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ABSTRACT

Background: Neutrophil-to-lymphocyte ratio, a well-defined marker of immunity, is raised in many conditions 
which are characterized by abnormal inflammatory and immunological responses. Anemia of chronic disease, the 
most prevalent type in hospitalized patients, is a dominant clinical picture in protracted stimulation of immunity. 
This study aimed to assess the neutrophil-to-lymphocyte ratio in adult participants with anemia and to compare 
of the ratio with non-anemic participants. 

Methods: In a cross-sectional study conducted in the Department of Clinical Physiology of Karnali Academy 
of Health Sciences, Teaching Hospital, Jumla, Karnali Province, Nepal, in the months of August, 2023, data on 
clinico-demographic variables were retrieved from the laboratory information system of hospital records of 
February–March, 2023. From the hematological parameters retrieved, the status of anemia and the neutrophil-to-
lymphocyte ratio were calculated. 

Results: After scrutiny of the laboratory records of 1421 adult patients, with 69.7% (N=990) female, the prevalence 
of anemia was 12.4% (N=176) and the median neutrophil-to-lymphocyte ratio was 2.21 (IQR: 1.41–3.75). The 
median neutrophil-to-lymphocyte ratio was significantly greater in the anemic participants among the overall 
(p<0.001) participants and across the subgroups of gender (p<0.001) and age (p<0.05). 

Conclusion: The neutrophil-to-lymphocyte ratio was significantly greater in the adult anemic than in the non-
anemic participants. To this end, further studies assessing the association of this ratio with the various clinical 
aspects of anemia, such as subtypes, severity, course, prognosis and treatment responses are needed. 
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INTRODUCTION
Neutrophil-to-lymphocyte ratio (NLR) is a hematological 
marker that takes into account two domains of the immu-
nity, i.e., innate and adaptive.1 Raised NLR serves as a key 
indicant of pathological conditions including infections,2–4 

stroke,5 myocardial infarction,6 atherosclerosis,7 trauma,8 
cancer,9 complexities associated with surgery10 and sys-
temic inflammatory response syndrome (SIRS) due to in-
flammation induced by tissue damage.1 Anemia, a condi-
tion with reduced hemoglobin or hematocrit or red blood 
cells counts, manifests in association with nutritional in-
adequacy, infections, inflammation, chronic diseases, and 
heritable defects of the red blood corpuscles.11,12 Anemia 
of chronic disease, the most prevalent type in hospitalized 
patients, is a dominant clinical picture in protracted activa-
tion of the immune system.13

In the face of a multitude of research studies reporting 
the associations of both NLR and anemia of chronic dis-
ease with various pathological conditions with infectious/
inflammatory etiologies, the obviously plausible associa-
tion between the ratio and anemia clearly justifies some 
investigation. In one of the very few studies conducted 
along this line, Hegde and Puranik14 assessed the alter-
ation of NLR in patients with iron deficiency anemia, with 
the findings pointing specifically to the link between iron 
and immunity. Notwithstanding, in that study, the over-
all association between anemia in general and NLR was 
clearly lacking in the generalized anemic patients. In this 
backdrop, this study was designed to evaluate the NLR in 
adult anemic patients and compare the ratio between the 
anemic and non-anemic participants, overall and across 
the subgroups of gender and age. 
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MATERIALS AND METHODS
It was a quantitative study with an observational, cross-sec-
tional design (retrospective chart review) wherein, the re-
search data was acquired from the laboratory information 
system (LIS) of Central Clinical Laboratory at Karnali Acad-
emy of Health Sciences (KAHS), Teaching Hospital, Jum-
la, Karnali Province, Nepal. Central Clinical Laboratory of 
KAHS Teaching Hospital is the clinical laboratory where 
biological specimens (blood in the present study) of the 
patients visiting KAHS Teaching Hospital are analyzed. 
KAHS Teaching Hospital is a tertiary healthcare center that 
caters to the healthcare needs of a significant proportion 
of population in the Karnali Province, especially those re-
siding in the upper (hills and mountains) Karnali regions. 

The study population comprised of the patients vis-
iting KAHS Teaching Hospital, with the sampling unit 
being the study population who had their blood inves-
tigated at Central Clinical Laboratory of KAHS Teaching 
Hospital for various hematological parameters. Using the 
census or complete enumeration sampling strategy, the 
total number of patients who had their blood investigat-
ed for hematological parameters in any one month period 
(randomly selected as February–March 2023 AD or Falgun 
2079 BS from the 12 previous months, ie., September 2022 
to August 2023) were selected. From these, the hemato-
logical records considered for analysis were chosen based 
on the following criteria: adult participants (age 18 years 
or above)15 of both gender were included, while those 
with incomplete/dubious records were excluded from the 
final analysis. Likewise, only one set of values of the re-
cords of individuals (with more than one record in the LIS) 
was considered eligible for the analysis. In cases of multi-
ple entries of the same lab parameter, only the parameter 
that was analyzed first was included, excluding all the oth-
er subsequent values.

After obtaining ethical clearance from the Institutional 
Review Committee of KAHS (Ref: 080/081/19), data were 
collected from the Laboratory Information System (LIS) of 
the hospital records of KAHS Teaching Hospital. Using a 
pre-designed proforma, the principal investigator record-
ed values of all the variables of interest. Based on these, 
the calculated variables were: anemia status (no anemia/

anemia), neutrophil count (per microliter), lymphocyte 
count (per microliter) and neutrophil-to-lymphocyte ratio. 
Anemia was defined in accordance with the WHO criteria 
as hemoglobin levels less than 12 g/dL in adult females 
and less than 13 g/dL in adult males.16 Likewise, neutro-
phil-to-lymphocyte ratio was calculated from the differ-
ential counts of the neutrophils and lymphocytes.  The 
principal investigator, in alliance with the co-investigators, 
were involved in the supervision and monitoring through-
out all the steps of the research. 

Statistical Analysis: The collected data was initially 
entered in LibreOffice Calc (LibreOffice, The Document 
Foundation). After preliminary data management (data 
cleaning, re-coding, etc), data were entered and analyzed 
in Statistical Package for Social Science (SPSS), version 
16.0 software. Categorical variables were described us-
ing frequency and percentage. Regarding the continuous 
variables, normality was tested using Kolmogorov Smirnov 
test. As their distributions were found to significantly de-
viate from the Gaussian distribution, median values with 
interquartile intervals were used to describe the data. As 
for the inferential statistics, comparison of the median NLR 
between the comparison groups was performed using 
non-parametric tests. Mann-Whitney U test was employed 
for comparing the hematological parameters in different 
categories. Finally, the median NLR amongst the study 
participants of the age-quartiles was compared using the 
Kruskal Wallis test. Statistical significance was defined as 
p-value less than 0.05 at 95% confidence level. 

RESULTS
In a hospital-record-based cross-sectional study, the labo-
ratory records of a total of 1421 adult patients were scruti-
nized. Of these participants, 990 (69.7%) were female. The 
median age of the overall participants was 36 years (IQR: 
25–40 years), with the range being 67.0 years, ie., 18–85 
years. As per the WHO criteria, the prevalence of anemia 
in the study participants was 12.4% (n=176). Likewise, the 
median neutrophil-to-lymphocyte ratio (NLR) was 2.21 
(IQR 1.41–3.75) with the range being 0.16–47.00. (Table 1)

Table 2 depicts the comparison of the median values 
of different hematological parameters between the par-
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Table 1: Baseline clinico-demographic attributes of the participants

Variables Mean±SD Median (Q1–Q3) Range (Min–Max)

Age (years) 40.39±16.98 36.00 (25.00–54.00) 67.00 (18.00–85.00)

Gender
Female N=990 (69.7%)

Male N=431 (30.3%)

RBC Count (x 106/µL) 4.85±0.82 4.80 (4.40–5.30) 7.50 (1.10–8.60)

Hemoglobin (g/dL) 14.67±2.59 14.60 (13.30–16.00) 24.60 (4.20–28.80)

Anemia Status
No Anemia N=1245 (87.6%)

Anemia N=176 (12.4%)

TLC (x103/µL) 7.94±4.06 7.10 (5.50–9.30) 51.00 (1.00–52.00)

Neutrophil Count (x103/µL) 5.34±3.97 4.29 (3.02–6.55) 47.60 (0.24–47.84)

Lymphocyte Count (x103/µL) 1.99±0.84 1.95 (1.43–2.49) 9.31 (0.28–9.59)

Neutrophil/Lymphocyte Ratio (NLR) 3.42±3.84 2.21 (1.41–3.75) 46.84 (0.16–47.00)
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ticipants with and without anemia. As shown, the median 
total leucocyte count (TLC) was significantly greater in the 
participants with anemia (p=0.017). Likewise, the median 
neutrophil counts were significantly greater and the me-
dian lymphocyte counts were significantly lower in these 
participants (p<0.001). However, the median NLR was sig-
nificantly greater in the participants with anemia than in 
the non-anemic participants (p<0.001).  

Table 3 illustrates the comparison of median values 
of neutrophil-to-lymphocyte ratios of different categories 
of gender and age between participants with and without 
anemia. As depicted the differences were statistically signifi-
cant in all the subcategories of gender (male and female) and age 
(age-quartiles) (p<0.05). Likewise, the values were significantly dif-
ferent amongst the gender and age categories only in participants 
without anemia (p<0.05). In participants with anemia, the medi-
an NLR was greater in males than females but was not significant 
(p=0.29). Similarly, amongst the various age-quartiles, median NLR 
was the highest in the fourth age-quartile and lowest in the third 
age-quartile, with the overall difference in the ratio being statisti-
cally non-significant (p=0.64).

 
DISCUSSION
The study was prompted by a multitude of research studies re-
porting associations of neutrophil-to-lymphocyte ratio (NLR) and 
anemia of chronic disease independently with various pathological 
conditions with infectious/inflammatory components. It was de-
signed with an aim of assessing the neutrophil-to-lymphocyte ratio 
in adult patients with anemia and comparing the ratio between the 

participants with and without anemia, in the overall participants 
and across the subgroups of gender and age. In this study, out of 
the total of 1421 adult patients with the age ranging from 18 to 85 
years, 69.7% (N=990) were female. The median age of the overall 
participants was 36 years (IQR: 29 years, ie., 25–54 years). 

The proportion of participants with anemia was 12.4% 
(N=176/1421). As per the report from the analytical outcomes of 
Global Burden of Disease Study 2021,17 24.3% of the population 
worldwide suffered from anemia. Further, as summarized by Weiss 
et al,13 anemia with inflammatory component was present in up to 
2/5th of the cases of anemia, globally. Notably, the low proportion 
of anemic patients in the current study as compared to the global 
trend points to two major possibilities. First, because the cutoff at 
hemoglobin concentration was used for the diagnosis of anemia, 
the hemoglobin concentration in the overall participants can be 
expected to have increased with high altitude18 in a place like Jum-
la, confounding the diagnosis. Secondly, as the study participants 
only included the adults (18–85 years), the exclusion of children 
with possibly higher prevalence of anemia could have decreased 
the overall burden of the condition in the study. 

In this study, median neutrophil-to-lymphocyte ratio (NLR) 
was 2.21 (IQR: 1.41–3.75) with the range being 0.16–47.00. The me-
dian NLR in the participants without anemia was 2.10 (IQR: 1.36–
3.40). In an analysis of five contemporaneous randomized clinical 
trials, Adamstein et al7 reported the baseline median NLR to vary 
from 2.10 to 2.36. Forget et al,19 in their study on healthy adults 
(excluding the geriatric population), reported the NLR to range be-
tween 0.78–3.53, with the mean of 1.65. As reported in the Rotter-
dam study,20 the baseline mean NLR was 1.76 (95% CI: 0.83–3.92). 

Table 2: Median values of hematological parameters according to the anemia status

Variables No Anemia
(N=1245)

Anemia
(N=176)

Test of Significance†

Z-value p-value

RBC Count (x 106/µL) 4.90 (4.50–5.40) 3.70 (3.40–4.10) -17.78 <0.001*

Hemoglobin (g/dL) 15.00 (13.80–16.20) 11.00 (9.50–11.70) -21.36 <0.001*

TLC (x103/µL) 7.10 (5.50–9.00) 7.70 (5.60–11.20) -2.38 0.017*

Neutrophil Count (x103/
µL)

4.19 (3.01–6.28) 5.58 (3.59–8.23) -4.87 <0.001*

Lymphocyte Count (x103/
µL)

2.00 (1.50–2.52) 1.51 (0.98–2.15) -6.43 <0.001*

NLR 2.10 (1.36–3.40) 3.76 (2.34–7.41) -8.22 <0.001*

†: Mann-Whitney U Test
*: Statistically significant at 95% Confidence Intervals

Table 3: Comparison of NLR between the anemic and non-anemic participants across the subgroups and gender and age. 

Variables No Anemia (N=1245) Anemia (N=176) Test of Significance†

Z value P value

Gender

Female (n = 990) 2.03 (1.33–3.29) Z = -2.45†
P = 0.01*

3.57 (2.29–7.35) Z = -1.05
P = 0.29

-7.38 <0.001*

Male (n = 431) 2.19(1.45–3.75) 4.25 (2.77–8.27) -3.99 <0.001*

Age-Quartiles

First (18– 25 yrs) 2.74 (1.80–4.28) x2 = 67.2‡
P<0.001*

3.41 (2.39–6.30 x2 =  1.71
P=0.64

-2.73 0.006*

Second (25–36 yrs) 1.94 (1.30–2.92) 3.96 (2.00–7.74) -4.93 <0.001*

Third (36–53 yrs) 1.71 (1.20–2.57) 3.04 (2.29–5.27) -4.16 <0.001*

Fourth (54–85 yrs) 2.14 (1.42–3.62 4.23 (2.35–8.30) -4.01 <0.001*

†: Mann-Whitney U Test
‡: Kruskal Wallis Test
*: Statistically significant at 95% Confidence Intervals
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Although the variation of NLR in anemia has been described 
in a very studies, it has been logically deduced in studies that the 
increased NLR can be due to alterations in total leucocyte count, 
and counts of differential neutrophil and lymphocyte, with counts 
of total leucocyte and neutrophil in the direction of the altered 
ratio and lymphocyte count, in the opposite direction.1 As 
determined in this study, the median total leucocyte and 
differential neutrophil counts were significantly greater in 
the anemic participants (p=0.017) while the median lym-
phocyte counts were significantly lower in these partici-
pants (p<0.001). Hegde and Puranik reported that total 
leukocyte count, differential lymphocyte and neutrophil 
counts were significantly different between the control 
subjects and those with moderate and severe iron defi-
ciency anemia.14 Additionally, they also reported that the 
total leucocyte and neutrophil counts were significantly 
greater and differential lymphocyte counts, significant-
ly smaller, in the subjects with iron deficiency anemia. 
These findings, although specific for iron deficiency ane-
mia, are analogous to the present study. In this study, the 
median NLR was significantly greater in the anemic than 
in the non-anemic participants (p<0.001) a finding simi-
lar to the study by Hegde and Puranik14 who reported a 
significantly increased NLR in the moderate and severe 
iron deficiency anemia patients. Moreover, the same au-
thors also assessed the relationship between of NLR with 
various hematological parameters and obtained a statis-
tically significant association of the ratio with Red Blood 
Cell count, Hemoglobin and other parameters.. In another 
comparable study, Fisher et al21 cited anemia, along with 
other commodities, as an autonomous determiner of an 
increased NLR during admission.

Comparison of the median values of the neutro-
phil-to-lymphocyte ratios (in participants under different 
subcategories of gender and age) between participants 
with and without anemia showed that the differences were 
statistically significant across all subcategories of gender 
(male and female) and age (age-quartiles) (p<0.05). Like-
wise, the ratio was significantly different amongst the gen-
der and age quartiles only in participants without anemia 
(p<0.05). In the anemic patients, although the median NLR 
was greater in the male than in the female gender group, 
the difference was not statistically significant (p=0.29). In 
contrast, the Rotterdam study20 reported the mean NLR to 
be significantly higher in the male subjects. (p<0.05). Risch 
et al22 also reported the similar finding. Similarly, amongst 
the various age-quartiles, median NLR was the highest in 
the fourth age-quartile, with the lowest being in the third 
age-quartile, with the overall difference in the ratio being 
statistically non-significant (p=0.64). This finding can be 
complemented by Risch et al,22 who, in their study, report-
ed the NLR to have significantly increased with age.  

The limitations of the present study can be envisioned 
from many standpoints including study design, exclusion 
of many necessary variables potentially affecting the in-
dependent and dependent variables, and limited ability 
to properly address the bias stemming from the design. 
Foremost, a cross-sectional study, such as this, fails to 
clearly elucidate the causal relationship between NLR and 
anemia. Moreover, the failure of distinction of the types of 
anemia (the records from the LIS providing no such diag-
nostic information) might further befuddle its association 
with the NLR. To add, despite the NLR being an established 

parameter of inflammation, we couldn’t include other 
parameters like CRP because of the technical issues like 
non-availability of hsCRP analysis at our laboratory setting 
and possibly limited sample size, if the CRP status (posi-
tive/negative) was included. Further, apart from the age 
and gender, no further information about necessary ex-
traneous variables was available. This limited the scope of 
statistical analysis using these variables could have signifi-
cantly affected the relationship between the independent 
(anemic status) and dependent (NLR) variables. To address 
these, a longitudinal study could be planned to assess the 
relationship between the NLR and the anemia consider-
ing the pathological course of anemia, use of medications, 
the various subtypes of this condition and other variables 
potentially affecting the relationship. Regarding the bias, 
one important bias in the study was the measurement/
information bias resulting in potential errors in data due 
to inability of supervision/quality assessment during the 
laboratory investigations. Lastly, despite the supposedly 
sufficient sample size, the short duration of data collection 
clearly subverted the likely seasonal fluctuation of the ob-
tained association between the addressed variables.

Despite the limitations outlined above, the present 
study has paved a clear way as to the relationship between 
anemia and NLR, an approach not undertaken by many 
studies in the region. Moreover, the findings have reiterat-
ed the predominance of anemia of chronic disease in the 
milieu of hospital visiting patients. 

CONCLUSION
In this study, the neutrophil-to-lymphocyte ratio was sig-
nificantly greater in anemic patients, overall and across 
different subcategories of gender and age. In the face of 
NLR being an established marker (especially for predicting 
the outcomes) of many diseases with inflammatory and 
immunological basis, evaluation of NLR in anemia defi-
nitely sets the foundation for evaluation of patients in the 
clinical setting and not to mention, for planning further 
studies, wherein the patients may be followed up and their 
prognosis can be evaluated in real time. Further studies 
with apt design and consideration of more variables could 
be planned to further elucidate the relationship.
Acknowledgments: Special thanks go to the staffs of lab-
oratory and hospital records for helping the researchers 
in acquiring the data from the laboratory information sys-
tem.
Data Availability: The final refined data is available
Source of Funding/Support: Self-funded
Conflict of Interest: None declared
Authors’ Contribution: All the authors conceptualized 
the research; NM and KuB designed the research; All the 
authors performed literature search; NM collected data; 
KuB performed data analysis; All the authors interpreted 
data; NM and KuB collaborated in penning the manu-
script; All the authors reviewed the manuscript for essen-
tial intellectual content; NM performed the final approval 
of the version ready for submission. All the authors agreed 
to be responsible for all domains of the work; NM corre-
sponded to journal. 



JKAHS | Vol. 6 | No. 3| Issue 18 | Sep-Dec 2023www.jkahs.org.np - 25 -

Manandhar, et al. Neutrophil-to-Lymphocyte Ratio in Adult Patients........

REFERENCES

1.	 Buonacera A, Stancanelli B, Colaci M, Malatino L. Neutrophil to lymphocyte ratio: an emerging marker of the relationships between 
the immune system and diseases. Int J Mol Sci. 2022 Mar 26;23(7):3636. https://doi.org/10.3390/ijms23073636 [PMC] [Full Text] 

2.	 Lowsby R, Gomes C, Jarman I, Lisboa P, Nee PA, Vardhan M, et al. Neutrophil to lymphocyte count ratio as an early indicator of blood 
stream infection in the emergency department. Emerg Med J. 2015 Jul;32(7):531–4. https://doi.org/10.1136/emermed-2014-204071 
[PubMed] [Full Text] 

3.	 Jiang J, Liu R, Yu X, Yang R, Xu H, Mao Z, et al. The neutrophil-lymphocyte count ratio as a diagnostic marker for bacteraemia: 
a systematic review and meta-analysis. The American Journal of Emergency Medicine. 2019 Aug 1;37(8):1482–9. https://doi.
org/10.1016/j.ajem.2018.10.057 [PubMed] [Full Text] 

4.	 Niu D, Huang Q, Yang F, Tian W, Li C, Ding L, et al. Serum biomarkers to differentiate Gram-negative, Gram-positive and fungal 
infection in febrile patients. Journal of Medical Microbiology. 2021;70(7):001360. https://doi.org/10.1099/jmm.0.001360 [PubMed] 
[Full Text] 

5.	 Li W, Hou M, Ding Z, Liu X, Shao Y, Li X. Prognostic value of neutrophil-to-lymphocyte ratio in stroke: a systematic review and meta-
analysis. Frontiers in Neurology. 2021;12. https://doi.org/10.3389%2Ffneur.2021.686983 [PMC] [Full Text] 

6.	 Lee MJ, Park SD, Kwon SW, Woo SI, Lee MD, Shin SH, et al. Relation between neutrophil-to-lymphocyte ratio and index of 
microcirculatory resistance in patients with ST-segment elevation myocardial infarction undergoing primary percutaneous coronary 
intervention. American Journal of Cardiology. 2016 Nov 1;118(9):1323–8. https://doi.org/10.1016/j.amjcard.2016.07.072 [PubMed] 
[Full Text] 

7.	 Adamstein NH, MacFadyen JG, Rose LM, Glynn RJ, Dey AK, Libby P, et al. The neutrophil–lymphocyte ratio and incident atherosclerotic 
events: analyses from five contemporary randomized trials. European Heart Journal. 2021 Mar 1;42(9):896–903. https://doi.
org/10.1093%2Feurheartj%2Fehaa1034 [PMC] [Full Text] 

8.	 Park JM. Neutrophil-to-lymphocyte ratio in trauma patients. Journal of Trauma and Acute Care Surgery [Internet]. 2017 Jan [cited 
2023 Aug 10];82(1):225. https://doi.org/10.1097/ta.0000000000001266 [PubMed] [Full Text]  

9.	 Lee PY, Oen KQX, Lim GRS, Hartono JL, Muthiah M, Huang DQ, et al. Neutrophil-to-lymphocyte ratio predicts development of 
immune-related adverse events and outcomes from immune checkpoint blockade: a case-control study. Cancers (Basel). 2021 Mar 
15;13(6):1308. https://doi.org/10.3390/cancers13061308 [PubMed] [Full Text] 

10.	 Fest J, Ruiter TR, Groot Koerkamp B, Rizopoulos D, Ikram MA, van Eijck CHJ, et al. The neutrophil-to-lymphocyte ratio is associated 
with mortality in the general population: the Rotterdam Study. Eur J Epidemiol. 2019 May;34(5):463–70. https://doi.org/10.1007/
s10654-018-0472-y [PubMed] [Full Text] 

11.	 Turner J, Parsi M, Badireddy M. Anemia. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023 [cited 2023 Aug 11]. 
[PubMed] 

12.	 Anaemia [Internet]. [cited 2023 Aug 11]. Available from: https://www.who.int/health-topics/anaemia  
13.	 Weiss G, Ganz T, Goodnough LT. Anemia of inflammation. Blood. 2019 Jan 3;133(1):40–50. https://doi.org/10.1182/

blood-2018-06-856500 [PubMed] [Full Text] 
14.	 14. 	 Hegde AN, Puranik N. Assessment of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in iron deficiency anemia. 

International Journal of Clinical and Experimental Physiology. 2020;7(4):146–50.  [Full Text] 
15.	 Age [Internet]. National Institutes of Health (NIH). 2022 [cited 2023 Aug 15]. [PubMed] 
16.	 Cappellini MD, Motta I. Anemia in clinical practice-definition and classification: does hemoglobin change with aging? Semin Hematol. 

2015 Oct;52(4):261–9. https://doi.org/10.1053/j.seminhematol.2015.07.006 [PubMed] [Full Text] 
17.	 Prevalence, years lived with disability, and trends in anaemia burden by severity and cause, 1990–2021: findings from the Global 

Burden of Disease Study 2021. The Lancet Haematology. 2023 Jul 31. https://doi.org/10.1016/S2352-3026(23)00160-6 [Full Text] 
18.	 Windsor JS, Rodway GW. Heights and haematology: the story of haemoglobin at altitude. Postgrad Med J. 2007 Mar;83(977):148–51. 

https://doi.org/10.1136/pgmj.2006.049734 [PubMed] [Full Text] 
19.	 Forget P, Khalifa C, Defour JP, Latinne D, Van Pel MC, De Kock M. What is the normal value of the neutrophil-to-lymphocyte ratio? 

BMC Res Notes. 2017 Jan 3;10(1):12. https://doi.org/10.1186/s13104-016-2335-5 [PubMed] [Full Text] 
20.	 Fest J, Ruiter R, Ikram MA, Voortman T, van Eijck CHJ, Stricker BH. Reference values for white blood-cell-based inflammatory markers 

in the Rotterdam Study: a population-based prospective cohort study. Sci Rep. 2018 Jul 12;8(1):10566. https://doi.org/10.1038/
s41598-018-28646-w [PubMed] [Full Text] 

21.	 Fisher A, Srikusalanukul W, Fisher L, Smith P. The neutrophil to lymphocyte ratio on admission and short-term outcomes in 
orthogeriatric patients. Int J Med Sci. 2016;13(8):588–602.https://doi.org/10.7150/ijms.15445 [PubMed] [Full Text] 

22.	 Risch L, Ludin G, Sakem B, Nydegger UE, Risch M. Reference ntervals for the neutrophil to lymphocyte ratio (NLR) in the elderly: results 
from the Prospective Seniorlab Study. Blood. 2022 Nov 15;140(Supplement 1):5032. https://doi.org/10.1182/blood-2022-170882


