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and its association with neutrophil to lymphocyte ratio

RajPrabha g, Anshul Sharma ', Jitender Sorout ~, Sudhanshu Kacker ~, Naina Jangid

Rajasthan University of Health Science College of medical sciences, Jaipur, Rajasthan, India
D><] Rajprabhajp7 @gmail.com

Abstract. Relevance. Cognition is an important physiological and higher mental functions in human being. There are
various studies showing that inflammatory condition could negatively affect fronto temporal cognitive abilities such as memory,
attention and executive functions. A non-invasive test P300 a component of Auditory events related potentials and Mini mental
state examination (MMSE), a questionnaire based test reflect cognitive function, and haematological parameter neutrophil/
lymphocyte ratio (NLR) is a convenient parameter of systemic inflammation. Aim of present study was to assess the cognitive
function assessment by P-300, MMSE and academic performance and find an association with neutrophil to lymphocyte ratio in
first year medical students. Materials and Methods. This was an observational study conducted on 79 first year medical students
of age group 18-25 years in the department of physiology RUHS College of medical sciences Jaipur. For cognitive assessment
non-invasive test P300, MMSE and academic performance was recorded. A haematological parameter NLR was calculated by
dividing the absolute neutrophil count with the absolute lymphocyte count. To find an association statistical analysis was done
by MEDCALC 16.4 version software. Results and Discussion. The association between P-300 amplitude and latency and MMSE
with NLR was found non-significant. Marks have a significant positive correlation with NLR (0.015). Conclusion. In the present
study neurocognitive function test P-300 and MMSE found non-significant association with inflammatory marker NLR although
academic performance (marks) have a significant positive correlation with NLR.

Key words: cognition, event related potential, neurocognitive function, neutrophil / lymphocyte ratio, mini mental state
examination
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Introduction

Cognition is a broad concept which includes: per-
ception, attention, working memory, reasoning, problem
solving, language skills and decision making [1]. It
represents important physiological and higher mental
functions in human being. There are various evidence
has linked inflammation (an immune response to injury,
pathogens, irritants, oxidative stress) to cognitive decline
and risk of dementia [2]. Normally, inflammation is
a protective response that facilitates the healing process;
however, prolonged inflammation can cause tissue
damage.

Cognition test can be assessed by a non-invasive
test P300 a component of Auditory events related po-
tentials (AERP) which reflects attention and memory
process and give characteristic features of information
processing in terms of latency and amplitude in the
central nervous system. Recent neurophysiological
studies investigated individual variation in different
cognitive processes including information processing,
working memory, and intelligence by measuring event-
related potentials (ERPs) [3, 4].

The MMSE is a brief cognitive screening ques-
tionnaire based instrument frequently used to evaluate
cognitive function, has related brain structures that are
responsible for this function.
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It has been well documented that inflammatory pro-
cesses may cause mental illness by brain degeneration.
A haematological parameter neutrophil/lymphocyte ratio
(NLR) is a convenient parameter of systemic inflamma-
tion [5] that can be easily calculated from white blood
cell essay, the ratio of absolute neutrophil count to the
absolute lymphocyte count, very easy, inexpensive,
reliable, objective and convenient method. Regulation
of immuno-inflammatory control is one of the relevant
processes involved in the pathogenesis of neurodegen-
erative disorders. There are various studies showing that
inflammatory condition could negatively affect fronto-
temporal cognitive abilities such as memory, attention
and executive functions [6]. It was shown that NLR
have diagnostic and predictive value in diseases like
Alzheimer’s disease [7]. Dementia, Schizophrenia etc.
and may guide the treatment of cognitive dysfunction.
In our study we tried to find the association of cognitive
status with NLR. There are several studies that have
shown an association between the increase in NLR and
psychopathologies. This has been observed for patients
with schizoaffective disorder and schizophrenia [8],
attention deficit hyperactivity disorder [9], obsessive
compulsive disorder [10], hypomania in bipolar mood
disorder [11], and major depressive disorders [12,
13]. Aim of present study was to assess the cognitive
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function assessment by P-300, MMSE and academic
performance and find an association with neutrophil to
lymphocyte ratio in first year medical students.

Materials and methods

The study was an observational study conducted
on first year students of RUHS-CMS in Department of
Physiology, RUHS-CMS, JAIPUR after taking permis-
sion from the institutional ethics committee (letter no.
RUHS-CMS/ETHICS Comm./2019/09 dated 12—3-19,
No.EC/P-54.1/2018).The age group of students were
18-25 years. Written consent was taken before enrolling
the students and participants information sheet was
given to them. 100 students were enrolled but only 79
were continued in study. The duration of study was six
months from March 2019 to September 2019. Subjects
with hearing and visual defects, neurological, psychi-
atric, haematological disorders and genetic disorders
and with chronic diseases like diabetes, hypertension,
gastrointestinal diseases (GI ulcers, haemorrhoids) were
excluded during subject selection time. General physical
examination was done and histories were taken (per-
sonal, family history of HT, DM, neurological illness,
socioeconomic status, dietary history etc.).

Following parameters were taken for data collection:

Anthropometric parameters — height, weight, body
mass index (BMI) etc. were taken using the standard
protocol of Weiner and Lourie. Haematological inves-
tigations — blood sample was collected with the help
of technician using aseptic technique uniformly from
all the subjects and sent to the laboratory for estimation
of complete blood counts (CBC). The NLR ratio be
calculated by dividing the absolute neutrophil count
with the absolute lymphocyte count: [neutrophil count]/
[lymphocyte count].

Neurological investigation for measurement of
cognitive function:

A. Auditory cognitive evoked potential (P300)-by
using (NCV/EMG machine — make-clarity); the P300
was measured using auditory odd ball paradigm. The
stimulus that was being given in order to evoke an endog-
enous potential is auditory in nature. In a dimly lit room
the subject was asked to sit on a chair, comfortably with
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closed eyes and remain awake and alert. The subject was
instructed in prior to restrict the eyeball movement in
order to avoid any electro— ocular artefacts or contami-
nation. The subject was instructed to keep a mental count
of the numbers of target stimuli by raising the finger.

Electrodes were fixed on the scalp with the help of
a conductive paste. Electrodes were placed according to
10-20 international system of EEG electrode placement.
Active electrode was placed at Cz. Reference electrodes
were linked to right and left mastoid (A1 and A2). The
ground electrode was placed at Fpz. Two tones were
used as stimulus, a frequent low pitched tone and a rare
relatively high pitched tone. Subject was asked to at-
tentively count the number of rare stimuli and ignore
the frequent stimuli. As soon as a novelty stimulus i.e.
a rare stimulus was attended by the subject, it results in
recording of an evoked potential. Approximately two
traces were taken per recording. N1 and P1 waves were
recorded in response to the frequent stimulus, while P3
or P300 was a large positive deflection of wave captured
on attending the rare stimuli. Responses were averaged
until minimum 25 stimuli, 100 frequent are stimuli given
and amplitude and latency was recorded as data [14].

B. Mini mental state examination (MMSE): the
MMSE is a brief cognitive screening instrument
frequently used to evaluate cognitive disorders. This
comprises of 11 questions and assesses 6 cognitive
functional areas: awareness, focus, immediate memory,
short-term recall, vocabulary, and ability to follow
basic verbal and written commands. The assessment
is developed as a standardised instrument which of-
fers a total score that allows the patient to be put on
a cognitive functional scale. Each MMSE-evaluated
cognitive function has related brain structures that are
responsible for this function. The subject maximum
score is 30 and scores <24 are associated with cognitive
impairment [15].

C. Marks of 1ST M.B.B.S. university exam were
maintained as data to assess cognition.

Statistical analysis was performed using unpaired ‘t’
test; p<0.05 (significant). The study findings are re-
ported as mean + S.D. Statistical analysis was done by
MEDCALC 16.4 version software. In this p-value if
lower than conventional 5 % (p <0.05) the coefficient
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is called statistically significant and the 95 % confidence
interval for the correlation coefficient shows true cor-
relation coefficient.

Mean university marks in male and female was
(344.62 + 39.0) and (387.05 + 36.64) respectively and
found significant difference (p value <0.001).

Table 2
Results and discussion Comparison of variables between two groups (male and female)
There were 100 students enrolled. All the required | Variables | Sex | N |Mean| SD Median| Min. | Max. |'p’ value*
parameters were taken as per approval condition of the | . Male | 39 |19.39/109] 19 | 18 | 24 | o
ethical committee and research protocol. Only 79 out Female| 40 |18.88/079] 19 | 18 | 20
of 100 students had been continued in the study. There |gm Male | 39 |2315] 4.63 | 22.2 | 151 | 386 ]
Female| 40 |25.71(20.48| 21.9 | 17.1 | 150
were 39 male and 40 were females. o (30 1172 Tose 17 oo 134
ale . . . . .
Table 1 showed the Mean+ SD of age, BMI, NLR, |[NLR Formaid 20 1207 To76 T 19 Too7 5| 0%
P-300 latency & amplitude and MMSE, marks of 79 : : : '
N y p , Avg (amp) | Male [ 39 [ 298195 29 [01 [ 10 [
subjects. Table 1 () Female| 40 [ 3.00 [2.06 | 235 | 06 | 7.9
Baseline characteristics and laboratory data of the studied groups P3 avg (ms) Male | 39 [259.63/37.17) 264.4 | 184.4 333.15 0.649
Female| 40 [263.71/42.02 264.1 [186.25| 345
N [ Mean | SD |Median|Minimum|Maximum Male | 39 [26.08] 2.08| 26 21 30
Age 79[ 1913 | 0.98 | 19 18 24 MMSE - 0.137
BMI 79 | 2444 [ 1490 | 22 151 150 Female| 40 |26.73|1.74| 27 | 22 | 29
E;EOA oI ;g ;gg 238 12~771 gz 1% Mark Male | 39 [344.62|39.07| 345 | 275 | 427 0.001
- vg (@amp)(uv, . . . ) arks <0.
P300 Avg latency (ms)| 79 | 261.70 | 39.50 | 264.4 | 184.4 345 Female| 40 [387.0536.64| 393 | 263 | 443
MMSE 79 [ 2641 | 1.93 | 27 21 30 . _ - . _ -
Marks 5 T3ee 1013595 T 553 T yTE Note: BMI — body mass index; NLR — neutrophil/lymphocyte

Note: BMI — body mass index; NLR — neutrophil/lymphocyte ratio;
MMSE — mini mental state examination.

Table 2 showed that the male and female mean age
was (19.39 +1.09 years,18.88 +0.79years) respective-
ly and found a significant difference (p value 0.020).
The male and female having mean BMI (23.15+4.63,
25.71£20.48) respectively and found non-significant
differences (p value 0.449). The male and female mean
NLR value was (1.72 +0.58, 2.07+0.76) respectively
and found a significant difference (p value 0.023).

For cognitive assessment the P-300 amplitude and
latency were measured. The mean value of P-300 am-
plitude in male and female was found (2.98 + 1.95 pv)
and (3.00£2.06 pv) respectively with a non-significant
difference (p value 0.972). The mean value of P-300
latency in male was (259.63 + 37.17ms), and in female
(263.71 £ 42.02 ms) and found non-significant differ-
ence (p value 0.649).

Mean MMSE score in male and female was
(26.08 + 2.08) and (26.73 + 1.74) respectively and
non-significant difference was found (p value 0.137).
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ratio, MMSE — mini mental state examination; * — unpaired ‘t’
test; p < 0.05 (significant).

Table 3 showed that the correlation was done of
cognitive function assessment parameters with age, BMI
and NLR. The P-300 Amplitude and Latency have no
significant correlation with age, BMI and NLR. MMSE
and BMI found significant negative correlation (0.010).
Academic performance (marks) have significant neg-
ative correlation with age and BMI (0.0028, 0.0132)
respectively and significant positive correlation with
NLR (0.015).

In the present study we tried to find the association of
cognitive status with inflammatory marker neutrophil to
lymphocyte ratio. Cognitive assessment done by neuro-
physiological tests-event related potential -300, MMSE
questionnaire based test and on the basis of academic
performance in first MBBS university exam. There were
many studies showing that inflammatory condition could
negatively affect fronto temporal cognitive abilities such
as memory, attention and executive functions [16]. Neu-
trophil lymphocyte ratio (NLR) regarded as a marker of
the body’s immune response and considered as a rapid
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Table 3
Correlation of dependent variables with other studied variables
in studied subjects

Dependent Variables Age BMI NLR

Sample size 79 79 79
P-300 Amplitude Avg Correlation coefficient r -0.00573 -0.08116 -0.03868
(Hv) Significance level 0.960 0.4771 0.735

95 % Clforr -0.2266-0.2157 -0.2969-0.1425 -0.2576-0.1840

Sample size 79 79 79
P-300 Latency Correlation coefficient r 0.1816 -0.01048 0.03712
avg (ms) Significance level 0.1092 0.927 0.7453

95 % Cl forr -0.04114-0.3872 -0.2311-0.2111 -0.1855-0.2561

Sample size 79 79 79

Correlation coefficient r -0.1495 -0.2884 -0.1085

MMSE Significance level 0.1885 0.010 0.3413

95 % Cl forr 10.3588-0.07405 g -0.3219-0.1154

Sample size 79 79 79

Correlation coefficient r -0.3316 -0.2779 0.2729

Marks Significance level 0.0028 0.0132 0.015

95 % Cl forr '9'311‘1‘(‘;2_ 'f)bf‘ggg 4; 0.05511-0.4659

Note: BMI — body mass index; NLR — neutrophil/lymphocyte ratio, MMSE — mini mental state examination.

and simple parameter to indicate the systemic inflamma-
tion and stress, that causing increased permeability of the
blood-brain barrier, exposing the brain to toxins, reactive
oxygen species originating in the systemic circulation and
may leads to the process of oxidization and inflammation
and eventually results in causing neurodegeneration [17,
18]. NLR is the ratio of absolute neutrophil count to the
absolute lymphocyte count. In recent years, an increasing
number of studies have focused on NLR. Prognostic role
of NLR is continually being investigated and emerging
as a robust predictor of deleterious outcomes in many
diseases. The potential role of NLR in Alzheimer’s
disease (AD) was first investigated by Kuyumcu et al.
(2012) who found that NLR was significantly higher in
AD patients compared to controls [19]. The relationship
of NLR with cognitive impairment has been suggested
by liu et al (2020) and found higher NLR in patients with
cognitive decline [20]. Neutrophils are the first line of
immune defence: they exhibit phagocytic and apoptotic
action through the secretion of various inflammatory
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factors, in particular, cytokines [21]. Inflammation trig-
gered by cytokines can induce further inflammation due
to cell dysfunction and to oxidative stress. On the other
side lymphocytes are specific inflammatory mediators,
with a regulatory or protective function; low lympho-
cyte counts reflect poor general health and physiologic
stress [22], Mechanism of how systemic inflammation and
increased NLR result in cognitive impairment is unclear.
Inflammation characterized by increased neutrophils and
decreased lymphocytes can reduce plaque stability and
promote atherosclerosis, which may increase the risk of
delirium through micro infarcts.

The cognitive function tests we have done was
P300 and it may have multiple intracerebral generators,
with the hippocampus and various association areas
of the neocortex all contributing to the scalp-recorded
potential and represent the transfer of information to
consciousness, a process that involves many different
regions of the brain.
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Patrice Forget, Céline Khalifa et al (2017), found
in their study normal NLR value in adults is 0.78 to
3.53 [23]. In our study mean NLR Value in male and fe-
male is 1.72 and 2.07 respectively and found significant
difference was found between male and females (P value
0.023). In our study we tried to find the relationship of
neurophysiological test of cognition with NLR. The
subjects participated was healthy students and we found
no significant association between P-300 and MMSE
and marks with NLR.

Study done by Jaime ramos cejudo et al in 2021
found an association between NLR and risk of subse-
quent dementia in the Framingham heart study [24].

Hadi J. Halazun et al. studied the neutrophil-
lymphocyte ratio as a predictor of cognitive dysfunction
in carotid endarterectomise patients and found that the
patients with cognitive dysfunction had significantly
higher NLR than those without cognitive dysfunc-
tion [25]. Kalelioglu1 et al. studied the neutrophil and
platelet to lymphocyte ratios in people with subjects
of mild cognitive impairment and early Alzheimer’s
disease [26]. Gorelick P.B. et al. show the role of in-
flammation in cognitive impairment [27].

Conclusion

In the present study cognitive function test P300 and
MMSE were found no association with NLR. Marks have
a significant positive correlation with NLR. Correlation
with in dependable parameter shows that MMSE have
significant association with BMI, and marks have signifi-
cant association with age, gender and BMLI. In the present
study neurocognitive function test P-300 and MMSE
found non-significant association with inflammatory
marker NLR although academic performances (marks)
have a significant positive correlation with NLR.
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AnHoTanusa. AkmyaibHocmb. [1o3HaHue sIBsieTCsl BaXKHOU (H3M0/I0rMUeCcKoil U BhICIIel NCUXUueckon (pyHKIHel
yesnoBeka. CyI1leCTBYIOT pa3/IMuHbIe UCCIe/l0BaHNs, I0Ka3bIBaloII[1e, UTO BOCIAJUTeIbHOE COCTOSIHHE MO)KeT HeraTUBHO
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HewnnBa3suHblii Tect P300, KOMIOHEHT MOTEHIIMAIOB, CBSI3aHHBIX CO CTyXOBBIMHU COOBITHSIMU 1 MUHMMAJTBHOM OLIEHKOM TCH-
XMUECKOT0 COCTOSIHHS, a TaKXKe TeCT Ha OCHOBE ONPOCHUKA OTPakatoT KOTHUTUBHYHO (PYHKILIMIO, a FeMaTo/I0ruyeCcKuii mapaMmeTp
COOTHOIIIeHUsI HEUTPO(dUIOB/ TUMGOLUTOB SIB/sIeTCS Y[00HBIM [TapaMeTpoOM CHCTEMHOT0 BocrasieHus1. Llesib HacTosiiero
WCC/IeZIOBaHUSI COCTOSI/IA B TOM, UTOOBI OLIEHUTh CTeleHb KOTHUTUBHBIX (QYHKIUH 110 orpocHUKY P-300, MUHMMAa/IbHYO OLIEHKY
TICUXUUEeCKOTO COCTOSIHUS Y aKaZleMUUeCcKoil yCrieBaeMOCTH U HalTHU CBfI3b C COOTHOILIeEHHEM HeNTpoGhuIoB U MTMMQOLIUTOB
y CTYZeHTOB-MeJUKOB MepBoro Kypca. Mamepuanbl u MemooObl. 3TO ObUIO 0OCepBal[MOHHOE UCC/Ie/J0OBaHKe, TIPOBeleHHOe
Ha 79 nepBOKypCHHKax-MeJjuKax Bo3pacTHo! rpynnbl 18-25 neT Ha Kadezape ¢usnonorud RUHS konnefka MegULIMHCKHAX
Hayk I. [[xaiinypa. [Iis1 OLjeHKM KOTHUTUBHBIX (DYHKIMI perucTprpoBaiyd OTBEThI Ha He MHBa3uBHBIN TecT P300, mpoBoauamn
MHUHHMAJIbHYI0 OLIeHKY IICUXUUeCKOro COCTOSTHUSL U aHaIU31MPOBaJIM yCIieBaeMOCThb. [eMaToornueckuii mapaMeTp COOTHOLIIEHUST
HeHTPodUI0B/MMM(OLIMTOB paCCUUTHIBAIU ITYTEM JlesieHust abCOTFOTHOTO KOJTMYeCTBa HeHTPOGH/IOB Ha aOCOIOTHOE KOTMUECTBO
muMdoruToB. 17151 00Hapy>KeHHs aCCOLMALIMK ObLT MPOBe/IeH CTaTUCTUYeCKUM aHa/MN3 C TIOMOLIIBIO TTPOrpaMMHOTO 00ecrieyeHu st
MEDCALC Bepcuu 16.4. Pe3yribmambi u 06¢cyxcderue. CBsi3b Mexxy aMruutyzoi P-300 1 MUHMMa IbHOM OLIEHKOM CUXHUUeCKOTo
COCTOSIHUSI C COOTHOLIIeHHeM HelTpo(huI0B/MMM(OLMTOB OKa3aaach He3HAYUTeTbHON. YCIIeBaeMOCTb UMeeT 3HAUUTEe/TbHYIO
TMIOJIOKUTE/IbHYI0 KOPPEJISLIUI0 C COOTHOLIeHneM HelTpodusos/mumdorutoB (0,015). Bbigodsl. B HacTosieM 1ccie[0BaHUN
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TECT HEHPOKOTHUTHBHBIX QyHKIMK P-300 1 MUHUMAa/IbEHOM OLIEHKU TICHXHUECKOTO COCTOSTHUSL OOHAPY>KU/IM He3HAUUTETBHYIO
CBSI3b C BOCTIA/IUTE/IbHBIM MapKepoM COOTHOIIEHUsT HeHTPOGhHIOB/MMMQOLUTOB, XOTS aKaJjleMUJecKasi yCrieBaeMOCThb (OLIeHKH)
VIMeeT 3HaUMTe/IbHYIO TI0JI0KUTE/TEHYI0 KOPPEJISILIUIO C COOTHOLIIeHHeM HeHTpoGhuIoB/ MMMGOLIUTOB.

KiiroueBble C/10Ba: N0O3HaHKWE, COOBITUIHBIN MOTEHLWa, HEHPOKOTHUTHUBHAs (PYyHKLIVSI, COOTHOILEHUE HEUTPO(HIOB
1 IMMQOLIUTOB, MUHU-00C/IeJOBaHIE ICUXUUYECKOTO COCTOSIHUS

MNudopmarnus o puHaHCHpPOBaHUH. ABTODHI He MOTyvasay (UHAHCOBOM NOZ/IeP>KKH [J1s1 UCCIIel0BaHus 1 ITyOIMKaLyy JaHHOH
CTaThby.

Bkuag aBropoB. PamkIIpabxa — 0630p MTepaTyphbl, HAaNMCaHKUe TeKCTa, CO0p JaHHBIX ¥ 06paboTKa MaTeprasioB, CTaTUCTUYECKAst
06paboTka AaHHbix; AHinyn [IlapMa — KOHILEMLUS ¥ JU3aiH UCC/Ie[0BaHus, HanrcaHue Tekcrta; [pxurergep Copyt — cbop
[AHHBIX U 00paboTKa MaTepuaioB, HarmcaHue Tekcta; Sudhanshu Kacker — koHIemnius U Au3aiiH UCC/Ie0BaHMUSA, HAlTUCAHUe
Tekcta; HavHa [I)kaHruj — HarvcaHye TeKcTa. Bce aBTopbl BHEC/IM 3HAUMTE/TbHBIN BK/Ia/| B pa3pabOTKy KOHLEILNM, HCC/Ie0BaHUH
Y TIOAATOTOBKY PYKOITHUCH, TIPOYUTAJTH U YTBEPW/IN OKOHUATE/ILHYIO BEPCHUIO Tiepe/] IyO/IMKaLyei.

Hudopmanus 0 KOHQIMKTEe HHTEPECOB. ABTOPbI 3asB/ISTIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.

ITHueckoe yTBepkAeHue. [lepes Haua/oM MCCae0BaHUs OBIIO MOJyUeHO pa3pelleHre ITUUECKOTO KOMUTEeTa
(Ne RUHS-CMS/ETHICS Comm./2019/09 ot 03.12.19, Ne EC/P-54.1/2018) Komnnenyka MeAULIMHCKUX HayK PapkacTaHCKOro
VHHUBEPCHUTETa MEAULIMHCKUX HayK, PamykactaH, xaumyp, HaWs.

BiiarogapHocTi. Mbl XO0TUM 1M06/1arofiapyuTh BCEX YUAaCTHHUKOB 3a YCIEIHOe IIPOBe/IeHre UCC/IeI0BaHUs.

HudopmupoBaHHoe coriacue Ha my0ukanui. OT yUaCTHUKOB MCC/IeZJOBaHUs OBLIO MOTy4YeHO JOOPOBOIBHOE MICbMEHHOEe
coryiacue Ha WCC/e[JoBaHHe U MyO/IMKAI[I0 COOTBETCTBYIONIEH MeJUIIMHCKOM HH(GOPMALIH B COOTBETCTBUM C XeJTbCUHKCKOU
Jeknapateid WMA — DTudeckue NpUHLUIBI MeAULIMHCKUX UCC/Ie[l0BaHMH C yyacTheM desioBeka, 2013 T.
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