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Abstract
Introduction: Neutrophil-to-lymphocyte ratio (NLR) is a routinely available biomarker 
that reflects systemic inflammation. The study evaluated the predictive value of NLR 
for ischemic stroke and atrial fibrillation (AF) in patients with type 2 diabetes mellitus.
Methods: This was a population-based cohort study of patients with type 2 diabetes 
mellitus and complete blood count tests at baseline between 1 January 1st, 2009, and 
31 December, 2009, at government-funded hospitals/clinics in Hong Kong. Follow-up 
was until 31 December, 2019, or death.
Results: A total of 85,351 patients (age =  67.6 ± 13.2 years old, male =  48.8%, fol-
low-up  =  3101 ± 1441 days) were included. Univariable Cox regression found that 
increased NLR at quartiles 2, 3 and 4 was significantly associated with higher risks 
of new-onset ischemic stroke (hazard ratio [HR]: 1.28 [1.20–1.37], p < .001, HR: 1.41 
[1.32–1.51], p < .001 and HR: 1.38 [1.29–1.47], p < .001) and AF (HR: 1.09 [1.02–1.17], 
p < .015; HR: 1.28 [1.20–1.37], p < .001; HR: 1.39 [1.31–1.49], p < .001) compared to 
quartile 1. On multivariable analysis, NLR remained a significant predictor of ischemic 
stroke risk for quartiles 2 and 3 (quartile 2: HR: 1.14 [1.05, 1.22], p =  .001; quartile 
3: HR: 1.14 [1.06, 1.23], p < .001) but not quartile 4 (HR: 1.08 [0.994, 1.17], p = .070). 
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1  |  INTRODUC TION

Type 2 diabetes mellitus (T2DM) is a metabolic disease that predis-
poses to different adverse events, such as myocardial infarction, 
kidney disease, retinopathy, atrial fibrillation (AF), transient ischemic 
attacks and stroke.1,2 It was estimated that 462 million people of the 
global population are affected by T2DM in 2017.3 It has an expand-
ing prevalence and places a significant burden on healthcare systems 
worldwide. The chronic hyperglycaemic state could increase inflam-
mation, such as upregulation of tumour necrosis factor-α (TNF-α), con-
tributing to complications such as diabetic nephropathy.4 Meanwhile, 
chronic inflammation, especially subclinical inflammation, is thought 
to underlie the development of diabetic complications.5

Pro-inflammatory cytokines and acute-phase reactants, such as 
C-reactive protein and interleukin-6, are associated with the devel-
opment of diabetic complications.6 However, cytokine profile is not 
routinely measured in clinical settings. White blood cell (WBC) count 
is a readily measured laboratory index to reflect the inflammatory 
status. It was recently found that the ratio between neutrophil and 
lymphocyte counts in the WBC has predictive values.7 The neutrophil-
to-lymphocyte ratio (NLR) is a routine biomarker that reflects the 
inflammatory states.8 The balance illustrates the deleterious roles of 
neutrophils on endothelial function and the protective effects of lym-
phocytes, as the former reflects the acute/chronic inflammation while 
the latter reflects the adaptive immunity.9 Prior cross-sectional studies 
found a significant relationship between NLR and increased prevalence 
of cardiovascular diseases, metabolic diseases, and diabetic kidney dis-
ease.10–12 NLR is also predictive of adverse outcomes in various condi-
tions.13–16 However, to date, there has been few detailed investigations 
of the possible predictive value of NLR for long-term new-onset AF 
and stroke in the context of T2DM. Therefore, we conducted this lon-
gitudinal population-based study to determine whether NLR can be 
used to predict for AF and ischemic stroke among T2DM patients.

2  |  METHODS

2.1  |  Study design

This study was approved by The Joint Chinese University of 
Hong Kong-New Territories East Cluster Clinical Research Ethics 
Committee. Patients fulfilling any of the following inclusion 

criteria were recruited: (1) diagnosis of T2DM using the International 
Classification of Disease, Ninth Edition (ICD-9) coding system, (2) pa-
tients meeting the laboratory criteria for diabetes based on HbA1c or 
two successive fasting or random glucose tests as per ADA criteria, or 
(3) prescribed any anti-diabetic medication between 1 January, 2009, 
and 31 December, 2009, at any public hospitals or outpatient clin-
ics managed by the Hong Kong public sector, and (4) with baseline 
neutrophil and lymphocyte results. The data were retrieved from the 
Clinical Data Analysis and Reporting System (CDARS), an electronic 
medical database for shared comprehensive patient records across 
public hospitals and clinics. The system has been used for cohort 
studies by our team and other teams in the past,17–20 including dia-
betes research.21–23

2.2  |  Data extraction

Diagnoses were obtained from ICD-9 codes. The primary outcome 
was incident AF (427.31) or ischemic stroke (434–435). The code 
433 (occlusion and stenosis of precerebral arteries). This is due to the 
very low proportion of patients coded with 433 had acute stroke.24 
The other past comorbidities including renal, neurological comorbidi-
ties, heart failure (HF), were also extracted. Different classes of anti-
diabetic agents, antihypertensives, beta-adrenergic receptor blocker, 
calcium channel blocker (CCB), diuretics and lipid-lowering agents 
were also extracted. Baseline laboratory data for complete blood 
count (lymphocyte, neutrophil count and haemoglobin level), liver 
function test (alanine aminotransferase [ALT], alkaline phosphatase 
[ALP], albumin and total protein), renal function test (creatinine, so-
dium, potassium, urea), lipid (high-density lipoprotein-cholesterol 
[HDL-C], low-density lipoprotein-cholesterol [LDL-C], total choles-
terol, triglyceride) and glycaemic profile (fasting blood glucose [FBG], 
HbA1c) between 1 January, 2008, and 31 December, 2008, were ob-
tained. Baseline anaemia was defined as haemoglobin count <13 g/
dl among male, and < 12 g/dl among female. Mean HbA1c and FBG 
from 1 January, 2004, and 31 December, 2008, were also calculated.

2.3  |  Statistical analysis

Statistical descriptive statistics summarized the baseline and clinical 
characteristics of the type-2 diabetes patients. Continuous variables 

NLR was not predictive of AF after adjusting for confounders (quartile 2: HR: 0.966 
[0.874, 1.07], p = .499; quartile 3: HR: 0.978 [0.884, 1.08], p = .661; quartile 4: HR: 
1.05 [0.935, 1.16], p = .462).
Conclusion: NLR is a significant predictor of new-onset ischaemic stroke after adjust-
ing for significant confounders in Chinese type 2 diabetes patients.

K E Y W O R D S
atrial fibrillation, neutrophil-to-lymphocyte ratio, stroke
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were presented as mean (95% confidence interval [CI] or standard 
deviation [SD]) and categorical variables were presented count (%). 
Univariate Cox regression was used to identify predictors for inci-
dent episodes of both AF and ischemic stroke. Hazard ratio (HR), 
95% confidence interval (CI) and p-Value were reported for the Cox 
regression. Univariate predictors with p-Value <.10 were entered 
into a multivariate model. The Kaplan–Meier curves were plotted 
to reflect the outcome of stroke and AF stratified by high and low 
risk of NLR.To ensure the robustness of our findings, we performed 
the cause-specific hazard model and Fine and Grey's subdistribution 
hazard model with consideration of mortality as a competing risk 
event. Statistical significance was defined as p-Value <.05. Statistical 
analyses were performed using RStudio software (Version: 1.1.456) 
or Prism (Version: 9.0.0).

3  |  RESULTS

3.1  |  Baseline characteristics and significant 
predictors of new-onset stroke

The study cohort consisted of 85,351 patients with T2DM and neu-
trophil and lymphocyte values at baseline, between 1 January, 2009, 
and 31 December, 2009. This cohort was used for predicting the 
risks of new-onset ischemic stroke (stroke cohort). This cohort was 
48.8% male with a mean age of 67.6 years old (standard deviation 
[SD]: 13.2). During the follow-up, 7458 patients exhibited new-onset 
ischemic stroke (8.74%) and 7121 patients presented with new-
onset AF (8.87%). The baseline characteristics of the study cohort 
are summarized in Table  1. In addition, 80,323 patients without 
baseline AF were assessed separately for predicting new-onset AF 
(AF cohort). The mean levels of the NLR among the stroke and AF 
cohorts divided into quartiles are shown in Figure 1. Those who ex-
perienced new-onset stroke and mortality on follow-up had signifi-
cantly higher NLR values compared to the controls.

In the stroke cohort, box plots for NLR, lymphocytes, neutrophils 
and HbA1c for patients with stroke events (blue), mortality (red) and 
no events (green) are shown (Figure 2, Top panel). Univariable Cox 
regression showed that the higher NLR was predictive of ischemic 
stroke (HR: 1.01 [1.00–1.01], p = .0315) (Table S1). Higher NLR levels 
at quartiles 2, 3 and 4, respectively were predictive of stroke, using 
quartile 1 as the reference (HR: 1.28 [1.20–1.37], p < .0001, HR: 1.41 
[1.32–1.51], p < .0001 and HR: 1.38 [1.29–1.47], p < .0001) (Table 2). 
NLR remained a significant predictor of ischemic stroke risk after 
adjustment for quartiles 2 and 3 (quartile 2: HR: 1.14 [1.05, 1.22], 
p =  .001; quartile 3: HR: 1.14 [1.06, 1.23], p < .001) but significance 
was lost for quartile 4 (HR: 1.08 [0.994, 1.17], p = .070). The hazard 
ratios for the risks of new-onset ischemic stroke as a function of NLR 
levels are shown in Figure S1. The cause-specific and subdistribution 
hazard models confirmed that the NLR is associated with a higher 
rate of new-onset stroke (Table S2). The Kaplan–Meier curve showed 
that the patients with higher NLR had higher risks of ischemic stroke 
during the follow-up (p < .0001) (Figure 2, Bottom panel).

3.2  |  Significant predictors of new-onset AF in 
patients without prior AF

The box plots showed that patients with new-onset AF have higher 
NLR values at baseline compared with those who remained in sinus 
rhythm (Figure  3, Top panel). Univariate Cox regression demon-
strated that the NLR was predictive of AF onset (HR: 1.010 [1.005–
1.015], p = .0001) (Table S3). Higher NLR was positively associated 
with higher risks of AF for quartiles 2, 3 and 4, compared with quar-
tile 1 (HR: 1.09 [1.02–1.17], p < .015, HR: 1.28 [1.20–1.37], p < .0001 
and HR: 1.39 [1.31–1.49], p < .0001) (Table  2). The other variables 

TA B L E  1 Baseline and clinical characteristics of patients with 
type 2 diabetes mellitus (n = 85,351).

Characteristics
Mean Total (%) 
or Total ± SD

Age 67.6 ± 13.2

Male 41,632 (48.8)

All-cause mortality 41,772 (48.9)

Ischemic stroke 7458 (8.74)

AFa 7121 (8.87)

Follow-up duration 3101 ± 1441

NLR 3.72 ± 4.27

HDL 1.19 ± 0.353

LDL 2.84 ± 0.909

Total cholesterol 4.72 ± 1.09

Triglyceride 1.73 ± 1.46

Fasting blood glucose 7.77 ± 2.61

Biguanide 55,780 (65.4)

Sulphonylurea 56,297 (66.0)

Insulin 22,133 (25.9)

Thiazolidinedione 1790 (2.10)

DPP4 183 (0.214)

Alpha-glucosidase inhibitor 1728 (2.02)

ACEI 46,829 (54.9)

Beta blocker 34,745 (40.7)

CCB 38,268 (44.8)

Diuretic 23,718 (27.8)

Lipid-lowering agent 29,925 (35.1)

PVD 315 (0.369)

Ischemic stroke 7044 (8.25)

AF 5028 (5.89)

HF 8031 (9.41)

CHD 15,278 (17.9)

Hypertension 32,914 (38.6)

Abbreviation: ACEI, Angiotensin-converting-enzyme Inhibitors; AF, 
Atrial Fibrillation; CCB, Calcium Channel Blocker; CHD, Coronary 
Heart Disease; DPP4, Dipeptidyl-peptidase 4; HDL, High-density 
Lipoprotein; HF, Heart Failure; LDL, Low-density Lipoprotein; NLR, 
Neutrophil:Lymphocyte Ratio; PVD, Peripheral vascular disease.
aPrior AF excluded (n = 80,323).
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that predicted new-onset AF identified by the univariate Cox re-
gression are listed in Table S3. However, after adjustments, NLR was 
not statistically significantly in predicting the risks of AF (quartile 
2: HR: 0.966 [0.874, 1.07], p =  .499; quartile 3: HR: 0.978 [0.884, 
1.08], p = .661; quartile 4: HR: 1.05 [0.935, 1.16], p = .462). Yet, the 
cause-specific model and the subdistribution hazard model showed 
that the NLR is statistically significant in predicting the risks of new-
onset AF (Table S4). The Kaplan–Meier curve demonstrated that the 
patients with higher NLR have higher risks of AF during the follow-
up duration (p < .0001) (Figure 3, Bottom panel).

4  |  DISCUSSION

The main finding of this paper is that higher NLR was a predictor of 
new-onset ischemic stroke, with a positive correlation between NLR 
levels and level of risk.

Inflammation contributes to the risk of stroke via a number of 
mechanisms, including activation of leukocytes, accumulation of 
pro-inflammatory cells such as monocytes and macrophages, and 
platelet aggregation.25,26 Aside from predicting new events, var-
ious haematological and inflammatory indices are also predictive 
of adverse outcomes following ischaemic stroke.27 Some are spe-
cialized tests that are available only in selected tertiary centres 
or for research purposes,28,29 whilst others are based on routine 
blood tests and are more widely applicable.30,31 Of the common 
biomarkers, the systemic inflammatory response index, calculated 
by the absolute neutrophil count xabsolute monocyte count/ abso-
lute lymphocyte count, has been shown to predict poor functional 
outcomes despite complete or near-complete recanalization in pa-
tients with ischaemic stroke undergoing endovascular treatment.32 
The NLR has been shown to predict early neurological deterio-
ration after endovascular treatment,33 new-onset haemorrhagic 
transformation after revascularization34 and is associated with 
treatment effects for ischaemic stroke.35 More broadly, the NLR 
has been reported to be a good prognostic marker in conditions 
related to inflammation. Given that there are no universal stan-
dardized cut-off for NLR, devising a stratified score would allow 

accounting the variations across patients with different conditions. 
While the neutrophil represents the activation of non-specific in-
flammation, the lymphocyte represents the immune surveillance. 
Lymphopenia is a common finding among geriatric patients and is a 
significant marker of vulnerability and mortality.36,37 The NLR has 
been shown to be an excellent prognostic marker for different car-
diovascular diseases, including ventricular arrhythmia, HF and cor-
onary artery disease such that higher NLR would have a negative 
impact on the clinical outcomes.38–40 Indeed, it was reported that 
the NLR out-performed Framingham Risk Score model in predicting 
the cardiovascular-related mortality in the general population.41 
It also has the advantages that the differences in the referencing 
across laboratories would be less impacting since NLR is a ratio. 
Given the convenient and inexpensive nature of the NLR testing, it 
could be readily applied in predicting the outcome of patients with 
AF and ischemic stroke.

A pro-inflammatory environment is known to play essential 
roles in the pathophysiology of stroke. Our data demonstrated 
that the NLR is predictive of incident ischaemic stroke in T2DM. 
Prior studies have similar reported the utility of NLR in predicting 
new-onset strokes in other settings.42–44 Moreover, high NLR in 
patients with ischemic stroke have poorer functional outcomes 
and worse prognoses.45,46 The neutrophil level is positively cor-
related with the severity of the stroke and the stroke volume.47 
The infiltration of neutrophils into the ischaemic tissues results 
in the surge of inflammatory mediators and digestive enzymes.48 
It was also shown that patients with low lymphocytes count were 
associated with worse outcome.47 Lymphocytes have a relatively 
controversial role in the pathophysiology of ischemia. While some 
studies illustrated that lymphocytes might trigger the release 
of pro-inflammatory cytokines and toxins, some showed that 
the lymphocytes played a repairing role in ischaemic stroke.49,50 
Lymphocytes were described to increase the anti-inflammatory 
cytokines, such that lymphopenia would be associated with poorer 
stroke protective effect.51 Thus, the NLR would reflect the risks of 
ischaemic stroke onset.

Our data showed the NLR was predictive of new-onset AF 
on univariable analysis but not after adjustment for significant 

F I G U R E  1 NLR of the stroke and AF cohorts stratified into quartiles (A and B) *** p < .0001, *** p < .001, ** p < .01, * p < .1.
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    |  5 of 10CHANG et al.

F I G U R E  2 (Top Panel) Box plots for NLR, lymphocytes, neutrophils and HbA1c for patients with stroke events (blue), mortality (red), 
and no events (green) in the stroke cohort. (Bottom Panel) Kaplan–Meier curves for the incidence of stroke stratified by high and low levels 
of NLR.
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confounders. Nevertheless, patients who suffered from AF 
showed higher NLR at baseline compared to those who did not 
develop AF. Previous literature has found that the higher level of 
the NLR is predictive for the increased risks of AF occurrence or 
recurrence.52,53 AF is caused by atrial fibrosis and its associated 
conduction disarray, which results in reentry or rapid focal ecto-
pic firing.54 Inflammatory responses have an intimate relationship 
with AF. It was previously described that the patients with higher 
NLR would be associated with higher level of interleukin-17 (IL-17) 
which is involve in atrial structural remodelling.55 Many other in-
flammatory biomarkers, such as high-sensitive C-reactive protein 
(hs-CRP) and haematological indices, are associated with higher 
risks of AF development.56–59 In addition, Inflammation can mod-
ulate calcium homeostasis, cardiomyocytes apoptosis and fibro-
sis, which are contributing to the atrial structural remodelling.60 
Last but not least, the chronic disease states among the patients 
with higher cardiovascular risks would further release the granu-
locytic myeloid-derived suppressor cells (gMDSCs) from the bone 
marrow to suppress the lymphocyte release.61 However, upon ad-
justment of the other covariates, the association between NLR 
and AF became weaker in our results. This suggested that the NLR 
may also reflect the adjusted factors, including demographics and 
other past comorbidities, on top of directly indicating the inflam-
mation and its effect on AF. Indeed, the NLR has been described 
to be associated with age, hypertension, and HF, factors that were 
also adjusted in our regression model.62–64 This indicates that 
NLR also reflects the other covariates, which also increased the 
risks of AF onset. Therefore. NLR is reflecting the specific sub-
group of populations who were at higher risks of AF onset, such 
that clinicians are able to identify the high risks patients early 
and apply therapeutic agents to alleviate the condition-related 
inflammations.

4.1  |  Strength and limitations

This study has several strengths. Firstly, this study is powered by 
a large number of patients who were followed up for a long ob-
servational period. Secondly, the territory-wide healthcare data-
base of Hong Kong included both outpatient clinic data from both 
family medicine and secondary specialist care, and hospital data. 
Therefore, diagnoses and attendances are recorded comprehen-
sively in our database. Thirdly, the regression results were con-
firmed using competing risk analyses, including the cause-specific 
and subdistribution hazard models. Lastly, the long follow-up 
period allows capturing the temporal variability and long-term 
outcomes.

However, several limitations should be noted. Firstly, given this 
is a retrospective study, there is a lack of analysis of clinical out-
comes during real-time follow-up. Furthermore, this retrospective 
study can only show the association but not the causation relation-
ship. Secondly, given the lack of coding of the common confound-
ers such as smoking status, diet, and adherence to the prescribed TA
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F I G U R E  3 (Top Panel) Box plots for NLR, lymphocytes, neutrophils and HbA1c for patients with AF events (blue), mortality (red), and no 
events (green) in the atrial fibrillation (AF) cohort. (Bottom Panel) Kaplan–Meier curves for new-onset atrial fibrillation (AF) stratified by high 
and low levels of NLR.
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medications, those critical factors were not adjusted in our mod-
els. Thirdly, Unfortunately, in this study, only ICD-9 codes of 434 
(Occlusion of cerebral arteries) and 435 (Transient cerebral isch-
emia). It was difficult to separate out large vessel occlusions from 
small vessel occlusions based on the ICD codes alone. Therefore, we 
did not perform subgroup analysis based on the subtypes of stroke 
by the TOAST classification. Future studies should be conducted to 
determine whether NLR can predict various stroke subtypes. Finally, 
this cohort is recruited from a single region such that external vali-
dation is needed to take account of the geographical heterogeneity.

5  |  CONCLUSION

Higher NLR is associated with an increased risk of ischemic stroke in 
a Chinese population of T2DM patients.

AUTHOR CONTRIBUTIONS
Carlin Chang: Conceptualization (equal); data curation (equal); for-
mal analysis (equal); investigation (equal); writing –  original draft 
(equal). Jiandong Zhou: Data curation (equal); formal analysis 
(equal); software (equal); validation (equal); visualization (equal); 
writing –  original draft (equal). Oscar Hou In Chou: Data curation 
(equal); formal analysis (equal); writing – original draft (equal); writ-
ing – review and editing (equal). Justin Chan: Data curation (equal); 
formal analysis (equal); investigation (equal); writing – original draft 
(equal). Keith Sai Kit Leung: Data curation (equal); formal analysis 
(equal); resources (equal); writing – original draft (equal). Teddy Tai 
Loy Lee: Conceptualization (equal); data curation (equal); formal 
analysis (equal); methodology (equal); writing – original draft (equal). 
Wing Tak Wong: Formal analysis (equal); funding acquisition (equal); 
methodology (equal); supervision (equal); writing – review and edit-
ing (equal). Abraham Ka Chung Wai: Data curation (equal); formal 
analysis (equal); methodology (equal); project administration (equal); 
resources (equal); software (equal); supervision (equal); writing – re-
view and editing (equal). Tong Liu: Formal analysis (equal); investi-
gation (equal); methodology (equal); project administration (equal); 
resources (equal); supervision (equal); visualization (equal); writing – 
original draft (equal); writing – review and editing (equal). Qingpeng 
Zhang: Formal analysis (equal); investigation (equal); methodol-
ogy (equal); project administration (equal); resources (equal); su-
pervision (equal); writing –  review and editing (equal). Sharen Lee: 
Conceptualization (equal); data curation (equal); formal analysis 
(equal); investigation (equal); methodology (equal); project adminis-
tration (equal); supervision (equal); writing –  original draft (equal); 
writing – review and editing (equal).

CONFLIC T OF INTERE S T
None.

DATA AVAIL ABILIT Y S TATEMENT
An anonymized dataset can be obtained from the corresponding au-
thor upon reasonable request for research purposes.

ORCID
Gary Tse   https://orcid.org/0000-0001-5510-1253 

R E FE R E N C E S
	 1.	 Wang A, Green JB, Halperin JL, Piccini JP. Atrial fibrillation and di-

abetes mellitus: JACC review topic of the week. J Am Coll Cardiol. 
2019;74(8):1107-1115.

	 2.	 Chen R, Ovbiagele B, Feng W. Diabetes and stroke: epidemiology, 
pathophysiology, pharmaceuticals and outcomes. Am J Med Sci. 
2016;351(4):380-386.

	 3.	 Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al KJ. 
Epidemiology of type 2 diabetes –  global burden of disease and 
forecasted trends. J Epidemiol Glob Health. 2020;10(1):107-111.

	 4.	 Cheng D, Liang R, Huang B, et al. Tumor necrosis factor-α block-
ade ameliorates diabetic nephropathy in rats. Clin Kidney J. 
2019;14(1):301-308.

	 5.	 Navarro JF, Mora C. Role of inflammation in diabetic complications. 
Nephrol Dial Transplant. 2005;20(12):2601-2604.

	 6.	 Facchini F, Hollenbeck CB, Chen YN, Chen YD, Reaven GM. 
Demonstration of a relationship between white blood cell count, 
insulin resistance, and several risk factors for coronary heart dis-
ease in women. J Intern Med. 1992;232(3):267-272.

	 7.	 Lee JS, Kim NY, Na SH, Youn YH, Shin CS. Reference values of 
neutrophil-lymphocyte ratio, lymphocyte-monocyte ratio, platelet-
lymphocyte ratio, and mean platelet volume in healthy adults in 
South Korea. Medicine (Baltimore). 2018;97(26):e11138.

	 8.	 Imtiaz F, Shafique K, Mirza SS, Ayoob Z, Vart P, Rao S. Neutrophil 
lymphocyte ratio as a measure of systemic inflammation in preva-
lent chronic diseases in Asian population. Int Arch Med. 2012;5(1):2.

	 9.	 Song M, Graubard BI, Rabkin CS, Engels EA. Neutrophil-to-
lymphocyte ratio and mortality in the United States general popu-
lation. Sci Rep. 2021;11(1):464.

	10.	 Khandare SA, Chittawar S, Nahar N, Dubey TN, Qureshi Z. 
Study of neutrophil-lymphocyte ratio as novel marker for dia-
betic nephropathy in type 2 diabetes. Indian J Endocrinol Metab. 
2017;21(3):387-392.

	11.	 Nunez J, Nunez E, Bodi V, et al. Usefulness of the neutrophil to 
lymphocyte ratio in predicting long-term mortality in ST segment 
elevation myocardial infarction. Am J Cardiol. 2008;101(6):747-752.

	12.	 Hussain M, Babar MZM, Akhtar L, Hussain MS. Neutrophil lympho-
cyte ratio (NLR): a well assessment tool of glycemic control in type 
2 diabetic patients. Pak J Med Sci. 2017;33(6):1366-1370.

	13.	 Bazoukis G, Saplaouras A, Letsas KP, et al. The association of he-
matological indices with the response to cardiac resynchronization 
therapy: a single-center study. Hippokratia. 2019;23(3):118-125.

	14.	 Bazoukis G, Letsas KP, Vlachos K, et al. Simple hematological pre-
dictors of AF recurrence in patients undergoing atrial fibrillation 
ablation. J Geriatr Cardiol. 2019;16(9):671-675.

	15.	 Weymann A, Ali-Hasan-Al-Saegh S, Popov AF, et al. Haematological 
indices as predictors of atrial fibrillation following isolated coro-
nary artery bypass grafting, valvular surgery, or combined pro-
cedures: a systematic review with meta-analysis. Kardiol Pol. 
2018;76(1):107-118.

	16.	 Weymann A, Ali-Hasan-Al-Saegh S, Sabashnikov A, et al. Prediction 
of new-onset and recurrent atrial fibrillation by complete blood 
count tests: a comprehensive systematic review with meta-analysis. 
Med Sci Monit Basic Res. 2017;23:179-222.

	17.	 Li CK, Xu Z, Ho J, et al. Association of NPAC score with survival 
after acute myocardial infarction. Atherosclerosis. 2020;301:30-36.

	18.	 Wai AK-C, Chan CY, Cheung AW-L, et al. Association of molnupira-
vir and nirmatrelvir-ritonavir with preventable mortality, hospital 
admissions and related avoidable healthcare system cost among 
high-risk patients with mild to moderate COVID-19. Lancet Reg 
Health West Pac. 2023;30:100602.

 23989238, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edm

2.397 by T
est, W

iley O
nline L

ibrary on [17/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-5510-1253
https://orcid.org/0000-0001-5510-1253


    |  9 of 10CHANG et al.

	19.	 Wai AKC, Wong CKH, Wong JYH, et al. Changes in emergency de-
partment visits, diagnostic groups, and 28-day mortality associated 
with the COVID-19 pandemic: a territory-wide, retrospective, co-
hort study. Ann Emerg Med. 2022;79(2):148-157.

	20.	 Wong JYH, Luk LYF, Yip TF, Lee TTL, Wai AKC, Ho JWK. Incidence 
of emergency department visits for sexual abuse among youth in 
Hong Kong before and during the COVID-19 pandemic. JAMA Netw 
Open. 2022;5(10):e2236278.

	21.	 Lee S, Liu T, Zhou J, Zhang Q, Wong WT, Tse G. Predictions of dia-
betes complications and mortality using hba1c variability: a 10-year 
observational cohort study. Acta Diabetol. 2021;58(2):171-180.

	22.	 Lee S, Zhou J, Guo CL, et al. Predictive scores for identifying pa-
tients with type 2 diabetes mellitus at risk of acute myocardial 
infarction and sudden cardiac death. Endocrinol Diabetes Metab. 
2021;4(3):e00240.

	23.	 Lee S, Zhou J, Wong WT, et al. Glycemic and lipid variability for 
predicting complications and mortality in diabetes mellitus using 
machine learning. BMC Endocr Disord. 2021;21(1):94.

	24.	 Goldstein LB. Accuracy of ICD-9-CM coding for the identification of 
patients with acute ischemic stroke. Stroke. 1998;29(8):1602-1604.

	25.	 del Zoppo GJ. The role of platelets in ischemic stroke. Neurology. 
1998;51(3 Suppl 3):S9-S14.

	26.	 Lindsberg PJ, Grau AJ. Inflammation and infections as risk factors 
for ischemic stroke. Stroke. 2003;34(10):2518-2532.

	27.	 Krishnamoorthy S, Singh G, Jose KJ, et al. Biomarkers in the pre-
diction of hemorrhagic transformation in acute stroke: a systematic 
review and meta-analysis. Cerebrovasc Dis. 2022;51(2):235-247.

	28.	 Roever L, Tse G, Biondi-Zoccai G. Plasma CLEC-2 (C-type lec-
tin receptor 2) in patients with acute ischemic stroke. Stroke. 
2019;50(1):3.

	29.	 Bsat S, Halaoui A, Kobeissy F, et al. Acute ischemic stroke bio-
markers: a new era with diagnostic promise? Acute Med Surg. 
2021;8(1):e696.

	30.	 Quan K, Wang A, Zhang X, et al. Neutrophil to lymphocyte ratio 
and adverse clinical outcomes in patients with ischemic stroke. Ann 
Transl Med. 2021;9(13):1047.

	31.	 Li TYW, Sia C-H, Chan BPL, et al. Neutrophil-lymphocyte and 
platelet-lymphocyte ratios are associated with recurrent ischemic 
stroke in patients with embolic stroke of undetermined source. J 
Stroke. 2022;24(3):421-424.

	32.	 Lattanzi S, Norata D, Divani AA, et al. Systemic inflammatory 
response index and futile recanalization in patients with isch-
emic stroke undergoing endovascular treatment. Brain Sci. 
2021;11(9):1164.

	33.	 Lattanzi S, Norata D, Broggi S, et al. Neutrophil-to-lymphocyte 
ratio predicts early neurological deterioration after endovascular 
treatment in patients with ischemic stroke. Life. 2022;12(9):1415.

	34.	 Świtońska M, Piekuś-Słomka N, Słomka A, Sokal P, Żekanowska E, 
Lattanzi S. Neutrophil-to-lymphocyte ratio and symptomatic hem-
orrhagic transformation in ischemic stroke patients undergoing re-
vascularization. Brain Sci. 2020;10(11):771.

	35.	 Świtońska M, Słomka A, Korbal P, et al. Association of neutrophil-
to-lymphocyte ratio and lymphocyte-to-monocyte ratio with treat-
ment modalities of acute ischaemic stroke: a pilot study. Medicina. 
2019;55(7):342.

	36.	 Dennis MS, Nicolson A, Lehmann AB, Junaid O, Byrne EJ, 
Hopkinson N. Clinical associations of lymphopenia in elderly per-
sons admitted to acute medical and psychiatric wards. Gerontology. 
1998;44(3):168-171.

	37.	 Warny M, Helby J, Nordestgaard BG, Birgens H, Bojesen SE. 
Incidental lymphopenia and mortality: a prospective cohort study. 
CMAJ. 2020;192(2):E25-E33.

	38.	 Aydin M, Yildiz A, Yuksel M, Polat N, Aktan A, Islamoglu Y. 
Assessment of the neutrophil/lymphocyte ratio in patients with 
supraventricular tachycardia. Anatol J Cardiol. 2016;16(1):29-33.

	39.	 Cho JH, Cho HJ, Lee HY, et al. Neutrophil-lymphocyte ratio in pa-
tients with acute heart failure predicts In-hospital and Long-term 
mortality. J Clin Med. 2020;9(2):557.

	40.	 Li X, Ji Y, Kang J, Fang N. Association between blood neutrophil-
to-lymphocyte ratio and severity of coronary artery disease: evi-
dence from 17 observational studies involving 7017 cases. Medicine 
(Baltimore). 2018;97(39):e12432.

	41.	 Shah N, Parikh V, Patel N, et al. Neutrophil lymphocyte ratio sig-
nificantly improves the framingham risk score in prediction of coro-
nary heart disease mortality: insights from the National Health and 
nutrition examination survey-III. Int J Cardiol. 2014;171(3):390-397.

	42.	 Tse G, Zhou J, Woo SWD, et al. Multi-modality machine learning 
approach for risk stratification in heart failure with left ventricular 
ejection fraction </= 45. ESC Heart Fail. 2020;7:3716-3725.

	43.	 Tse G, Zhou J, Lee S, et al. Multi-parametric system for risk strat-
ification in mitral regurgitation: a multi-task Gaussian prediction 
approach. Eur J Clin Invest. 2020;50(11):e13321.

	44.	 Guo G, Zeng Y, Chen Q, et al. High neutrophil/lymphocyte ratio 
as an independent risk factor for the first occurrence of stroke in 
peritoneal dialysis patients. Iran J Kidney Dis. 2020;14(4):282-289.

	45.	 Goyal N, Tsivgoulis G, Chang JJ, et al. Admission neutrophil-to-
lymphocyte ratio as a prognostic biomarker of outcomes in large 
vessel occlusion strokes. Stroke. 2018;49(8):1985-1987.

	46.	 Zhang J, Ren Q, Song Y, et al. Prognostic role of neutrophil-
lymphocyte ratio in patients with acute ischemic stroke. Medicine 
(Baltimore). 2017;96(45):e8624.

	47.	 Kim J, Song TJ, Park JH, et al. Different prognostic value of white 
blood cell subtypes in patients with acute cerebral infarction. 
Atherosclerosis. 2012;222(2):464-467.

	48.	 Doll DN, Barr TL, Simpkins JW. Cytokines: their role in stroke and 
potential use as biomarkers and therapeutic targets. Aging Dis. 
2014;5(5):294-306.

	49.	 Shichita T, Sugiyama Y, Ooboshi H, et al. Pivotal role of cerebral 
interleukin-17-producing gammadeltaT cells in the delayed phase 
of ischemic brain injury. Nat Med. 2009;15(8):946-950.

	50.	 Liesz A, Hu X, Kleinschnitz C, Offner H. Functional role of regu-
latory lymphocytes in stroke: facts and controversies. Stroke. 
2015;46(5):1422-1430.

	51.	 Juli C, Heryaman H, Nazir A, et al. The lymphocyte depletion in pa-
tients with acute ischemic stroke associated with poor neurologic 
outcome. Int J Gen Med. 2021;14:1843-1851.

	52.	 Shao Q, Chen K, Rha S-W, Lim H-E, Li G, Liu T. Usefulness of neu-
trophil/lymphocyte ratio as a predictor of atrial fibrillation: a meta-
analysis. Arch Med Res. 2015;46(3):199-206.

	53.	 Bazoukis G, Letsas KP, Vlachos K, et al. Simple hematological pre-
dictors of AF recurrence in patients undergoing atrial fibrillation 
ablation. J Geriatr Cardiol. 2019;16(9):671.

	54.	 Iwasaki Y-k, Nishida K, Kato T, Nattel S. Atrial fibrillation patho-
physiology. Circulation. 2011;124(20):2264-2274.

	55.	 Nikoo MH, Taghavian SR, Golmoghaddam H, Arandi N, Ardekani AA, 
Doroudchi M. Increased IL-17A in atrial fibrillation correlates with 
neutrophil to lymphocyte ratio. Iran J Immunol. 2014;11(4):246-258.

	56.	 Liu T, Li L, Korantzopoulos P, Goudevenos JA, Li G. Meta-analysis of 
association between C-reactive protein and immediate success of 
electrical cardioversion in persistent atrial fibrillation. Am J Cardiol. 
2008;101(12):1749-1752.

	57.	 Shao Q, Korantzopoulos P, Letsas KP, et al. Red blood cell distri-
bution width as a predictor of atrial fibrillation. J Clin Lab Anal. 
2018;32(5):e22378.

	58.	 Li X, Peng S, Wu X, et al. C-reactive protein and atrial fibrillation: in-
sights from epidemiological and mendelian randomization studies. 
Nutr Metab Cardiovasc Dis. 2022;32(6):1519-1527.

	59.	 Gong M, Cheung A, Wang Q-S, et al. Galectin-3 and risk of atrial 
fibrillation: a systematic review and meta-analysis. J Clin Lab Anal. 
2020;34(3):e23104.

 23989238, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edm

2.397 by T
est, W

iley O
nline L

ibrary on [17/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 10  |     CHANG et al.

	60.	 Hu Y-F, Chen Y-J, Lin Y-J, Chen S-A. Inflammation and the 
pathogenesis of atrial fibrillation. Nat Rev Cardiol. 2015;12(4):​
230-243.

	61.	 Su Z, Ni P, Zhou C, Wang J. Myeloid-derived suppressor cells in can-
cers and inflammatory diseases: angel or demon? Scand J Immunol. 
2016;84(5):255-261.

	62.	 Delcea C, Buzea CA, Dan GA. The neutrophil to lymphocyte 
ratio in heart failure: a comprehensive review. Rom J Intern Med. 
2019;57(4):296-314.

	63.	 Jhuang YH, Kao TW, Peng TC, et al. Neutrophil to lymphocyte ratio 
as predictor for incident hypertension: a 9-year cohort study in 
Taiwan. Hypertens Res. 2019;42(8):1209-1214.

	64.	 Li J, Chen Q, Luo X, et al. Neutrophil-to-lymphocyte ratio pos-
itively correlates to age in healthy population. J Clin Lab Anal. 
2015;29(6):437-443.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Chang C, Zhou J, Chou OHI, et al. 
Predictive value of neutrophil-to-lymphocyte ratio for atrial 
fibrillation and stroke in type 2 diabetes mellitus: The Hong 
Kong Diabetes Study. Endocrinol Diab Metab. 2023;6:e397. 
doi:10.1002/edm2.397

 23989238, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edm

2.397 by T
est, W

iley O
nline L

ibrary on [17/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/edm2.397

