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Abstract

Introduction

Percutaneous coronary intervention (PCI) is a widely adopted strategy for managing coronary
artery disease (CAD), leading to improved survival rates, particularly in developing countries.
However, the increased survival of these patients imposes a substantial burden on long-term
management, especially at the primary healthcare level. Recently, the hemoglobin-to-red cell
distribution width ratio (HRR) has emerged as a potentially valuable prognostic biomarker for
post-PCI patients. Despite its accessibility and cost-effectiveness, HRR has not been extensively

investigated in resource-limited settings.

Aim

This study aimed to evaluate the prognostic value of the HRR in predicting 3-year major adverse
cardiovascular events (MACE) among patients undergoing PCI who were managed at the primary

healthcare level.

Methods

We conducted a multicenter prospective cohort study in Vietnam. A total of 626 post-PCI patients
were ultimately included in the final analysis. The study commenced in October 2019 and
concluded in October 2025. The association between HRR and 3-year MACE was evaluated using

Cox proportional hazards regression models.

Results

The MACE incidence decreased progressively across the ascending HRR quartiles (p < 0.001).

According to the unadjusted Cox model, each unit increase in HRR was associated with a lower
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risk of MACE (HR = 0.756; 95% CI, 0.703—-0.814; p < 0.001). This association persisted after
adjustment for age, sex, comorbidities (Model I: HR = 0.810; 95%CI: 0.750-0.878; p < 0.001).
HRR outperformed its individual components, hemoglobin and red cell distribution width.
Subgroup analyses confirmed the consistency of the association across clinically relevant strata.
Calibration and decision-curve analyses further suggested acceptable risk estimation and potential
clinical utility of HRR for 3-year MACE risk stratification. In the discriminative analysis for
predicting 3-year MACE, the HRR had the highest area under the curve outperforming other

inflammation-based indices.

Conclusion

A lower HRR was independently associated with a greater 3-year MACE risk in post-PCI patients.
HRR outperforms commonly used leukocyte- and platelet-derived indices, highlighting its
potential utility as a simple, cost-effective prognostic marker in resource-constrained healthcare

settings.

Keywords: Hemoglobin-to-red cell distribution width ratio, percutaneous coronary intervention,

major adverse cardiovascular events, prognostic biomarker, inflammatory indices
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89 Introduction

90  Cardiovascular diseases (CVD) remain the leading cause of mortality worldwide!. According to
91 2021 statistics, one in three deaths globally are attributable to cardiovascular conditions?. This
92  alarming figure presents a substantial challenge for healthcare systems. To address this pressing
93  issue, advancements in medical science have been made in the areas of the diagnosis, treatment,
94  and prognostic evaluation of CVD, particularly coronary artery disease (CAD)3. Among these
95 advancements, percutaneous coronary intervention (PCI) has become a standard therapeutic
96 approach for managing both acute and chronic CAD. The continuous development of medical
97  technologies, along with the growing demand for effective treatments, has led to a marked increase
98  in the number of PCI procedures performed annually*. This widespread adoption has contributed
99 to a marked reduction in mortality and a clinically meaningful improvement in survival outcomes

100  among patients with CAD?>.

101  However, the increasing number of PCI cases has increased the demand for long-term patient
102  management and follow-up, imposing a considerable burden on primary healthcare systems,
103  particularly in the resource-limited settings of developing countries. Even in developed nations,
104  carly readmission rates among post-PCI patients remain a concern. In the United States, nearly
105  25% of patients who undergo PCI experience early readmission within six months of the
106  procedure®. In developing countries, where primary healthcare facilities often lack diagnostic tools
107  and specialized personnel, managing post-PCI patients becomes especially challenging. Therefore,
108  there is an urgent need to identify simple, accessible, and cost-effective tools for monitoring and

109  predicting outcomes in post-PCI patients.

110  Recent studies have highlighted the role of hematological parameters, such as leukocyte, platelet,

111  and red blood cell indices, in the management and prognostication of CVD7. However, the use
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112 of isolated blood indices for prognostic purposes has certain limitations, particularly due to the
113 lack of comprehensive evaluation when single indices are considered independently. To address
114  this, composite ratios such as the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte
115  ratio (MLR), and systemic immune-inflammation index (SII) have gained increasing attention and
116  have demonstrated superior prognostic value for cardiovascular outcomes!'®'2. These findings
117  suggest that integrating multiple hematological parameters could provide more robust prognostic
118 insights. Moreover, hematological tests are simple, low-cost, and easily accessible, making them

119  well suited for application in primary healthcare settings with limited resources.

120 Among these indices, the hemoglobin-to-red cell distribution width ratio (HRR) has recently
121 emerged as a potential prognostic tool for CVD. A retrospective study demonstrated that HRR is
122 associated with mortality and major adverse cardiovascular events (MACE)'3. Given its simplicity,
123  availability, and ease of implementation, HRR could play a clinically relevant role in predicting
124  outcomes for post-PCI patients in developing countries, providing an accessible means for follow-
125  up inresource-limited settings. However, the HRR has not yet garnered sufficient attention in these

126  regions, and its superiority over previously used indices has not been thoroughly evaluated.

127  This study aims to clarify the prognostic role of the HRR in predicting 3-year cardiovascular
128  outcomes in post-PCI patients, particularly in the context of primary healthcare in developing

129  countries.

130 Methods

131  Study design
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132 This prospective cohort study was conducted between 01/10/2019 and 01/10/2025 at four medical
133 centers in Vietnam: Lam Dong, Hue, Khanh Hoa, and Gia Lai. The study design incorporated
134  elements from the Strengthening the Reporting of Observational Studies in Epidemiology
135  (STROBE) statement to ensure the methodological rigor of the reporting. Ethical approval was
136  obtained from the Ethics Committee of Hue University (Approval number: 918/QD - PHYH), and
137  written informed consent was obtained from all participants. The study adhered to the principles

138  outlined in the Declaration of Helsinki (2013 revision).

139  Study population

140 A total of 1,019 patients who returned for their initial outpatient follow-up visit after PCI and were
141  not readmitted during this period were initially recruited consecutively over time using a
142  convenience sampling approach and were considered eligible for long-term follow-up. Among
143  these patients, 703 met the inclusion criteria and were enrolled in the observational phase, while
144  the remaining 316 met one or more exclusion criteria. Baseline data, including comorbidities,

145  anthropometric measurements, and complete blood count parameters, were collected.

146  All patients received a loading dose of dual antiplatelet therapy (DAPT) in accordance with the
147  guidelines of the European Society of Cardiology!#. Following PCI, DAPT was continued for at

148 least one year, after which antiplatelet monotherapy was maintained in subsequent years.

149  After the 3-year follow-up period, 77 patients were excluded from the final analysis due to loss to

150  follow-up. Ultimately, 626 patients were included in the final analysis.

151  The exclusion criteria were as follows: contraindications to DAPT, nonadherence to prescribed
152  antiplatelet regimens, or inability to tolerate DAPT for at least one year; concomitant serious

153  illnesses (advanced cancer, advanced liver cirrhosis or stage IV—V chronic kidney disease);


https://doi.org/10.64898/2026.07.25.26358909
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.64898/2026.07.25.26358909; this version posted July 27, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

154  indications for cardiac surgery (severe valvular disease); life expectancy less than one year due to
155  underlying conditions; pregnancy or intent to become pregnant; enrollment in other investigational
156  drug or device trials not yet completed; known hematologic disorders (thalassemia, acute blood
157  loss); and confirmed loss to follow-up (defined as failure to contact the patient or their family on
158  at least two separate occasions, in accordance with the follow-up protocol). The detailed sampling

159  process and recruitment sites are illustrated in Supplementary Figure 1.

160 Clinical data collection

161  Baseline clinical information, including sex, age, and detailed medical history (smoking status,
162  hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease, atrial fibrillation, stroke,
163  and heart failure), was collected at enrollment. Vital signs such as heart rate, systolic blood

164  pressure, and body mass index (BMI) were recorded during the initial clinical examination.

165  For laboratory evaluations, fasting venous blood samples were obtained after a minimum of 6
166  hours of fasting. The complete blood count included white blood cells (WBC, G/L), neutrophils
167 (NEU, %), lymphocytes (LYM, %), monocytes (MONO, %), eosinophils (ESO, %), red blood
168  cells (RBC, T/L), hemoglobin (Hb, g/dL), hematocrit (HCT, %), mean corpuscular volume (MCV,
169  fL), mean corpuscular hemoglobin (MCH, pg), mean corpuscular hemoglobin concentration
170 (MCHC, g/dL), red cell distribution width (RDW, %), and platelet count (PLT, G/L). Additional
171  measurements included the estimated glomerular filtration rate (¢GFR) and left ventricular ejection

172 fraction (LVEF).

173 The following indices were calculated on the basis of laboratory parameters: HRR = (Hb % 10) /

174 RDW; NLR =NEU/LYM; MLR = MONO /LYM; SII = (NEU x PLT) / LYM!LI5.16,

175  Follow-up protocol and definition of study endpoints
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176  Clinical follow-up was conducted through scheduled outpatient visits or telephone contact,
177  including communication with family members if the patient could not be reached, in accordance
178  with the predefined follow-up protocol. The primary endpoint was the occurrence of MACE within
179 3 years, defined on the basis of criteria established in previous cohort studies. Specifically, MACE
180  in our study encompassed four components: (1) acute myocardial infarction, including new-onset
181 myocardial infarction or coronary revascularization (either PCI or coronary artery bypass
182  grafting); (2) hospitalization due to heart failure or deterioration in the New York Heart
183  Association (NYHA) functional class by at least one level; (3) new-onset stroke; and (4) all-cause
184  mortality. All MACE events were independently adjudicated by a panel of clinical experts blinded

185  to the participants’ clinical data to ensure unbiased outcome assessment.

186  Statistical analysis

187  All the statistical analyses were conducted via R software version 4.0.3 (R Foundation for
188  Statistical Computing, Vienna, Austria). Missing covariates were handled using multiple
189  imputation. Estimates were pooled using Rubin’s rules. The Kolmogorov—Smirnov test was used
190 to assess the normality of continuous variables. Normally distributed variables are expressed as
191  the means + standard deviations (SDs), whereas nonnormally distributed variables are presented
192  as medians and interquartile ranges (IQRs). Categorical variables are summarized as frequencies
193  and percentages. As the HRR was not normally distributed, it was analyzed both as a continuous
194  variable and as a categorical variable divided by percentile-based cutoffs. Group comparisons were
195  performed via one-way ANOVA for normally distributed data and the Kruskal-Wallis test for
196  nonnormally distributed data, whereas Pearson’s chi-square test was applied for categorical
197  variables. A generalized additive model (GAM) was used to explore the potential nonlinear

198  association between the HRR and the risk of MACE. Survival analysis was performed via Kaplan—
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199  Meier estimates, and differences in survival were assessed via the log-rank test. The associations
200 between the HRR and MACE were examined via Cox proportional hazards regression models,
201  with the HRR treated both as a continuous and a categorical variable. The unadjusted model
202  included the HRR alone; Model I was adjusted for age, sex, BMI, comorbidities; and Model II, II1
203  were further adjusted for other relevant clinical and laboratory parameters. All variables included
204 in the multivariable models were assessed for multicollinearity, with variance inflation factors
205 below 5. Subgroup analyses were performed via stratified Cox regression, in which continuous
206  variables were categorized on the basis of clinical thresholds or tertiles prior to interaction testing,
207 and likelihood ratio tests were used to assess interactions. To compare the prognostic value of the
208  HRR with that of other hematological indices, including the NLR, MLR, and SII, we constructed
209  univariate Cox regression models for each biomarker to estimate hazard ratios (HRs), 95%
210  confidence intervals (Cls), and p values, with model fit assessed via the Akaike information
211 criterion (AIC). Receiver operating characteristic (ROC) curve analysis was performed to obtain
212 the area under the curve (AUC) for each biomarker, and pairwise comparisons of AUCs were made
213 viathe DeLong test. The discriminative ability of each model was further evaluated by calculating
214  the concordance index (C-index), and the optimal cutoff value for each biomarker was determined
215  on the basis of the Youden index. Calibration and clinical utility were evaluated to explore the
216  translational relevance of HRR. Calibration was assessed by comparing predicted and observed 3-
217  year event risks derived from an HRR-based Cox model using Kaplan—Meier estimates across
218  deciles of predicted risk. In addition, decision-curve analysis was conducted to quantify the net
219  clinical benefit of HRR risk stratification across a range of threshold probabilities, relative to treat-
220 all and treat-none strategies. All the statistical tests were two-tailed, with a significance level set

221  atp <0.05, and all the statistical reporting adhered to the Statistical Analyses and Methods in the
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222 Published Literature (SAMPL) guidelines to ensure accuracy and transparency in data

223  presentation'’.

224  Results

225  Baseline characteristics of the study population

226  When the anthropometric parameters and complete blood count indices of the patients across the
227  HRR quartiles were compared, significant differences in age, sex, BMI, and hematological
228  markers, including WBC, RBC, Hb, HCT, and RDW were detected. Additionally, heart failure
229  with reduced ejection fraction, chronic kidney disease, and atrial fibrillation were more prevalent
230 in the lower HRR quartiles (all p < 0.05). The detailed data are presented in Table 1 and

231  Supplementary Table 1.

232  Associations between the HRR and cardiovascular events

233 Figure 1 shows a progressive decline in the incidence of MACE across increasing quartiles of the
234  HRR. Patients in the lowest HRR quartile exhibited the highest overall burden of MACE. The

235  detailed results are presented in Supplementary Table 2.

236  The nonlinear relationship between the HRR and cardiovascular outcomes demonstrated that lower
237  HRR values were associated with a greater probability of all-cause mortality, acute myocardial

238 infarction, heart failure, stroke, and MACE. The detailed results are illustrated in Figure 2.

239  Kaplan—Meier curves of patients with different HRR values

240  The Kaplan—Meier curves revealed a statistically significant difference in the 3-year MACE-free

241  rate between patients stratified by the HRR quartiles. The 3-year MACE-free rates were 34.4% for
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242 Ql, 52.6% for Q2, 61.5% for Q3, and 69.4% for Q4. A clear gradient was observed across the

243 HRR quatrtiles, as illustrated in Figure 3.

244  Results of the adjusted and unadjusted Cox proportional hazard models

245  Cox proportional hazards model analysis revealed a significant inverse association between the
246 HRR and the risk of MACE. In the unadjusted model, higher HRR was significantly associated
247  with a lower risk of MACE (HR 0.756, 95% CI 0.703-0.814; p < 0.001). This inverse association
248  remained significant after adjustment in Model I (HR 0.810, 95% CI 0.750-0.878; p < 0.001).
249  Similar results were observed in the fully adjusted Model II, with HRR continuing to show a
250  protective association with MACE (HR 0.800, 95% CI 0.738-0.868; p < 0.001). The detailed

251  results are presented in Table 2.

252  Supplementary Table 3 shows that the model including HRR achieved better prognostic
253  performance for MACE than models including Hb or RDW alone. The HRR based model
254  demonstrated lower AIC values than the Hb- and RDW-based models, with values of 3159.6
255  compared with 3173.4 and 3170.5. Similarly, BIC values were lower for the HRR-based model,
256  with values of 3207.1 compared with 3220.9 and 3217.9. In addition, the HRR-based model
257  showed a higher C-index than models including Hb or RDW alone, with values of 0.777 compared

258  with 0.766 and 0.775.

259  Subgroup analysis

260  Subgroup analyses confirmed that the inverse association between HRR and 3-year MACE was
261  consistent across all prespecified and exploratory subgroups. The findings remained robust across

262  nearly all strata, with effect estimates that were statistically significant. These results demonstrate
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263 a high level of consistency across subpopulations. Detailed findings are presented in

264  Supplementary Table 4.

265 Comparison of the HRR with leukocyte- and platelet-based inflammatory indices

266 As shown in Supplementary Figure 2, the HRR demonstrated the highest discriminative ability,
267  with an AUC of 0.649, which was significantly superior to those of the MLR (AUC = 0.571, p =
268  0.013), NLR (AUC = 0.557, p = 0.004), and SII (AUC = 0.559, p = 0.004). The detailed results

269  are presented in Supplementary Table S.

270  Calibration and decision-curve analysis

271 Supplementary Figure 3 demonstrated good agreement between predicted and observed 3-year
272 MACE risk across low to intermediate risk ranges, indicating satisfactory calibration of the HRR-
273 based model. At higher predicted risk levels, the model tended to slightly overestimate the
274 observed risk, with wider confidence intervals, suggesting reduced precision in extreme risk strata.
275  Supplementary Figure 4 showed that the HRR-based model provided a higher net benefit than
276  treat-all or treat-none strategies across a wide range of clinically relevant threshold probabilities
277  (approximately 0.20-0.60), indicating meaningful clinical utility for guiding 3-year MACE risk—

278  based decision-making.

279  Discussion

280  To the best of our knowledge, this is the first prospective study in Vietnam to investigate the
281  prognostic value of the HRR for long-term cardiovascular outcomes in a lower-middle-income
282  country. In Vietnam, specialized cardiovascular services are concentrated at large tertiary
283  hospitals, which face substantial patient overload. Strengthening primary care services, local

284  outpatient clinics, and chronic disease management units is critical to alleviating this burden.
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285  However, many of these peripheral healthcare settings lack access to advanced diagnostic tools,
286  limiting their capacity to perform timely cardiovascular risk stratification and follow-up.
287  Therefore, this study aimed to assess whether the HRR—a simple, cost-effective, and routinely

288  available biomarker—could serve as a practical prognostic indicator in these settings.

289  Our findings support the clinical utility of the HRR, demonstrating that lower HRR values are
290 significantly associated with a greater risk of 3-year MACE in patients undergoing PCI. These
291  results are consistent with those of retrospective studies conducted in China, which revealed that
292 a lower HRR was predictive of increased post-PCI mortality among patients with CAD. For
293  example, a study by Zhang et al. revealed significantly greater mortality in the low HRR group

294  than in the high HRR group'3.

295  Previous evidence has revealed a strong association between low Hb levels and increased mortality
296 in patients with CAD'®!°. Anemia is also known to be independently associated with a greater risk
297  of heart failure hospitalization and all-cause mortality in patients undergoing coronary
298  angiography?%?!. Moreover, secondary analyses of the SPRINT trial and large cohorts such as the
299  ARIC confirmed anemia as an independent risk factor for adverse cardiovascular outcomes and
300 death?®?3. Anemia is an independent risk factor for CVD outcomes in the ARIC cohort, a
301 community cohort of subjects between the ages of 45 and 64 years?3. A meta-analysis further
302 demonstrated that anemia significantly worsens the prognosis of acute heart failure, predicting

303  both short- and long-term all-cause mortality and heart failure events?*.

304  On the other hand, elevated RDW has also been identified as a predictor of mortality in patients
305 undergoing PCI. A previous study demonstrated that higher RDW is associated with greater

306 myocardial injury in patients with non-ST-elevation ACS?. In addition, RDW levels are more
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307 elevated in patients with heart failure—particularly those with acute heart failure—compared to
308 those with chronic heart failure?®28, Post hoc analyses from trials such as ODYSSEY
309 OUTCOMES further support that RDW is independently associated with MACE and death in

310  stable post-ACS patients®.

311  Evidence indicating that decreased Hb and elevated RDW are associated with a higher risk of
312  MACE provides an indirect rationale for the prognostic relevance of HRR, which is calculated as
313  the ratio of Hb to RDW. Accordingly, patients with lower HRR values may be at greater risk of
314  experiencing adverse cardiovascular events. However, it remains unclear whether HRR provides
315  prognostic information beyond its individual components, Hb and RDW. In a sensitivity analysis,
316  the association between HRR and 3-year MACE remained statistically significant after additional

317  adjustment for Hb and RDW.

318 In addition to the HRR, inflammatory indices derived from complete blood counts—such as the
319 NLR and SII—also demonstrated prognostic value in our study. These findings align with prior
320 research: the PARIS study reported that an elevated WBC count was an independent predictor of
321 MACE after PCI*°. Similarly, higher pretreatment NLR values have been associated with
322  increased risks of MACE and mortality in patients with acute coronary syndrome!. SII has also
323  been linked to adverse cardiovascular outcomes in individuals undergoing PCI'®. However, when
324  directly compared, HRR demonstrated the highest AUC among these indices for predicting 3-year

325 MACE.

326  The HRR showed good agreement between predicted and observed 3-year MACE risk across low-
327  to intermediate-risk ranges, indicating acceptable calibration. In addition, decision-curve analysis
328 demonstrated a positive net benefit across clinically relevant threshold probabilities, suggesting

329 that HRR may be useful for risk stratification rather than direct therapeutic decision-making.


https://doi.org/10.64898/2026.07.25.26358909
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.64898/2026.07.25.26358909; this version posted July 27, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

330 Importantly, the ability to calculate the HRR and other inflammatory markers from routine
331  complete blood counts has substantial clinical value, especially in resource-limited settings. These
332  biomarkers are simple, inexpensive, and feasible for widespread use at the primary care level.
333 HRR, in particular, should be considered a supportive tool alongside traditional clinical
334  assessments, laboratory evaluations, and established risk scores to enable more accurate and

335  comprehensive risk stratification, thereby improving patient care and outcomes.

336  Limitations

337  Despite the strengths of our prospective, multicenter study design, several limitations should be
338 acknowledged. First, the study population was limited to patients in Vietnam, which may affect
339 the generalizability of the findings to other geographic or ethnic populations. External validation
340 in diverse settings is warranted. Second, although all-cause mortality was chosen as a robust and
341  unbiased endpoint, the study did not differentiate between cardiovascular and noncardiovascular
342  causes of death. This approach was necessitated by the challenges in accurately determining causes
343  of death in Vietnam, where autopsy and systematic cause-of-death classification are not routinely
344  performed owing to cultural, religious, and logistical constraints. Third, excluding patients
345  readmitted before first outpatient follow-up and those unable to maintain DAPT for at least one
346  year likely removes higher-risk individuals, inflating apparent prognostic performance and
347  limiting generalizability. Fourth, blood testing procedures were not fully standardized across
348  different participating centers, which may have introduced inter-laboratory variability. Fifth,
349  inflammatory and nutritional markers, such as CRP, ferritin, vitamin B12, folate, and IL-6, were
350 not routinely measured because these tests are not consistently available in resource-limited
351 primary healthcare settings. Therefore, their potential influence on HRR and any effect

352  modification of the association between HRR and clinical outcomes could not be assessed.
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Conclusions

A lower HRR was significantly associated with an increased risk of 3-year MACE in patients
undergoing PCI. HRR was an independent predictor of adverse cardiovascular outcomes,

outperforming several commonly used inflammation-based indices.
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Figure legends

Figure 1. Incidence of cardiovascular events across the HRR quartiles. Abbreviations: HRR,

hemoglobin-to-red cell distribution width ratio; MACE, major adverse cardiovascular events.

Figure 2. Association between the HRR and the probability of cardiovascular events based
on the generalized additive model. The smooth curve fit between variables is depicted by the

solid red line, whereas the 95% confidence interval is represented by dashed lines.

Figure 3. K-M curves demonstrating differences in the incidence of MACE according to the HRR

group.
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Table 1. General anthropometric parameters and complete blood count indices of the
patients
HRR groups Q1 (<8.51) Q2 (8.51-<9.56) | Q3 (9.56- | Q4 (>10.32) | P value
<10.32)
Number. n 157 156 156 157
Ages (years) 73.00 [65.00 - 69.00 [64.00 - 65.00 61.00 [55.00 | <0.001
80.00] 78.00] [59.00 - - 68.00]
73.00]
Female (%) 55 (35.0) 66 (42.3) 38 (24.4) 21 (13.4) <0.001
BMI (kg/m?) 21.10[19.10 - 22.00 [20.00 - 21.85 23.10[21.20 | <0.001
23.00] 24.00] [20.08 - -25.00]
24.00]
Heart rate 80.00 [68.00 - 76.00 [68.00 - 78.00 78.00 [69.00 | 0.517
88.00] 85.00] [65.75 - - 86.00]
88.25]
SBP (mmHg) 130.00 [120.00 - | 130.00 [120.00 - | 120.00 130.00 0.153
140.00] 150.00] [110.00 - [120.00 -
140.00] 150.00]
Blood count parameters
WBC (G/L) 8.00 [6.80 - 8.04 [6.52 - 8.75[7.05- | 9.08[7.50- |0.002
10.54] 10.33] 10.97] 11.40]
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NEU (%) 66.10 [56.70 - 61.95[54.25- | 64.75 64.20 [56.80 | 0.453
75.40] 73.27] [55.55 - - 75.70]
76.08]
LYM (%) 20.10 [13.30 - 23.63[15.67- | 21.30 22.60 [15.20 | 0.107
28.10] 32.38] [14.43 - -30.90]
28.15]
MONO (%) 7.70 [6.20 - 8.10 [6.27 - 7.45[5.88 - | 7.50[6.30 - | 0.485
10.00] 10.00] 9.70] 9.20]
ESO (%) 2.30[0.90 - 4.10] | 2.15[0.70 - 2.35[0.90 - | 2.00[0.70 - | 0.344
430] 4.90] 4.00]
RBC (T/L) 3.96 [3.54 - 4.35] | 4.15[3.96 - 450[4.23 - | 4.81[4.56- | <0.001
4.43] 4.77] 5.08]
Hb (g/dL) 11.40 [10.40 - 12.60[12.00 - | 13.63 14.90 [14.10 | <0.001
12.10] 13.10] [13.00 - - 15.40]
14.10]
HCT (%) 34.20 [31.90 - 37.90[36.00 - | 41.00 43.80 [41.30 | <0.001
37.10] 40.00] [38.98 - - 45.80]
42.62]
MCV (fL) 89.00 [83.30 - 90.65[86.92- | 90.00 91.20 [87.70 | 0.002
93.40] 93.25] [87.57 - -94.30]

94.10]
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MCH (pg) 29.50 [27.10 - 30.10[29.10- | 30.10 30.70 [29.50 | <0.001
30.80] 31.10] [29.10 - - 31.70]
31.40]
MCHC (g/dL) | 32.70 [32.10 - 3320[32.70- | 33.20 33.60 [33.00 | <0.001
33.70] 33.92] [32.70 - - 34.10]
33.92]
RDW (%) 14.90 [14.10 - 13.80 [13.38 - | 13.70 13.30 [12.90 | <0.001
15.90] 14.40] [13.30 - - 13.70]
14.20]
PLT (G/L) 242.00 [205.00 - | 226.50 [197.00 - | 234.00 231.00 0.244
285.00] 272.00] [195.75- | [201.00 -
271.50] 262.00]
NLR 3.21[1.91-535] |2.51[1.67- 2.95[1.93- [ 2.80[1.81- |0.251
4.66] 5.05] 4.68]
MLR 0.39[0.25 - 0.68] | 0.36 [0.24 - 0.37[0.26- | 0.35[0.25- | 0.233
0.49] 0.50] 0.48]
SII (10°) 7.49 [4.84 - 5.61[3.56 - 6.91[4.31- | 6.60[4.18- | 0.065
14.03] 10.83] 11.79] 11.41]

The values are presented as the medians [IQRs] or n (%) as appropriate. Abbreviations: BMI: Body

mass index; ESO: Eosinophils; Hb: Hemoglobin; HCT: Hematocrit; HRR: Hemoglobin-to-red cell

distribution width ratio; LYM: Lymphocytes; MACE: Major adverse cardiovascular events; MCH:

Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCV:

Mean corpuscular volume; MLR: Monocyte-to-lymphocyte ratio, MONO: Monocytes; NEU:
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Neutrophils; NLR: Neutrophil-to-lymphocyte ratio; PLT: Platelets; RBC: Red blood cells; RDW:
Red cell distribution width; SBP: Systolic blood pressure; SII: Systemic immune-inflammation

index; WBC: White blood cells.
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484  Table 2. Adjusted and unadjusted Cox proportional hazards models for the associations of
485 HRR and HRR quartiles with the risk of MACE.
Variable Unadjusted P Model P Model P Model P
Model HR | value | THR | value | II HR | value I value
(95% CI) 95% 95% HR
CI) CI) 95%
CI)
HRR 0.756 (0.703— | < 0.810 < 0.800 < 0.308 | <
0.814) 0.001 | (0.750— | 0.001 | (0.738— | 0.001 | (0.170-| 0.001
0.878) 0.868) 0.567)
HRR groups
Q4(=10.32) Reference Reference Reference Reference
Q3(9.56-10.32) | 1.315(0.899— | 0.158 | 1.254 0.255 | 1.240 0.280 | 1.257 | 0.280
1.922) (0.850- (0.839- (0.830-
1.850) 1.832) 1.905)
Q2 (8.51-9.56) | 1.795 (1.248— | 0.002 | 1.680 0.009 | 1.688 0.008 | 1.745 | 0.019
2.581) (1.141- (1.146— (1.098-
2.474) 2.486) 2.774)
Q1 (<8.51) 3.172 (2.251- | < 2.756 < 2.870 < 2965 | <
4.471) 0.001 | (1.881— | 0.001 | (1.957— | 0.001 | (1.616- | 0.001
4.039) 4.210) 5.439)
486  Model I was adjusted for age, sex, body mass index, smoking status, hypertension, type 2 diabetes
487  mellitus, dyslipidemia, history of stroke, heart failure with preserved ejection fraction, heart failure
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488  with reduced ejection fraction, chronic kidney disease, and atrial fibrillation. Model II was further
489  adjusted for white blood cell count and platelet count. Model III was additionally adjusted for
490  hemoglobin and red cell distribution width. Abbreviations: CI: Confidence interval; HR: Hazard

491  ratio; HRR: Hemoglobin-to-red cell distribution width ratio.
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