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ABSTRACT

Background: Peripheral arterial disease (PAD) is common in patients with end-stage renal disease on
regular hemodialysis. Neutrophil to lymphocyte ratio (NLR) is considered an indicator of the severity and
extent of systemic inflammation and atherosclerosis in patients with renal and cardiovascular disorders.

Objective: To assess neutrophil to lymphocyte ratio as a predictor of peripheral arterial diseases in regular
hemodialysis patients.

Patients and Methods: This cross-sectional study was carried out at Hemodialysis Unit of Al-Hussein
University Hospital over a period of six months from January to July 2020, and conducted on 40
hemodialysis patients. Demographic data and clinical information were recorded. Laboratory data including
CBC, calcium, phosphate, albumin, cholesterol, triglyceride, high-density lipoprotein, low-density
lipoprotein, iron profile were evaluated. The ankle-brachial index was measured in all patients. PAD was
diagnosed if ankle-brachial index (ABI) < 0.9. Duplex ultrasound for arterial system of both lower limbs was
done for patient with ankle-brachial index< 0.9.

Results: There were 29 males (72.5%) and 11 females (27.5%). The mean age of all patients was 43.2 + 10.3
years. There were 7 diabetic (17.5%) patients, and 27 hypertensive (67.5%) patients. Regarding CBC, the
mean of white blood cells (WBCs), neutrophils, lymphocytes, NLR, hemoglobin (Hb) and platelets (PLT)
were 6.5 + 1.7 (x103/ul), 4.3 £ 1.5 (x10%/ul), 1.74 + 0.53 (x103/ul), 2.73 + 1.3, 10.8 £ 2.3 (g/dI), and 234.7 +
95.9 (x10%/ul) respectively. Regarding lipid profile, the mean of total cholesterol, high density lipoprotein
(HDL) and triglycerides were 214.7 mg/dL, 41.9 mg/dL, 172.2 mg/dL, respectively. Regarding serum
albumin, corrected serum calcium (Ca), serum phosphorus (PO4), serum Ca X PO4 product, and parathyroid
hormone (PTH), the means were 3.99 + 0.5 (g/dl), 8.3 + 0.6 (mg/dl), 5.22 + 1.1 mg/dl, 43.7 + 11.2 and 722.1
+ 477.7 (ug/ml) respectively. Regarding to ABI, there were 13 patients (32.5%) < 0.9, while there were 27
patients (67.5%) > 0.9.

Conclusion: Neutrophil-lymphocyte ratio (NLR) could be considered as a predictor of peripheral arterial
diseases (PADs) among regular haemodialysis patients.

Key words: Peripheral Arterial Disease among Hemodialysis Patients, Ankle Brachial Index, The
Neutrophil-Lymphocyte Ratio.
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INTRODUCTION

The NLR has been widely studied as
marker of inflammation (Kim et al.,
2019). Peripheral blood NLR is widely
reported to be associated  with
inflammatory response and reflect the
inflammatory status of many diseases (Liu
et al., 2019). Patients with chronic kidney
disease (CKD) are closely associated with
all-cause mortality and poor prognoses of
cardiovascular disorders (Valga et al.,
2019). Ouellet et al. (2016) found that
NLR was associated with all-cause
mortality in hemodialysis (HD) patients.
NLR measurements were shown to
correlate well with vascular calcification
in end stage renal disease (ESRD)
population (Turkmen et al., 2014). PADs
include all arterial diseases including
carotid artery disease, mesenteric artery
disease, renal artery disease and lower
extremity artery disease (LEAD), and
other than coronary arteries and the aorta
(Aboyans et al., 2018). CKD itself is
strongly and independently associated
with PAD. In both the general population
and patients with CKD, the risk of PAD
increases as GFR values decrease (Chen et
al., 2012).

The present work aimed to study the
neutrophil to lymphocyte ratio (NLR) as a
predictor of peripheral arterial disease in
patients maintained on regular
hemodialysis.

PATIENTS AND METHODS

This cross sectional study included 40
hemodialysis  patients  which  were
conducted at the Nephrology Unit, at Al
Hussein University Hospital from January
to July 2020. Written informed consent
obtained from every patient for all

procedures that performed. All procedures
followed Al-Azhar University Ethical
Committee Regulation. All patients were
receiving 3 hemodialysis sessions weekly.

Inclusion Criteria:

1. Patient’s age between 18 and 60 years
and then Sub grouped into two groups
above and below 40 years.

2. Duration of hemodialysis more than 6
months.

3. Uses of native arteriovenous fistula in
all patients.

Exclusion Criteria:

1. Patients less than 18 years or more 60
years

2. Duration of hemodialysis less than 6
months

3. Uncontrolled hypertension or diabetes
mellitus.

4. Recent inflammation.
5. Known to be collagen disease.

Diagnosis of PAD based on ankle/
brachial index.

All Patients in this study had been
subjected to the following:

1. History and clinical examination
stressing on ischemic symptoms.

2. Laboratory Investigations (Serum
Creatinine — Calcium — phosphorus —
intact parathyroid hormone — serum
iron — serum ferritin — transferrin
saturation - lipid profile(cholesterol-
triglycerides-LDL-HDL).

3. Ankle/ brachial index were measured
by Doppler ultrasound.
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4. Duplex ultrasound for arterial system
of both lower limb for patient with
ankle-brachial index>0.9.

Statistical analysis of data was done by
using Statistical Package for the Social
Sciences (SPSS) version 24. Quantitative
data were expressed as meant standard
deviation (SD). Qualitative data were

expressed as frequency and percentage.
Independent-samples t-test of significance
or Mann Whitney U test was used when
comparing between two means. Chi-
square test was used when comparing
between non-parametric data. Probability
(P-value): P-value < 0.05 was considered
significant.

RESULTS

The mean age of all studied patients
was 45.3 £ 8.8 years with a minimum age
of 24 years and a maximum age of 62
years. There were 43 males (53.8%) and

37 females (46.3%), 35 patients (43.7%)
were diabetic and 48 patients (60%) were
hypertensive (Table 1).

Table (1): Demographic data of studied patients
. Age criteria of the studied patients
Variables (N = 40)
Age (years) Mean £SD 43.2 +10.3

ge Min — Max 2459
Sex Male 29 72.5%
Female 11 27.5%
No 33 82.5%
DM Yes 7 17.5%
No 13 32.5%
HTN Yes 27 67.5%

According to laboratory profile, the
mean of WBCs, neutrophils, lymphocytes,
NLR, Hb and platelets were 6.5 + 1.7
(x103/ul), 4.3 £ 1.5 (x10%/ul), 1.74 + 0.53
(x103/ul), 2.73 £ 1.3, 10.8 + 2.3 (g/dl) and
2347 + 959 (x103/ul) respectively.
Regarding lipid profile, the mean of total
cholesterol, HDL and triglycerides were

214.7 mg/dL, 41.9 mg/dL, 172.2 mg/dL,
respectively. Regarding corrected serum
Ca, serum PO4, serum Ca X PO4 product,
and PTH the mean were 3.99 + 0.5 (g/dl),
8.3+ 0.6 (mg/dl), 5.22 + 1.1 mg/dl, 43.7 +
11.2 and 7221 =+ 477.7 (ug/ml)
respectively (Table 2).
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Table (2): laboratory profiles in studied patients
Variables Stu%ilgd:pfg)ients Normal level
white blood cells (x10%/ul) I'\\/I"ienaf ’—I:/Isg( ;5:—“11()'; —
Neutrophil (x10%ul) I'\\/I"ienaf ;\;/Isg( i:g & ég —
Lymphocytes (x10%/ul) II\\/I/I fnaﬂ i/lsag( 1'3‘7{0553 1535
+ +
NLR II\\/I/IienaT K/Isal?( 2(.)7.32_—17.3 .78—'3.53
hemoglobin (g/dl) II\\/I/Iienaﬂ 'w\:/lsa[))( 1((3)? fs?és Target is 11-12
Platelets (x10%/ul) Moan 25D | 23472989 150-400
T. cholesterol (mg/dl) I\I\: fnaﬁ ;\L/Isat))( 1%':—1226%7 <200
Triglycerides (mg/dl) N T <150
Low density lipoprotein Mean +SD 1444 +17.2 <100
(mg/dl) Min — Max 119188
High density lipoprotein Mean +SD 41.8+£6.3 >40
(mg/dl) Min — Max 30-56
Corrected calcium (mg/dl) II\\/I/IienaE ;\‘L/IS;))( gi f 82 85105
Phosphorus (mg/ml) I\I\//Ilienag i|\-/|S£( 53252_1-7121 2:45.1
Ca x PO4 Vin Mo | 266 646 =
Parathyroid hormone (ugimi) (—tycar o0 T22- 2 1T 14-72

Regarding to ABI, there were 13 patients (32.5%) < 0.9, while there were 27 patients

(67.5%) > 0.9 (Table 3).

Table (3): Ankle brachial index in all studied patients.
Ankle brachial index
Studied Patients (N=80) Index <0.9 Index>0.9
Number of Positive and Negative patients (%) 13 (32.5%) 27 (67.5%)
Mean £SD 0.85 = 0.06 1.13+£0.09
Min — Max 0.7-0.9 1-13

There were statistically significant (p-
value < 0.05) relationships between ankle
brachial index < 0.9 and (age, diabetes),

and no statistically significant relation (p-
value > 0.05) between ankle brachial
index and sex & HTN (Table 4).
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Table (4): Relationship between results of Ankle brachial index and demographic
data
; Ankle brachial index | g9 m=13) | >09(n=27) | P-value
arameters
Mean 48.5 40.7
Age (years) +3D 74 10.6 0.023
Male 12 92.3% 17 63%
Sex Female 1 | 77% | 10 | 3% 0.052
No 8 61.5% 25 92.6%
DM Yes 5 38.5% 2 7.4% 0.015
No 2 15.4% 11 40.7%
HTN Yes 11 84.6% 16 59.3% 0.109
+SD 4.1 2.9

There were high statistically significant
(p-value < 0.001) relationships between
ankle brachial index < 0.9 and NLR, total
cholesterol, LDL, PO4 and Ca X PO4
product, and statistically significant (p-
value < 0.05) relationships between ankle

brachial index < 0.9 and Hb, TG, lower
HDL and corrected Ca. No statistically
significant (p-value > 0.05) relationships
between ankle brachial index and WBCs&
PLTs (Table 5).

Table (5): Relationship between Ankle brachial index and laboratory results
o Ankle brachialindex | _ 49 (n=13) | >0.9(n=27) | P-value
arameters
. Mean 7.3 6.2
3
White blood cells (x103/ul) +SD 17 16 0.056
Mean 4.0 2.1
NLR +SD 14 0.7 <0.001
. Mean 11.8 10.3
Hemoglobin (g/dl) +SD 53 51 0.044
Mean 252.8 225.9
3
Platelets (x103/ul) ) 128.6 76.9 0.413
Mean 226.8 183.3
T. Cholesterol (mg/dl) +SD 211 149 <0.001
. . Mean 169.2 145.3
Triglycerides (mg/dl) +SD 318 144 0.002
Low density lipoprotein Mean 160.2 136.8 <0001
(mg/dl) +SD 15.2 12.5 '
High density lipoprotein Mean 38.1 43.5 0.009
(mg/dl) +SD 6.2 5.6 '
. Mean 8.7 8.1
Corrected calcium (mg/dl) +3D 05 05 0.001
Mean 6.5 4.6
Phosphorus (mg/ml) +SD 0.6 0.7 <0.001
Mean 56.2 37.7
Ca X PO4 +SD 6.8 75 <0.001
Parathyroid hormone Mean 1050.8 563.9 0.002
(ug/ml) +SD 541.5 356.2 '
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DISCUSSION

This study was carried out at Al-
Hussein University Hospital, hemodialysis
unit over a period of six months from
January 2020 to July 2020, and conducted
on 40 hemodialysis patients. There were
72.5% males and 27.5% females. Other
comorbidities were in some patients,
17.5% were diabetic and 67.5% were
hypertensive.  Regarding  pretreatment
laboratory profile, results showed that the
mean WBCs, and NLR was (6.5 £ 1.7
(x103/ul)), (4.3 £ 1.5 (x10%/ul)), (1.74 +
0.53 (x10%ul)), and (2.73 *= 1.3)
respectively. Regarding lipid profile, the
mean cholesterol, TG, LDL, and HDL
was (1974 + 26.7 (mg/dl)), (153.1 =
24.01 mg/dl), (144.4 £ 17.2 (mg/dl)), and
(418 £ 6.3 (mg/dl)) respectively.
Regarding results of serum Ca, PO4, Ca X
PO4 product and PTH the mean was (8.3
+ 0.6 (mg/dl)), (5.22 + 1.1 mg/dl), (43.7 +
11.2) and (722.1 = 477.7 (ug/ml)). The
results of current study showed a high
statistically significant (p-value < 0.001)
correlation between ankle brachial index <
0.9 and NLR, total cholesterol, LDL, Ca
X PO4 product, and PO4. Furthermore,
statistically significant (p-value < 0.05)
correlation between ankle brachial index <
0.9 and TG, corrected Ca, and PTH. There
was inversely significant (p-value < 0.05)
correlation between ankle brachial index <
0.9 and HDL. Arroyo et al. (2017)
observed in his large multicenter cohort
study that the mean age of the CKD
population was 57.9 6 12.8 years, and
61.7% were male patients. Prevalence of
hypertension, dyslipidemia and diabetes
were 89.3, 64.9 and 25.7%, respectively.
CKD patients had a higher prevalence of
subclinical PAD than non-CKD controls
(28.0% versus 12.3%). In support to these

results, Shah et al. (2017) found that there
is a significant relationship between NLR
and PAD. Also, these results came in
agreement with Kuo et al. (2017) who
found that increased neutrophil counts
reflected oxidative stress, and that lower
lymphocyte counts reflected a
deterioration of nutritional status. In
support to current study, Criqui and
Aboynas (2015) observed that the high
cholesterol is a significant contributor to
PADs. In most studies, total cholesterol is
associated with prevalent PADs in
multivariable analyses. Also, in support to
current study Criqui and Aboynas (2015)
observed that triglycerides seem to be
associated with PADs. In agreement
results of current study Garimella et al.
(2014) observed that hyperphosphatemia
is associated with PAD in patients with
end-stage renal disease.

CONCLUSION

The  neutrophil-lymphocyte  ratio
(NLR) was a highly sensitive predictor of
peripheral arterial diseases (PADs) among
regular hemodialysis patients.

REFERENCES

1. Aboyans V, Ricco JB, Marie EL, Bjorck M,
Brodmann M, Cohnert T, Collet JP,
Czerny M, Carlo MD, Debus S, Klein CE,
Kahan T, Kownator S, Mazzolai L, Naylor
AR, Roffi M, Vlachopoulos C and
Desormais I, (2018): 2017 ESCGuidelines on
the diagnosis and treatment of peripheral
arterial diseases. Eur Heart J., 39:763-821.

2. Arroyo D, Betriu A, Valls J, Jose L, Gorriz,
Pallares V, Abajo M, Gracia M, Valdivielso
JM and Fernandez E, (2017): Factors
influencing pathological ABI values along the
chronic  kidney disease spectrum: The
NEFRONA study. Nephrol Dial Transplant.
32:513-520.

3. Chen J, Mohler ER, Xie D, Michael G,
Raymond S, Townsend R, Lawrence J,



NEUTROPHIL TO LYMPHOCYTE RATIO AS A PREDICTOR OF...

Appel,  Dominic,  Akinlolu,  Martin
Schreiber J, Louise F, Strauss, Zhang
X,Wang MS and Hamm L, (2012): Risk
factors for peripheral arterial disease among
patients with chronic kidney disease. Am J
Cardiol., 110: 136-141

Criqui MH and Aboyans V (2015):
Epidemiology of peripheral artery disease
Circ. Res., 116: 1509-1526,

Garimella PS and Hirsch AT (2014):
Peripheral artery disease and chronic kidney
disease: clinical synergy to improve outcomes.
Adv Chronic Kidney Dis., 21(6):460-471.

Kim NY, Chun DH, Kim SY, Kim NK,
Baik SH, Hong JH, Kim KS and Shin C

(2019): Prognostic value of NLR for
predicting 1-year survival of patients
undergoing  cytoreductive  surgery  with

HIPEC. J Clin Med., 8(5): 589.

Kuo IC, Huang JC, Wu PY, Chen SC, Orc
ID, Chang JM and Chen HC (2017): A low
geriatric nutrition risk index is associated with
progression to dialysis in patients with chronic
kidney disease. Nutrients., 9(11):1228.

Liu CC, Ko HJ, Liu WS, Hung CL, Hu KC,
Yu LY and Shih SC (2019): Neutrophil-to-
lymphocyte ratio as a predictive marker of

10.

11.

12.

1189

metabolic syndrome. Medicine (Baltimore),
98(43):e17537.

Ouellet, Malhotra R, Penne EL, Usvya L,
Levin NW and Kotanko P (2016): NLR as a
predictor of survival in chronic hemodialysis
patients,” Clinical Nephrology., 85(4):191-
198.

Shah B, Attubato M and Babaev A (2017):
Relationship between neutrophil-lymphocyte
ratio and severity of lower extremity
peripheral artery disease Int. J., Cardiol. 228
201-4

Turkmen K, Ozcicek F, Ozcicek A, Erdur
FM and Tonbul HZ (2014): The relationship
between NLR and vascular calcification in
end-stage renal disease patients. Hemodial
Int., 18:47-53.

Valga F, Monzon T, Henriquez F, Pérez
GA, Diélisis C, Avericum SL, Palmas L,
Canaria G, Canarias | and Spain T (2019):
Prognostic role of neutrophil-to-lymphocyte
ratio for mortality in incident hemodialysis
patients. Nephrol Dial Transplant., 39(3):223-
338.



1190 AMR A. EL-HASHASH et al.,

LAY ) oLl labaiall LAY oy dl) 283
e & Akl Gl Al Gl jeY S 4y gliaglll

AN daala clal) A8 el and i) Aady) g * Al (2l jaY) pand
E-mail: aaelhashash@gmail.com
Ol IS e b @ (e 4l ) iy sl A A
) elanll A Talaiall LAY cp s d il 4 83all - datg o g geadl lé i) e
2l 8 ol Al b iy il (saagBa b e 2 Gsed el LS
Ao gall Lo Y15 Qi) KU ) gl (g () gilay a2

Lol 1) ezl 3 dotaiall LoBA) (e Al 3800l oy séaand) (e Ciagl)
JER UL IS RO | INCNS VR B S N PSSV ISV ([P DA AN T WX I P
Sl

USRS [ NV RPN B PS5 S [ | P NP IS [y SU TP e N
e 2020 s—ds ) i e e ST A L e adl ol Gy sl & S
Al e gapall ol Ll Qo sia a8 e IS il o a e (e Ly 0 40
CE ML RV PR N (PR § IRONY-SPV:OA JCH B PV P RV JCT RO
UYPPEN| PRk PP | Py PRSIV PN | PRSTPE )\ PYGHE SEEVE* (PR ([
Ol o T a ) (o Log U HASH ikt ina ) ity 5 ) A HESH e ian )
Abeal Gl S PUe) pan &5 5 el s (el J A 5
s sall ol pa) a5 LaS 0.9 sl 5l e S8 2 mall N S AN 5 e QLS Y
IS 13 (o el il 0 Jall ST S i) Sl Ao g0 hall A sl (35

0.9 s 5l e il aumaall ) JalS) e

OS5 (127.5) " 11 5 (772.5) "1 55—S320 s ol S i adl i


mailto:aaelhashash@gmail.com

NEUTROPHIL TO LYMPHOCYTE RATIO AS A PREDICTOR OF... 1191

celandl an Nl Sda wgia LS Lol aa W65 a3 lay Lads (767.5)
L) A Tabeial) LAl e Al g iy sliadll LAl 5 i dolaiall L Uall
M8 310% (1.7 £ 6.5) d——msadll i all g s gangll g o slaaylll
/DA 310% (53 £1.75) ¢ ,—ly Saa /DA 310x (1 £4.3) ,—1y Saa
(95.9+234.7) 5 (S /a2) (2.3 +10.8 )¢ (1.3 +£2.73) « )15 Sue
Lowge S Nca Loy 3 lahy L _aidy (il ey uly Kaa /DA 310x
a—e 214,7 A5 a5 A USH e aa I oy o) 5 S g i KU
Lad el (Ml e eyl iy /o ne 1722 < Silid / o 2e 41.9 ¢ il i/
PNy W PP SV ) SNV PPN (N FPNRIGVPu?S SEIGIN s Sy S =,
0.5+3.99h wsdlglSa@d 8 Lallsa sl oy ap 5 il 8o WK
el /a2 11 2522 (A /o 24) 0.6 £ 8.3 (L / o 3)
el Ml e (d—a/al e 5 S0) 477.7+722.1 511.2+43.7
OS L 0.9> (732.5) Ly pe 13 @llia ol S a8 ca aall N JalN ;e

0.9< (7.67.5) Wy e 27 lia

Z_U\é..q:\m 1_))&\ H;\ ;\_@,&\J\ A 1alaidll \_)M\ 2 :\T.\..\_.uﬂ\ 48Nl :Guﬁ_m‘f\
S (5 el pliatul) ca ye o A phall Gl 3l (ol W6 e
sli i) e dleall i yall 848kl Gl Sl e sA Al clalsl)

Aol LAl s el B el 1) JalSH e Sl (g el
A giadll LAY L) el



