dif. : Significant difference
1= Normotensive Group. 2= Stage 1 Hypertensive Group. 3= Stage 2 Hypertensive Group.

When age, systolic, diastolic, body mass index,
and sANGPTL8 levels were evaluated using
one-tailed Pearson correlation analysis, a statis-
tically significant, low-level positive relationship
was found between sANGPTL8 levels and systo-
lic blood pressure (r=0.286, p= 0.03) (Table 3).

Table 3: Pearson's correlation test to determine the relationship
between sANGPTL 8 levels and age, systolic and diastolic blood
pressures and BMI

Variables N r D

Age (years) 8 062 289
B! (kg/m? 8 159 76
SBP (mHg) % 286 033
DBP (mmHg) f 128 209

Abbreviations: BMi= Body mass index. SANGPTL8= Serum angiopoietin-Tike protein 6. SBP= Systolic blood pressure.
DBP= Diastolic blood pressure, *p<.01, = Pearson correlation.

However, no statistically significant correlation
was found between diastolic blood pressures
and sANGPTLS8 levels (p= 0.2). Linear regressi-
on analysis was performed to predict SANGPTL
8 levels. The levels of sSANGPTL8 were signi-
ficantly predicted by systolic blood pressure
and BMI (F=2.866, p=0.35, and 0.37 respecti-
vely). Systolic blood pressure and BMI accoun-
ted for approximately 18% of the variation in
SANGPTLS8 levels. When the body mass index
and systolic blood pressure increase by one
unit each, the levels of SANGPTLS8 increase by
29,656 and 9,432 units respectively (Table 4).

Table 4: Linear regression analysis to predict SANGPTL 8 levels

Variables R R? F p B t p

Age (years) 430 184 2866 049 325 101 920
BMI (kg/m?) 29656 2157 037
SBP (mmHg) 9432 2181 035

Abbreviations: BMI= Body mass index. SBP= Systolic blood pressure. SANGPTL8= Serum angiopoietin-like protein 8.
p<.05

We measured the n2 (Eta2) value as .22 for
three groups. The study's effect size is large
according to Cohen's guidelines Table 2 (18).
In the ROC curve analysis, the sSANGPTLS8 cut-
off point for predicting stage 2 hypertension
was 530.5 pg/ml. Sensitivity and specificity by
this cut-off point for SANGPTL8 in predicting
stage 2 hypertension are 69.6% and 70%, res-
pectively (Table 5). The AUC (Area under the
ROC curve) for ANGPTL8 was 0.769 (Figure 2).

Table 5: Sensitivity And Specificity By The Optimized Cut-off
Points For Serum ANGPTLS8 Levels In Predicting Hypertension

Risk Factor AUC (95%) Cutt off p Sensitivity (%) Specificity (%)

serum

ANGPTL8 0.769 (0.653-0.886) 5305 pg/ml 001 69.6 70
Abbreviations: ANGPTL8= Angiopoietin-like protein 8, AUC= Area Under the ROC (Receiver Operating Characteristic
Curve. p<.01
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02 Lot
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S -- Reference Line
00
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Figure 2: ROC curve analysis of Angiopoietin-like protein 8 in
predicting hypertension. Cl: Confidence interval. AUC: Area Un-
der the ROC Curve. ANGPTLS8: Angiopoietin-like protein 8.

DISCUSSION

Our research has delved into the correlation
between sANGPTL8 level and hypertension
stage. Notably, our study is the first to have
explored this association. Previous studies
have indicated that SANGPTL8 levels tend to
be higher in individuals with hypertension.
Our team's study has revealed a notable diffe-
rencein SANGPTLS levels between hypertensive
patients classified as stage 1 versus those clas-
sified as stage 2 and normotensive individuals.
Specifically,the SANGPTL8 levels of patients with
stage 2 hypertension were found to be signifi-
cantly higher than those with stage 1 hyperten-
sion and normotensive individuals (Figure 3).

Previous studies consistently demonstrate
that high systolic blood pressure is a leading
risk factor for morbidity and mortality (1).
It is known that the duration of the disease
and the blood pressure elevation are linked to
life-threatening complications like congesti-
ve heart failure, end-stage renal disease, and
stroke (19). Therefore, early hypertension di-
agnosis, staging, and treatment are crucial.



n2=0.22
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SERUM MEAN ANGPTL8 LEVELS (PG/ML)
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Figure 3: As the stage of hypertension advances, the levels of
ANGPTL 8 serum increase. n2 (Eta2): effect size symbol. AN-
GPTL8: Angiopoietin-like protein 8.

In 2013, a hormone by the name of ANGPTL8
was identified by Yi and a team of colleagues
(3). This hormone regulates glucose and lipid
metabolism and is involved in metabolic di-
seases such as obesity and diabetes (20 - 22).
Circulating ANGPTLS is related to inflammatory
disease. Zhang Y et al. showed that ANGPTL8
has an intracellular location associated with re-
gulating inflammation (8). As a result of a study,
it was determined that plasma ANGPTLS levels
were high in patients with severe infection.
Furthermore, a strong correlation between cir-
culating ANGPTL8 and lipopolysaccharide-in-
duced acute inflammatory response was repor-
ted in animal models (23). However, the role of
ANGPTLS8 in the inflammation and inflamma-
tion-related signalling pathway is unknown.

Many studies showed that inflammation plays
a vital role in developing essential hyperten-
sion, and high circulating inflammation mar-
kers were significantly related to the risk of
developing hypertension (9 - 13). There are
various ways in which inflammation and blo-
od pressure can be linked. One possible mec-
hanism is that high blood pressure can trigger
the development of atherosclerosis by altering
the biomechanical stimuli exerted by pulsa-
ting blood flow, such as increased hydrostatic
pressure or cyclic strain, which can affect the
genes and function of endothelial cells (24).

Our study indicated a positive correlation
between systolic blood pressure and SANGPTL8
levels, but there was no correlation between
diastolic blood pressure and sANGPTLS levels.
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Maurer L et al. (25) also found similar correlati-
on results between ANGPTL8 and blood pres-
sure in their study. In a recent study, Chae et al.
(26) noted that increased blood pressure may
stimulate inflammation, a possible mechanism
underlying hypertension. They found a positive
correlation between increased blood pressure
and inflammatory markers measured in their
study. They also reported that serum levels of
the inflammatory marker Intercellular adhesi-
on molecule-1 (sICAM-1) positively correlated
with systolic blood pressure but no diastolic
blood pressure. It is unknown why some inf-
lammatory marker’s serum levels correlate with
systolic blood pressure but not diastolic blood
pressure. More comprehensive studies are ne-
eded in the future to elucidate this situation.

Many studies have reported that sANGPTLS,
which is increased in inflammatory conditions,
is also increased in hypertensive patients (25,
27, 28). Based on the knowledge that inflam-
matory processes are involved in the develop-
ment of hypertension, we aimed to determine
the relationship between sANGPTLS8 levels and
the presence and stage of hypertension. Accor-
ding to the results of our study, SANGPTLS le-
vels increased in stage 2 hypertensive patients.
The results of our study are partially different
from those of Abu-Farha et al. (27) and Hu, Lin
et al. (28). As a result of these two studies, sAN-
GPTL8 levels were found to be higher in hyper-
tensive patients than in normotensive individu-
als. However, these two studies did not evaluate
the relationship between hypertension stages
and sANGPTLS levels. In a recent animal experi-
ment, Jiao et al. (29) found that ANGPTL8 exp-
ression was increased in hypertensive mice, rats
and patients. They also found that VSMC (Vascu-
lar smooth muscle cell) -specific deletion of AN-
GPTL8 attenuated Angll-induced hypertension
and hypertensive cardiovascular remodelling.
Based on the findings of our study, SANGPTL8
levels exhibit an increase with a rise in systolic
blood pressure but not with an increase in di-
astolic blood pressure. Additionally, these le-
vels tend to increase in patients with stage 2
hypertension but not necessarily in all hyper-
tensive patients. ROC analysis suggests that
ANGPTLS8 adipokinin is not a potent biomarker
for predicting stage 2 hypertension (sensitivity
69.6%, specificity 70%). However, additional



418

biomarkers that can be used with ANGPTL8
and further research on ANGPTL8 may enable
ANGPTLS to be used as an effective biomarker
in the diagnosis of advanced hypertension.
Our research has several limitations. We condu-
cted our study at a single center with a relati-
vely small sample size due to the high cost of
the SANGPTLS8 ELISA kit, which was constrained
by our budget. The group of stage 3 hyperten-
sive patients was excluded from the evaluation
due to the small number of such patients ini-
tially included in the study. Another area for
improvement of the study is its design, which
did not allow us to establish the causality and
role that SANGPTL8 may play in hypertension
development. The study's division into nor-
motensive and hypertensive subgroups ins-
tead of observing patients with similar clinical
characteristics suggests a high standard de-
viation of SANGPTLS8 levels between the two
groups. Furthermore, although we controlled
for potential confounders that elevate sAN-
GPTLS levels, such as diabetes, hypercholeste-
rolemia, and obesity, it is always possible that
unrecognized confounding variables exist.

In conclusion, ANGPTL8 along with other bio-
markers, could potentially be used as an effe-
ctive tool to diagnose advanced hypertension.
In selected hypertensive patients who do not
have underlying conditions that may cause an
increase in SANGPTLS levels, such as diabetes,
coronary artery disease, chronic inflammatory
disease, or acute infection, those with eleva-
ted sANGPTL8 levels may be at a higher risk
of advanced hypertension. Also, with future
studies comparing sSANGPTLS levels measured
before and after antihypertensive treatment
in patients with hypertension, it will be pos-
sible to determine whether this adipokine is
an appropriate biomarker to measure the suc-
cess of antihypertensive treatment and blo-
od pressure regulation in routine clinical use.
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