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Abstract

Background: The incidence of hypertensive crisis patients worldwide has been estimated
at 1-2% of the population. The objective of this study was to evaluate the correlation between
neutrophil-to-lymphocyte ratio and renal function in the acute state of hypertensive crisis.

Methods: The study was conducted in Citra Husada hospital in Jember, East Java, Indonesia,
including 167 consecutive patients admitted to the hospital between January and December 2019
to diagnose hypertensive crisis. The neutrophil-to-lymphocyte ratio was counted as neutrophil
count (/ul) divided by lymphocyte count (/uL). The estimated glomerular filtration rate (ml/
min/1.73 m?) was calculated with the Modification of Diet in Renal Disease equation.

Results: Hypertensive crisis proportion was lower in male (40.7%, 68 patients) than females
(59.3%, 99 patients). The hypertensive emergency incidence was higher (92.2%, 154 patients)
with cerebral events as the most frequent target organ damage (64.1%, 107 patients). neutrophil-
to-lymphocyte ratio was significantly lower in hypertensive emergency patients (p=0.033), while
estimated glomerular filtration rate was significantly higher in hypertensive emergency patients
(p=0.046). neutrophil-to-lymphocyte ratio and estimated glomerular filtration rate correlation
was significant (p=0.036) with a very weak score (r=-0.163) and coefficient of determination
0.266. A decrease of estimated glomerular filtration rate of 26.6 % will follow each increase in
neutrophil-to-lymphocyte ratio.

Conclusion: This study suggested a relationship between the increasing neutrophil-to-lym-
phocyte ratio with decreasing estimated glomerular filtration rate in hypertensive crisis patients.
Further studies are needed to evaluate whether the increase in neutrophil-to-lymphocyte ratio
was an acute or chronic disease process.
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INTRODUCTION

Hypertension is the most prevalent chronic
medical condition afflicting people globally [Va-
rounis C et al., 2017]. High blood pressure (BP) is
a highly prevalent ailment, and its repercussions
(including heart disease, stroke, and kidney fail-
ure) are significant public health problems [Salim
H et al., 2020]. Hypertension contributes as a risk
factor for the leading causes of death in Indonesia:
stroke and ischemic heart disease [Centers for Dis-
ease Control and Prevention, 2018]. Hypertension
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comorbid was one of the causes of coronary heart
disease (CHD). High blood pressure would cause
direct trauma to the walls of the coronary arteries.
Therefore, it facilitated coronary atherosclerosis
(coronary factors) [Saputri F et al., 2020]. The in-
cidence of hypertensive crisis patients around the
world has been estimated at 1-2% of the popula-
tion [Chakraborty S, 2017]. In 2004, hypertension
was the third most prevalent condition seen in out-
patient clinics in Indonesia. By 2006, it had risen
to the second position (4.67 percent). According to
risk factor surveys for cardiovascular disease
(CVD), the prevalence of hypertension has in-
creased to 13.6 percent in men and 16 percent in
women in Indonesia [Sulistiawati S et al., 2020].
Hypertensive crisis consists of hypertensive
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emergency (HE) and hypertensive urgency (HU)
[Chakraborty S, 2017] are acute life-threatening
condition [Derhaschnig U et al., 2014]. Over the
last year, hypertensive patients have experienced a
decrease in production due to inability to work (4%)
and 28.2 percent sick leave [Sulistiawati S et al.,
2020]. HE and HU are a condition of severe hyper-
tension in the presence of target organ damage
[Lukito A et al., 2019]. The target organs include the
brain, retina, large arteries, and kidneys [Unger T et
al., 2020]. This condition can lead to hypertensive
encephalopathy, hemorrhagic and non-hemorrhagic
stroke, acute coronary syndromes, pulmonary
edema, aortic dissection, renal failure, sympathetic
crises, and eclampsia. HU is the isolated elevation
of BP without the involvement of target organs with
the evidence of clinical, laboratory, or instrumental
evidence [Paini A et al., 2018]. Systolic blood pres-
sure (SBP) >179 mmHg or diastolic blood pressure
(DBP) >109 mmHg is considered hypertensive cri-
sis [Varounis C et al., 2017].

The pathophysiology of hypertensive crises is
unknown. This event is thought to be initiated by
a sudden increase in vascular resistance caused
by humoral vasoconstrictors [Derhaschnig U et
al., 2014]. BP mechanism of self-regulation hy-
pertensive crisis occurs when the brain, heart, and
kidneys are unable to maintain stable blood flow.
Mechanical stress is caused by autoregulatory
dysfunction in the vascular bed and blood flow,
which results in an abrupt increase in blood pres-
sure and systemic vascular resistance [Varounis C
et al., 2017]. Ischemia and vasoactive mediators
release lead injury to endothelial. The renin-an-
giotensin system is activated, resulting in in-
creased vasoconstriction and the generation of
proinflammatory cytokines, such as IL-6 [Haas
A, Marik P, 2006].

Kidneys are one of organs affected by hyper-
tension, and malignant hypertension can cause de-
crease in renal function [Derhaschnig U et al.,
2014]. On the other hand, hypertension places a
mechanical strain on the glomerulus, which is
closely correlated with chronic kidney disease
(CKD) progression. Therefore, CKD and high
blood pressure often occur simultaneously, charac-
terized by increased blood pressure with decreased
kidney function resulting in poor clinical outcomes
[Thaha M et al., 2019]. Globally, the prevalence of

CKD is growing. The prevalence of CKD is esti-
mated to be between 40-60 cases per million peo-
ple in poor nations. In Indonesia, nephrology cen-
ters estimated a prevalence of CKD of between
200 and 250 cases per million population [Supra-
pti B etal., 2019].

Renal function can be evaluated by the labora-
tory testing of creatinine and estimated glomerular
filtration (eGFR) ratio [Derhaschnig U et al.,
2014]. An increase will follow the decrease in
eGFR in CKD in inflammation characterized by
increased cytokines, such as IFN, TNFa, IL-1,
IL-6, and IL-10. Surge in cytokines is caused by a
disruption of the elimination of these cytokines in
the kidneys, repeated infections, increased oxida-
tive stress, uremic conditions, metabolic acidosis
also affects the increase in inflammatory condi-
tions [Hertanto D et al., 2019]. Additionally, hy-
pertensive patients, particularly those with pre-ex-
isting severe renal disease, may see an increase in
creatinine [Derhaschnig U et al., 2014].

Microinflammation is a significant component
of CKD and has a significant role in the patho-
physiology of CVD complications, as well as pro-
tein-energy deficiency (PED) and mortality [Thaha
M, Widiana I, 2019]. The inflammatory process
can be assessed from increased leukocytes and
their subtypes. One of the hallmarks investigated
regarding cardiovascular risk is the neutrophil-to-
lymphocyte ratio (NLR) [Sevencan N, Ozkan A,
2018]. The neutrophil is a polymorphonuclear ma-
ture granular leukocyte that has an affinity to the
immune complex and phagocytosis. The lympho-
cyte is one specific immune system and has spe-
cific antigens, which are its ligands [A4zikin A et
al., 2018]. NLR is a marker of car-
diac or non-cardiac disorders and a %
predictor of mortality in patients '
with CVD. NLR has been linked to
inflammatory indicators such as
IL-6 or high sensitivity-CRP (hs-
CRP), as well as endothelial dys-
function and cardiovascular risk in
individuals with CKD [Yoshitomi R
et al., 2019]. Other studies also
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state that hs-CRP and NLR have correlated with
kidney functions such as eGFR, cystatin ¢, and
blood urea nitrogen (BUN) [Rochmanti M et al.,
2020]. IL-6 is also one of the most prominent pro-
inflammatory cytokines that can be found in CKD
patients. Various studies have shown that IL-6 lev-
els increased in CKD, especially in later stage and
in a dialysis patient [Bramantya R et al., 2020].

Only a few research have examined the link be-
tween NLR and renal function in patients with hy-
pertensive crises. The purpose of this study was to
determine whether NLR corresponds with renal
function in individuals experiencing an acute hy-
pertensive crisis.

METHODS

Patients and Study Design

The study took place at Citra Husada Hospital
in Jember, East Java, Indonesia. The data for this
cross-sectional study were gathered from medical
records between January and February 2020. We
included 167 consecutive patients who were ad-
mitted to the hospital between January and Decem-
ber 2019 with the diagnosis of hypertensive crisis.
Incomplete information from medical records was
a criterion for exclusion. The study was approved
by the Ethics Committee of Citra Husada Hospital,
Jember, Indonesia(approvalno.158/RSCH/1/2020).

Clinical and Laboratory Assessment

Demographic information (age and sex) and
history of hypertension were recorded for each pa-
tient on admission. The BP of patients was mea-
sured on the presentation at the emergency room
with an automated device (Omron) or a manual
device (Riester). HE was defined as a severe eleva-
tion of SBP >179 mmHg or DBP >109 mmHg with
target organ damage. HU was defined as a marked
rise in blood pressure in the absence of evidence of
target organ damage.

Blood samples were obtained from each patient
at admission in the emergency room for complete
blood count and serum creatinine (SCrz). The NLR
was counted as neutrophil count (/«L) divided by
lymphocyte count (/uL). The eGFR rate (eGFR,
ml/minl/1.73 m?) was calculated with the Modifica-
tion of Diet in Renal Disease equation [Levey A et
al., 1999] eGFR =186 x [SCr x 0.0011312] -+1%x
[age (years)] ©02%x [0.742 if female] x [1.212 if
black] where GFR (m//min/1.73 m?), Scr (umol/L)

is serum creatinine, age (years).

Statistical Analysis

IBM SPSS, version 24.0, was used to analyze
the data. If the distribution was not normal, con-
tinuous data were presented as mean standard de-
viation (e.g., age) and median (min.-max). Cate-
gorical data are expressed as number (%). The in-
dependent t-test was used to compare two continu-
ous variables with a normal distribution and the
Mann-Whitney U test was used to compare two

TaBLE 1.
Baseline Characteristics

Variable n=167

Age (year), mean = SD 58.34 + 11.56
Sex, n (%)

Male 68 (40.7)
Female 99 (59.3)
History of Hypertension, n (%) 85 (50.9)

Systolic blood pressure (mmHg),
median (Min.-Max.)

Diastolic blood pressure (mmHg),
median (Min.-Max.)

Hypertensive Crisis, n (%)

190 (132-260)

110 (80-190)

Hypertensive urgencie 13 (7.8)
Hypertensive emergencies 154 (92.2)
Target Organ Damage, n (%)

Cardiac 38 (22.8)
Pulmonary Edema 6 (3.6)
Myocardial Infarction 7(4.2)
Congestive Heart Failure 25 (15.0)
Cerebral Event 107 (64.1)
Stroke Hemorrhagic 22 (13.2)
Stroke Non-Hemorrhagic 84 (50.3)
Transient Ischemic Attack 1 (0.6)
Renal Failure 11 (6.6)
22352?1"&'4' i(n/l.lfﬁ/l)éx.) 74 (47-94)
Lymphocyte (/ul), 18 (3-40)

median (Min.-Max.)
neutrophil-to-lymphocyte ratio,
median (Min.-Max.)

serum creatininer (mg/dL),
median (Min.-Max.)

estimated glomerular function rate
(ml/min/1.73m?), median (Min.-Max.)

4.33 (1.18-31.33)
1.30 (1.00-21.00)

51.70 (2.5-112.9)
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continuous variables with an abnormal distribu-
tion. When comparing more than two continuous
variables with normal distribution, one-way analy-
sis of variance (ANOVA) was used; when the data
were not normally distributed, the Kruskal-Wallis
test was used. Chi-square test was applied for the
comparison of the categorical variable. Spear-
man’s rho test was performed to analyze the asso-
ciations between NLR and eGFR. A p-value below
0.05 indicated a significant difference.

REsuLTs

Atotal of 167 patients were analyzed, 3 patients
were excluded due to incomplete data in medical
records. Baseline characteristics are shown in
Table 1. Hypertensive crisis proportion was lower
in male (40.7%, 68 patients) than females (59.3%,
99 patients). The HE incidence was higher (92.2%,
154 patients) with cerebral events as the most fre-
guent target organ damage (64.1%, 107 patients).

Clinical characteristics of hypertensive emer-
gencies and hypertensive urgencies of patients are
shown in Table 2. Lymphocyte count and NLR
were significantly lower in HE patients (p=0.029

and p=0.033, respectively), while eGFR was sig-
nificantly higher in HE patients (p=0.046). There
were no significant differences in age, sex, history
of hypertension, BP, neutrophil count, and SCr be-
tween HU and HE patients.

Table 3 shows clinical characteristics of target
organ damage in HE. SBP was significantly differ-
ent in cerebral event, cardiac, and renal groups
(p=0.023), with the highest median of SBP in the
cerebral event 193 (154-260), followed by cardiac
190 (132-230) and renal 190 (150-213). In contrast,
DBP was not significantly different. SCr and eGFR
were also significantly different (p=0.000 and
p=0.000, respectively). The highest median of SCr
was 6.90 (1.00-21.00) followed by the lowest me-
dian of eGFR 7.40 (2.50-53.70) in the renal group.

Correlations were calculated between NLR and
eGFR in HU and HE patients with analysis in each
group of target organ damage (Table 4). Signifi-
cance correlation was found in the HE and cardiac
event groups (p=0.028 and p=0.030, respectively).
The correlation between NLR and eGFR in HE pa-
tients was negative, with a very weak score (r=-

TABLE 2.
Clinical Characteristics of Hypertensive Emergencies and Hypertensive Urgencies
Variable Hypertensive Hypertensive p
urgencies emergencies
Age (year), mean £ SD 55.54 £ 12.91 58.57 £ 11.45 0.4882
Sex
Male 3 (23.1%) 65 (42.2%) 0.244b
Female 10 (76.9%) 89 (57.8%) '
History of Hypertension
Yes 4 (30.8%) 81 (52.6%) 0.156b
No 9 (69.2%) 73 (47.4%) '
Systolic blood pressure (mmHg), i i .
median (min.-max.) 190 (156-215) 191 (132-260) 0.577
diastolic blood pressure (mmHg), i ) .
median (min.-max.) 114 (90-180) 110 (80-190) 0.511
Neutrophil (/uL), median (min.-max.) 70 (49-84) 75 (47-94) 0.072¢
Lymphocyte (/uL), median (min.-max.) 24 (11-40) 17 (3-40) 0.029¢*
Neutrophil-to-lymphocyte ratio, ox
median (min.-max.) 2.92 (1.23-7.64) 4.40 (1.18-31.33) 0.033
Serum creatinin (mg/dL), median (min.-max.) 1.60 (1-3) 1.20 (1.00-21.00) 0.083¢
Estimated glomerular function rate (m//min/1.73 43.00 (20.90-78.00)  53.55 (2.50-112.90) 0.046°*

m?), median (min.-max.)

Nortes: *-Independent-t-test: p<0.05, significant, *-Chi-square test: p<0.05, significant. --Mann-Whitney U test:

p<0.05; significant
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TABLE 3.

Clinical Characteristics of Target Organ Damage in hypertensive emergencies

Variable Cerebral Event Cardiac Renal p
n=107 n=38 n=11

Age (year), mean £ SD 59.35 + 10.93 58.21 + 12.22 55.09 + 14.36  0.499°
Sex
Male 49 (45.8%) 13 (34.2%) 3 (27.3%) 0978
Female 58 (54.2%) 25 (65.8%) 8 (72.7%)
History of Hypertension
Yes 60 (56.1%) 19 (50.0%) 4 (36.4%) 0.4145
No 47 (43.9%) 19 (50.0%) 7 (63.6%)
%ﬁ:’;;}‘:(mf’ﬁdrﬁgis)sure (mmHag), 103 (154-260) 190 (132-230) 190 (150-213) 0.023°*
2L?I§A'§£I'§O%2;efsure (mmHg), 111 (80-190) 110 (90-144) 110 (87-126)  0.161°
Neutrophil (/uL), median (min.-max.) 75 (53-94) 73 (47-90) 82 (60-93) 0.065¢
Lymphocyte (/uL), median (min.-max.) 17 (3-39) 19 (3-40) 14 (4-31) 0.076¢

Neutrophil-to-lymphocyte ratio, median (min.-max.) 4.56 (1.36-31.33) 3.84 (1.18-27.00) 5.86 (1.94-23.25) 0.080¢

Serum creatinine (mg/dL), median (min.-max.)

Estimated glomerular function rate
(ml/min/1.73 m?), median (min.-max.)

1.20 (1.00-17.00) 1.30 (1.00-5.00) 6.90 (1.00-21.00) 0.000*
54.1 (3.0-107.1) 54.0 (14.2-112.9) 7.40 (2.50-53.70) 0.000°*

NorEs: *-One-Way ANOVA: p<0.05; significant; °-Chi-square test: p<0.05; significant,; °-Kruskal-Wallis test:

p<0.05; significant

TABLE 4.

Correlation between NLR and eGFR in HU and HE patients
Neutrophil-to-

Estimated glomerular

Variable lymphocyte ratio Med function rate p r r2
(min.-max.) Med (min.-max.)
Hypertensive urgencies 2.92 (1.23-7.64) 43.00 (20.90-78.00) 0.109 -0.465 0.216
Hypertensive emergencies 4.40 (1.18-31.33) 53.55 (2.50-112.90) 0.028* -0.177 0.208
Cerebral Event 4.56 (1.36-31.33) 54.10 (3.00-107.10) 0.422 -0.078 0.006
Cardiac 3.84 (1.18-27.00) 54.00 (14.2-112.9) 0.030* -0.357 0.127
Renal 5.86 (1.94-23.25) 7.40 (2.50-53.70) 0.629 0.164 0.190

NoOTE: "Spearman’s rho test: p<0.05; significant

0.177). The coefficient of determination 0.208
means that each increase in NLR will be followed
by a decrease of eGFR 20.8% in HE patients. The
correlation between NLR and eGFR in HE patients
with cardiac as the target organ damage was also
negative with a weak score (r=-0.357). The coef-
ficient of determination 0.127 means that each in-
crease in NLR will be followed by a decrease of
eGFR 12.7% in HE patients with cardiac as target
organ damage.

We also performed NLR and eGFR correlation

analysis in all patients. The result was significant
(p=0.036), with a very weak score (r=-0.163) and
coefficient of determination 0.266. Each increase
in NLR was followed by a decrease of eGFR 26.6%
(Figure).

Discussion

This study demonstrated that increased NLR
had a significant risk of decreased renal function,
which was evaluated by eGFR. The result of the
analysis was significant, with a very weak score.
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In this study, each increase in NLR will be fol-
lowed by a decrease in eGFR. SCr and eGFR were
also significantly different. This study also shows
a significant correlation between the HE groups
and the cardiac event group. The correlation be-
tween NLR and eGFR in HE patients was nega-
tive, with a very weak score. These results are also
similar in HE patients with cardiac as the target
organ damage.

This study shows that increasing in NLR will
be followed by a decrease of eGFR in HE patients
with cardiac as target organ damage. Increased
NLR levels were found to be a significant predic-
tor of adverse renal outcomes in one investigation.
It was caused by increasing oxidative stress or in-
flammatory markers [Yoshitomi R et al., 2019].
NLR could be a valuable marker to predict renal
dysfunction, cardiovascular complication, and
stress response of the patients. This ratio is com-
posed of two different pathways of immunity. The
neutrophil count shows the inflammation process
[Yuan Q et al., 2019]. Lymphocyte count shows

general health and physiological stress [Sevencan
N, Ozkan A, 2018]. In a four-year follow-up re-
search, NLR was identified as an independent pre-
dictor of the development of significant adverse
cardiac events in the diabetic group [Azab B et al.,
2012]. This parameter is inexpensive to collect,
generally available, and somewhat stable when
compared to other parameters (ex: leukocyte, neu-
trophil, lymphocyte, monocyte, and platelet
counts) [dkase T et al., 2020].

In this study, hypertensive crisis proportion is
lower in males than females. The HE incidence is
higher in patients with cerebral events as the most
frequent target organ damage. SBP is significantly
different in the cerebral event, cardiac, and renal
groups, with the highest median of SBP in the ce-
rebral event 193 (154-260), followed by cardiac
190 (132-230) and renal 190 (150-213). In con-
trast, DBP was not significantly different. In HE
patients, lymphocyte count and NLR were much
lower, although eGFR was significantly greater.
Between HU and HE patients, there were no sig-
nificant differences in age, sex, history of hyper-
tension, blood pressure, neutrophil count, or SCr.

This study had some limitations. The selection of
subjects was limited only to one hospital. The data
were collected from medical records, so the infor-
mation was based on the previous examiners, and
the baseline NLR and eGFR were not known due to
the cross-sectional study design. Cohort studies
need to be done to decrease the bias of information
and standardize data collection procedures.

COoNCLUSION

This study suggested a relationship between the
increasing NLR with decreasing eGFR in hyper-
tensive crisis patients. Further studies are needed
to evaluate whether the increase in NLR was an
acute or chronic disease process.
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