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ABSTRACT

Background. Lymphocyte ratios reflect inflammation and have been associated with adverse outcomes in a range of
diseases. We sought to determine any association between neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) and mortality in a haemodialysis cohort, including a coronavirus disease 2019
(COVID-19) infection subpopulation.
Methods. A retrospective analysis was performed of adults commencing hospital haemodialysis in the West of Scotland
during 2010–21. NLR and PLR were calculated from routine samples around haemodialysis initiation. Kaplan–Meier and
Cox proportional hazards analyses were used to assess mortality associations.
Results. In 1720 haemodialysis patients over a median of 21.9 (interquartile range 9.1–42.9) months, there were 840
all-cause deaths. NLR but not PLR was associated with all-cause mortality after multivariable adjustment [adjusted
hazard ratio (aHR) for in participants with baseline NLR in quartile 4 (NLR ≥8.23) versus quartile 1 (NLR <3.12) 1.63, 95%
confidence interval (CI) 1.32–2.00]. The association was stronger for cardiovascular death (NLR quartile 4 versus 1 aHR
3.06, 95% CI 1.53–6.09) than for non-cardiovascular death (NLR quartile 4 versus 1 aHR 1.85, 95% CI 1.34–2.56). In the
COVID-19 subpopulation, both NLR and PLR at haemodialysis initiation were associated with risk of COVID-19-related
death after adjustment for age and sex (NLR: aHR 4.69, 95% CI 1.48–14.92 and PLR: aHR 3.40, 95% CI 1.02–11.36; for highest
vs lowest quartiles).
Conclusions. NLR is strongly associated with mortality in haemodialysis patients while the association between PLR
and adverse outcomes is weaker. NLR is an inexpensive, readily available biomarker with potential utility in risk
stratification of haemodialysis patients.
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GRAPHICAL ABSTRACT
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INTRODUCTION

Neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte ra-
tios (PLR) are simple ratios of neutrophil count or platelet count
divided by lymphocyte count. They can be calculated from the
inexpensive and commonly collected full blood count, and are
surrogate markers of systemic inflammation and endothelial
damage [1]. Where the NLR or PLR is raised, pro-inflammatory
cells outnumber anti-inflammatory lymphocytes indicating a
state of inflammatory imbalance [1].

Inflammation is a key pathophysiological process in chronic
kidney disease (CKD) due to several contributing factors in-
cluding uraemia, reduced clearance of inflammatory mediators,
volume overload, increased susceptibility to infection, oxida-
tive stress and technical factors relating to dialysis [2–5]. In ad-
vanced CKD and kidney failure, inflammation is evident and
quantifiable using established markers of inflammation. These
markers—which include C-reactive protein (CRP) aswell asmore
sophisticated biomarkers of inflammation such as interleukin-
6 and tumour necrosis factor-α (TNF-α)—can be expensive and
many are notmeasured routinely in clinical practice [6]. By com-
parison, lymphocyte ratios such as NLR and PLR are inexpensive
and readily available.

In part due to chronic inflammation, kidney failure is
strongly associated with mortality and cardiovascular disease

[7–10]. NLR and PLR are established as markers of inflamma-
tion and poor prognosis from cancer and cardiovascular dis-
ease [1]. More recently, NLR and PLR have been shown to be
associated with adverse prognosis specifically in CKD popu-
lations [1]. Interest in lymphocyte ratios has also grown in
the context of the coronavirus disease 2019 (COVID-19) pan-
demic and meta-analyses have demonstrated positive associ-
ations between NLR at COVID-19 presentation and COVID-19
disease severity and mortality in general adult COVID-19 pop-
ulations [11–13]. Similar findings have been reported in smaller
studies in dedicated CKD populations with COVID-19 disease
[14–17].

Lymphocyte ratios might represent a clinically useful and
cost-effective tool for risk stratification of cardiovascular dis-
ease and mortality in kidney failure. Existing studies in Euro-
pean haemodialysis populations are small and, to our knowl-
edge, associations between lymphocyte ratios and adverse out-
comes in haemodialysis patients have not been characterized
in a UK cohort. We sought to determine the association be-
tween lymphocyte ratios and all-cause and cardiovascular mor-
tality in a large cohort of consecutive, incident haemodialysis
patients in the UK and to study these associations in a sub-
population of haemodialysis patients who developed COVID-19
infection.
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MATERIALS AND METHODS

Study design and participants

We performed a retrospective analysis of all patients aged over
16 years with kidney failure commencing haemodialysis (i.e. in-
cident haemodialysis patients) in National Health Service (NHS)
Greater Glasgow & Clyde (GGC) and Forth Valley health boards
between 1 January 2010 and 31 December 2021 (n = 1735). Par-
ticipants were identified using the Strathclyde Electronic Re-
nal Patient Record (SERPR) which is used to deliver renal care
across theWest of Scotland (supported by Vitalpulse,UK). Partic-
ipantsmissing baseline differentialwhite blood cell count (WCC)
(n = 14) or missing data on follow-up time were excluded (n = 1);
therefore, 1720 participantswere included in the analysis cohort.
We did not apply additional exclusion criteria based on comor-
bidity or other treatment modalities in order to assess a repre-
sentative sample of haemodialysis patients.

Formal ethical approval was not required as analyses used
routinely collected pseudonymized data. However, Caldicott
Guardian approval was applied for and granted for the use of
these data by the information governancemanager for bothNHS
GGC & NHS Forth Valley.

Baseline measurements

Baseline variables were measured at haemodialysis initiation.
Age was calculated from date of birth. Data were recorded on
sex, primary renal diagnosis and haemodialysis access. Primary
renal diagnosis was coded in accordance with the Scottish
Renal Registry (SRR) analysis method which is based upon the
European Renal Association’s (ERA) groupings [18]. Haemodialy-
sis access was described as arteriovenous fistula or graft central
venous catheter (CVC; tunnelled, non-tunnelled or not other-
wise specified) or not recorded. History of diabetes mellitus
and cardiovascular disease were obtained from the electronic
patient record. Pre-existing cardiovascular disease was defined
as any of ischaemic heart disease, heart failure, cerebrovascular
disease or peripheral vascular disease, according to coded
diagnoses within the electronic patient record.

Baseline laboratory measurements were defined as the first
result within 30 days of dialysis initiation for total and dif-
ferential WCC, haemoglobin, platelet count, serum albumin,
adjusted calcium and phosphate. Routine practice in our ser-
vices is to monitor bloods on a monthly basis during main-
tenance haemodialysis treatment; therefore, 30 days was cho-
sen to capture the first result closest to haemodialysis initia-
tion. In the majority of cases, we expect participants to have
results available from the day of haemodialysis initiation but
in isolated cases where these are not available, the earliest re-
sult within 30 days was used. Neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios were calculated by dividing neu-
trophil count (×109/L) and platelet count (×109/L) by lymphocyte
count (×109/L), respectively, and expressing these as ratios.

Outcome measurements

Primary cause of death was obtained from the electronic pa-
tient record. The primary outcome was all-cause death during
follow-up. Cardiovascular death and non-cardiovascular death,
as defined by SRR/ERA groupings [18] (see Supplementary
Methods) were studied as secondary outcomes. Participants
were censored at the time of renal transplant, dialysis modality
change, recovery of native renal function or transfer to another

facility. Additionally, in the analysis of cardiovascular death,
participants were censored at the time of non-cardiovascular
death, and vice versa.

COVID-19 subpopulation analysis

Participants who had at least one positive COVID-19 laboratory
[polymerase chain reaction (PCR)] test result recorded in the
electronic patient record since haemodialysis initiation were in-
cluded in a subpopulation analysis. PCR was performed in pa-
tients with possible COVID-19 symptoms only. Participants with
an interval of 90 days or more between episodes of COVID-19
infection were considered to have possible reinfection in ac-
cordance with Public Health Scotland’s definition [19] (see Sup-
plementary Methods). Mortality data recorded within the elec-
tronic patient record using SRR/ERA cause of death codes do
not capture death due to COVID-19 and death certificates were
not available. Deaths within 28 days of a positive COVID-19
test were considered COVID-19-related deaths and documented
causes of death were reviewed in these cases (see Supplemen-
tary Methods).

Statistical analysis

Normality was assessed by visual inspection of histograms and
quantile–quantile plots. Data were summarized using mean
[standard deviation (SD)] for normally distributed variables and
median [interquartile range (IQR)] if non-normally distributed.
Numbers and percentages were used to summarize categorical
variables. NLR, PLR and total WCC were non-normally dis-
tributed and therefore log-transformed. Prior to transformation,
NLR and PLR were also categorized into quartiles. Baseline
characteristics and laboratory measurements were presented
by NLR quartile. Tests for trends across categories were assessed
using ANOVA, Pearson chi-squared or Kruskal–Wallis tests as
appropriate.

Missing values in other variables were handled by imputing
the mean value, assuming data were missing at random and
missing in <10% of the cohort.

Kaplan–Meier analysis and log-rank tests were used to
compare cumulative survival across NLR and PLR quartiles in
unadjusted analyses. Univariable Cox regression models were
used to assess the relationship between baseline variables and
outcomes. NLR and PLR were included in Cox regression models
as categorical variables (quartiles) andwere analysed in separate
models due to potential collinearity. To address the potential
concern of loss of information and statistical power by categoriz-
ing NLR/PLR, the final models were repeated replacing NLR/PLR
quartileswithNLR/PLR as a continuous log-transformed variable
to test the validity of conclusions drawn based upon catego-
rized data. Variables which were assumed clinically relevant
and/or significantly associated with the outcome on univariable
analysis were entered into the multivariable Cox proportional
hazards model (age, sex, diabetes, cardiovascular disease, albu-
min and initial mode of haemodialysis access). The proportional
hazards assumption was tested by fitting each covariate as a
time-varying covariate in the fully adjustedmodel.Where viola-
tion occurred, the variable was included in the final model as a
time-varying covariate. Due to significant interaction with time,
serum albumin was modelled as a time-varying covariate in all
analyses. NLR quartile also interacted with time only in the sur-
vival analysis for cardiovascular mortality and so was modelled
as a time-varying covariate in this analysis. Evidence of multi-
plicative interaction effects were sought between NLR, PLR and
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Table 1: Baseline characteristics and serum laboratory markers by NLR quartile.

Total NLR Q1 NLR Q2 NLR Q3 NLR Q4
<3.12 ≥3.12 to <4.85 ≥4.85 to <8.23 ≥8.23

N = 1720 n = 430 n = 433 n = 429 n = 428 P

Age, mean (SD), years 62.2 (14.6) 57.9 (15.7) 60.9 (14.6) 64.6 (13.4) 65.6 (13.2) <.001
Sex, n (%) .39

Male 1042 (60.6) 251 (58.4) 265 (61.2) 273 (63.6) 253 (59.1)
Female 678 (39.4) 179 (41.6) 168 (38.8) 156 (36.4) 175 (40.9)

Primary renal diagnosis, n (%) <.001
Glomerulonephritis 252 (14.7) 75 (17.4) 72 (16.6) 62 (14.5) 43 (10.0)
Interstitial 334 (19.4) 110 (25.6) 81 (18.7) 75 (17.5) 68 (15.9)
Multisystem 325 (18.9) 63 (14.7) 78 (18.0) 75 (17.5) 109 (25.5)
Diabetic nephropathy 538 (31.3) 107 (24.9) 139 (32.1) 149 (34.7) 143 (33.4)
Not known/other 271 (15.8) 75 (17.4) 63 (14.5) 68 (15.9) 65 (15.2)

Cardiovascular disease, n (%) 377 (21.9) 79 (18.4) 88 (20.3) 107 (24.9) 103 (24.1) .064
Diabetes, n (%) 749 (43.5) 149 (34.7) 189 (43.6) 211 (49.2) 200 (46.7) <.001
Dialysis access, n (%) <.001

Arteriovenous fistula 652 (37.9) 203 (47.2) 177 (40.9) 155 (36.1) 117 (27.3)
Arteriovenous graft 83 (4.8) 36 (8.4) 22 (5.1) 16 (3.7) 9 (2.1)
CVC 924 (53.7) 171 (39.8) 215 (49.7) 246 (57.3) 292 (68.2)
Not recorded 61 (3.5) 20 (4.7) 19 (4.4) 12 (2.8) 10 (2.3)

NLR, median (IQR) 4.8 (3.1–8.2) 2.4 (1.9–2.8) 3.9 (3.6–4.3) 6.3 (5.4–7.2) 13.4 (10.3–19.4) <.001
PLR, median (IQR) 188.5 (132.1–281.4) 120.1 (95.9–155.3) 163.4 (134.7–210.0) 215.6 (162.3–281.1) 350.0 (260.6–511.5) <.001
Total WCC, median (IQR), ×109/L 7.9 (6.1–10.0) 6.5 (5.2–8.2) 7.5 (6.0–9.3) 8.4 (6.6–10.0) 10.2 (7.6–14.0) <.001
Haemoglobin, mean (SD), g/L 91.7 (15.2) 95.7 (14.5) 92.7 (14.9) 89.3 (15.1) 89.0 (15.4) <.001
Albumin, mean (SD), g/L 28.1 (6.2) 29.7 (6.2) 29.6 (5.8) 27.3 (5.8) 25.9 (6.1) <.001
Adjusted calcium, mean (SD), mmol/L 2.3 (0.2) 2.3 (0.2) 2.3 (0.2) 2.3 (0.2) 2.2 (0.2) <.001
Phosphate, mean (SD), mmol/L 1.9 (0.7) 1.7 (0.6) 1.8 (0.7) 2.0 (0.7) 2.2 (0.8) <.001

all covariates. Effect modification by COVID-19 infection on the
relationship between NLR, PLR and outcomes was also tested
in the complete cohort using multiplicative interactions terms.
Model fit was assessed for each covariate using likelihood ratio
test chi-squared statistics. All analyses were conducted using
Stata: Release 17 (StataCorp, 2021, College Station, TX, USA).

RESULTS

Participant characteristics

The complete cohort included 1720 incident HD patients who
were followed for a median of 21.9 (IQR 9.1–42.9) months.
Table 1 displays the baseline characteristics by baseline NLR
quartile. Overall, mean age was 62.2 (SD 14.6) years and 1042
participants (60.6%) were male. Primary renal diagnosis was in
keeping with national prevalence data, i.e. diabetes was the
most common cause of kidney failure. Pre-existing cardiovas-
cular disease was noted in 377 participants (21.9%) and 749
(43.5%) had pre-existing diabetes. More than half commenced
haemodialysis via a CVC (924, 53.7%), 735 (42.7%) had arteri-
ovenous access at initiation [fistula: 652 (37.9%) versus graft: 83
(4.8%)] and access type was not recorded in a further 61 partici-
pants (3.5%).Across increasing NLR and PLR quartiles (indicating
increased inflammation), there was an increase in age and use
of CVCs as initial mode of haemodialysis access (Table 1). NLR
and PLR were both highest in patients with a CVC as first dialy-
sis access and lowest in those with arteriovenous grafts (Table 2;
P < .001).

Table 2: Baseline neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio by access type at haemodialysis initiation.

NLR [median (IQR)] PLR [median (IQR)]

CVC 5.6 (3.6–10.0) 204.3 (139.2–313.3)
Arteriovenous fistula 4.3 (2.8–7.1) 172.9 (123.6–248.9)
Arteriovenous graft 3.5 (2.5–5.5) 165.3 (131.2–251.1)

Outcomes

At the end of the observation period, 954 participants (55.5%)
had died, 302 (17.6%) had a functioning renal transplant, 2 (0.1%)
had switched to peritoneal dialysis, 12 (0.7%) had been censored
for other reasons (no longer receiving haemodialysis in the re-
gion due to recovery or relocation) and 450 (26.2%) remained on
haemodialysis. Around one-quarter of participants died within
2 years of starting haemodialysis (450 participants, 26.2%) and
almost half died within 5 years (791, 46.0%). There were 840
deaths from any cause included in the primary survival analysis
with a median time-to-event of 23.6 (IQR 8.5–45.9) months.
Cause of death was recorded for 75% of participants reaching
the primary endpoint and there were 213 (12.4%) cardiovascular
deaths occurring at a median of 23.6 (IQR 9.2–40.7) months; and
362 non-cardiovascular deaths with a median time-to-death of
22.7 (IQR 7.6–44.5) months. Participants who died were older at
haemodialysis initiation and more likely to have pre-existing
diabetes and cardiovascular disease (Supplementary data,
Table S1).
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Figure 1: Kaplan–Meier cumulative survival plots for all-causemortality by base-
line NLR.

All-cause mortality

NLR and PLR were significantly higher in those who died com-
pared with survivors (Supplementary data, Table S1) but did
not differ significantly by cause of death (NLR: P = .396, PLR:
P = .998). Cumulatively worse unadjusted survival was observed
across NLR (log rank χ2 for trend 66.28, P < .001; Fig. 1) and PLR
(log rank χ2 for trend 22.26, P < .001) quartiles. On univariable
analysis, a one log unit increase in NLR and PLR were associated
with all-cause mortality. Following multivariable adjustment,
NLR (but not PLR) remained significantly associated with
all-cause mortality. Among those with the highest levels of NLR
(quartile 4: ≥8.23), there were 63% increased adjusted hazards
of death from any cause compared with those in NLR quartile 1
(NLR <3.12) [hazard ratio (HR) 1.63, 95% confidence interval (CI)
1.32–2.00; Table 3].

Cardiovascular mortality

A one log unit increase in NLR (but not PLR) was associated
with cardiovascular mortality on univariable analysis, and the
association persisted after multivariable adjustment (Table 3).
Adjusted hazards of cardiovascular death for participants in
NLR quartile 4 were three-fold higher than those in NLR quartile
1 (HR 3.06, 95% CI 1.53–6.09; Table 3).

Non-cardiovascular mortality

NLR (but not PLR) was also associated with non-cardiovascular
death on multivariable analysis, but to a lesser extent than
cardiovascular death (Table 3). Participants in NLR quartile
4 had 85% increased hazards of death compared with NLR
quartile 1 after adjustment for age, sex, serum albumin and
first haemodialysis access modality (HR 1.85, 95% CI 1.34–2.56;
Table 3). There was no evidence of statistical interaction be-
tween NLR and any covariate, including COVID-19 infection,
for all-cause, cardiovascular or non-cardiovascular mortality
outcomes.

COVID-19 subpopulation analysis

After initiation of haemodialysis, 309 participants (18.0%)
recorded positive tests for COVID-19 between 20 March 2020 un-
til 31 March 2022. Of these, 117 had either undergone kidney
transplantation (105/309, 34.0%), switched to peritoneal dialysis

(11/309, 3.6%) or withdrawn and relocated (1/309, 0.3%) prior to
COVID-19 infection and were therefore excluded, leaving 192
participants (11.2% of entire cohort) included in the COVID-19
subpopulation analysis.

Baseline characteristics by COVID-19 infection status are pre-
sented in Supplementary data, Table S2. There were 52 deaths
in the COVID-19 subpopulation (27.0%), 30 of which occurred
within 28 days and are therefore considered COVID-19-related
deaths (57.7% of those who died; 15.6% of those infected). The
median time from NLR at haemodialysis initiation to COVID-19
infection diagnosis was 23 (9–45) months (Fig. 2). The majority
(17, 77.2%) of coded deaths were recorded as ‘pulmonary infec-
tion (viral)’. Cause of death as reported within the electronic pa-
tient record for these 30 participants is summarized in Supple-
mentary data, Table S3.

NLR and PLR recorded around the time of dialysis initiation
were both significantly higher in those who died within 28 days
of COVID-19 infection than survivors. There was cumulatively
worse survival across NLR and PLR quartiles [log rank χ2 for
trend 6.34, P = .012 (Fig. 3) and 4.13, P = .042, respectively].

Participants in NLR quartile 4 (NLR ≥8.23) at the time
of haemodialysis initiation, who later developed COVID-19
infection, had a greater than four times increased risk of
COVID-19-related death compared with those in quartile 1
(NLR <3.12), after adjustment for age and sex (HR 4.69, 95% CI
1.48–14.92; Table 4). The highest quartile of PLR (PLR ≥281.5)
conferred a tripling of risk [HR 3.40, 95% CI 1.02–11.36 vs quartile
1 (PLR ≤132.0), adjusted for age and sex; Table 4].

DISCUSSION

In this cohort of incident haemodialysis patients, NLR—but not
PLR—at the time of haemodialysis initiation was independently
associated with all-cause mortality. These associations were
consistent in analyses by cardiovascular and non-cardiovascular
causes of death though NLR was more strongly associated with
cardiovascular mortality. In a subpopulation of participants who
developed COVID-19 infection following haemodialysis initia-
tion, both baseline NLR and PLR were associated with increased
hazards of death; however, COVID-19 infection did not modify
the relationship betweenNLR, PLR andmortality observed in the
entire study cohort.

Lymphocyte ratios reflect systemic inflammation and en-
dothelial dysfunction, key pathophysiological processes in CKD,
and NLR is well-established as an adverse prognostic factor in
cancer and cardiovascular disease [1]. In keeping with previous
studies, we demonstrate strong evidence in support of an asso-
ciation between NLR and mortality and cardiovascular disease
outcomes in the haemodialysis population [6, 20–30].We believe
our study is the largest European cohort studied and the only re-
ported studywithin theUK [29, 30]. The association betweenNLR
and clinical outcomes is less well studied in patients with non-
dialysis CKD; however, evidence is emerging supporting the as-
sociation of higherNLRwith progression to kidney failure [31, 32]
as well as adverse cardiovascular outcomes in patients receiv-
ing peritoneal dialysis [33, 34]. In keeping with our own study,
PLR has shown an inconsistent relationship with mortality out-
comes in CKD populations [6, 27, 28].

NLR and PLR are convenient markers of inflammation and
prognosis as they are inexpensive and readily available. The
clinical utility of NLR and PLR is currently limited by the ab-
sence of validated thresholds of clinical significance; however,
NLR thresholds of ≥3.0 and ≥3.5 [1, 30], and a PLR threshold of
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Figure 2: COVID-19 infection timelines.
Reinfection: n=9, median 9 (6-14) months between infections, figure presents time to first infection & time from reinfection to death. *Participants no longer

on haemodialysis at first infection were excluded (transplant n=105, peritoneal dialysis n=11, transfer of care n=1). †Death within 28 days of COVID-19 infection.
‡22 patients died more than 28 days after COVID-19 infection.

Figure 3: Kaplan–Meier cumulative survival plot in COVID-19 subpopulation by
baseline NLR.

132 have been suggested [35], both of which would also be con-
sistent with the 25th percentile in our cohort. Previous studies
have evaluated associations between alternative markers of in-
flammation (such as CRP), NLR and clinical outcomes [23, 24,

27, 36]. We did not explore the potential association between
CRP and outcomes because of the risk of bias by indication: in
our network, CRP is generally only measured if there is clinical
suspicion of infection. As a result, we cannot compare lympho-
cyte ratios with CRP and it remains possible these are directly
correlated. More sophisticated tests of inflammation—such as
interleukin-6 and TNF-α—are not routinely available in our
cohort.

Elevated lymphocyte ratios (NLR and PLR) are not specific to
chronic inflammation and may also be elevated as an acute-
phase response.We observed that haemodialysis initiation with
a CVC rather than arteriovenous access was positively associ-
ated with NLR and also independently associated with all-cause
mortality. Elevated NLR in those with CVCs may reflect inflam-
mation related to recent vascular intervention; however, we did
not observe a statistical interaction between NLR and CVC use.
The association is likely to be confounded by the reality that pa-
tients who are required to start haemodialysis with a CVC are
likely to be more unwell than those with planned arteriovenous
access and may have infective or inflammatory conditions also
associated with elevated NLR which alter prognosis. We could
not account for acute illness as a trigger for dialysis initiation in
this study.

Table 4: Cox proportional hazard model estimates for COVID-19-related death (COVID-19 subpopulation n = 192).

Univariable Multivariablea

HR (95% CI) P HR (95% CI) P

NLR
Log NLRb 1.82 (1.17–2.83) .008 1.90 (1.21–2.98) .005
NLR quartiles

Q1 <3.12 1.00 (reference) 1.00 (reference)
Q2 ≥3.12 to <4.85 1.48 (0.47–4.67) .504 2.59 0.77–8.74) .126
Q3 ≥4.85 to <8.23 1.75 (0.57–5.41) .330 2.24 (0.71–7.07) .167
Q4 ≥8.23 3.98 (1.33–11.92) .013 4.69 (1.48–14.92) .009

PLR
Log PLRb 2.55 (1.29–5.03) .007 2.54 (1.29–5.01) .007
PLR quartiles

Q1 ≤132.0 1.00 (reference) 1.00 (reference)
Q2 >132.0 to <188.5 1.66 (0.53–5.18) .380 1.90 (0.60–6.01) .272
Q3 ≥188.5 to <281.5 2.05 (0.77–5.47) .342 2.19 (0.81–5.87) .120
Q4 ≥281.5 3.21 (<1.00–10.31) .050 3.40 (1.02–11.36) .047

aAdjusted for age and sex.
bPer one unit increase.
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Recently, the COVID-19 pandemic has drawn attention to
the deleterious effects of widespread inflammation, including
multi-organ damage and death. Studies in general COVID-19 co-
horts have demonstrated a clear association between NLR at the
time of COVID-19 presentation and worse clinical outcomes [11–
17]. In this study, we have demonstrated that NLR (and also PLR)
assessed almost 2 years prior to COVID-19 infection is associ-
ated with risk of death. This finding supports the hypothesis
that NLR identifies haemodialysis patients most at risk of ad-
verse outcomes; these patients were also those with the poorest
outcomes from COVID-19.

We acknowledge limitations to this study. First, despite a
convincing association of NLR with mortality in our popula-
tion, the observational design does not allow for conclusions of
cause and effect. Furthermore, there is the potential for resid-
ual confounding due to unmeasured factors such as body com-
position, other comorbidities including inflammatory disease,
medication use and lifestyle factors such as smoking. Second,
mortality data were limited to the electronic patient record and
was only 75% complete. This could be improved upon by ob-
taining death certificates; however, this study was intended to
be a pragmatic study using routinely collected data. Third, our
methods may underestimate COVID-19 incidence and overes-
timate reinfection and COVID-19-related death. Furthermore,
data were not available on COVID-19 disease severity (including
cycle threshold) or vaccination status, although COVID-19 was
not a primary focus of the study and the subpopulation analysis
was intended only to complement the primary analysis.

Despite the above limitations, we feel our conclusions are
relevant as the analysis includes a large kidney failure popula-
tion from a diverse West of Scotland population over a 10-year
period, with access to all laboratory reports and absence of ex-
clusions. NLR is an easily assessed and inexpensive marker of
inflammation which is convincingly associated with increased
hazards of all-cause and cardiovascular mortality. Further re-
search should establish NLR reference ranges in CKD and non-
CKD populations to improve its utility in clinical practice, and
explore the potential role for NLR in risk stratification in CKD.
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