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Purpose: Hemoglobin (Hb) and red blood cell distribution width-standard deviation (RDW-SD) have clinical significance in the
prognosis of heart failure (HF). Little is known regarding the prognostic value of the Hb/RDW-SD ratio in patients with HF. This study
sought to investigate the association between Hb/RDW-SD ratio and HF 3-month readmission in Chinese elderly patients.

Patients and Methods: The present study was a retrospective cohort study. A total of 1816 HF patients were extracted from the
Chinese HF database. A generalized linear model was used to explore the association between Hb/RDW-SD and 3-month readmission
in HF. The generalized additive model was used to explore the nonlinear relationship, and a two-piecewise linear regression model was
used to find the inflection point. Subgroup analysis explored interactions and whether each subgroup was consistent with the primary
outcome direction.

Results: Result showed Hb/RDW-SD was negatively associated with HF 3-month readmission (OR = 0.70, 95% CI: 0.55 to 0.89, P =
0.0031). A non-linear relationship was detected between Hb/RDW-SD and HF 3-month readmission with two inflection points (1.78
and 2.17). Both Hb/RDW-SD < 1.78 and Hb/RDW-SD > 2.17 showed a significant correlation between them, with corresponding
effect values of (OR = 0.38, 95% CI: 0.17 to 0.87, P = 0.0209) and (OR = 0.44, 95% CI: 0.27 to 0.71, P = 0.0007), respectively.
Conclusion: Hb/RDW-SD is negatively associated with HF 3-month readmission. The relationship between Hb/RDW-SD and HF
3-month readmission is also non-linear. Both Hb/RDW-SD < 1.78 and Hb/RDW-SD > 2.17 were strong negatively associated with HF
3-month readmission.
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Introduction

Heart failure (HF) is a quintessential cardiovascular disease of the elderly, with the incidence increasing from 6%
between the ages of 60 and 79 to 12% over the age of 80, while its incidence is likely to continue to rise in the future due
to an aging population." However, China’s elderly population continues to grow and has gradually entered an aging
society. According to the National Bureau of Statistics of China 2020, by the end of 2019, there were approximately
254 million people over the age of 60, accounting for 18.1% of the total population.” Despite the effective treatment of

HF patients, however, surprisingly, all-cause readmission rates for HF have been steadily increasing over the past
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decade.® For the management of clinical patients, HF is a great challenge and requires the active identification of new
risk factors and the development of appropriate treatment plans.

Up to now, there are many clinical variables that can be used to predict the clinical outcome of HF. Hemoglobin (Hb) is an
easily detectable and widely used clinical parameter that has an important impact on the prognosis of patients with HF.*
Anenmia status reflects the nutritional, inflammatory, and general condition of the HF patient.” A study by Felker et al found
that red blood cell distribution width (RDW) is a novel marker of HF prognosis.® In recent years, it has been discovered that
variations in RDW closely correlate with the inflammatory response of the human Body System.”® A previous study also
found RDW to be predictive of various cardiovascular disorders.” However, the prognostic impact of RDW on readmission in
HF patients is not only related to their inflammatory response but is also influenced by complex clinical conditions. In recent
years, several studies have revealed that the hemoglobin to red blood cell distribution width ratio (Hb/RDW) may be a better
choice. This concept was first proposed by Sun et al and confirmed in patients with esophageal squamous cell carcinoma. '’
Subsequently, Qu et al demonstrated that Hb/RDW is an independent risk factor for predicting frailty in patients with coronary
heart disease.'' They both found Hb/RDW to be a better prognostic indicator than either Hb alone or RDW by itself. This is
considered that Ht/RDW combining Hb and RDW can provide more information than a single variable.'®

Considering the research advances mentioned above, perhaps Hb/RDW would be a good option to apply to the
prognostic assessment of readmission for HF patients. However, the study by Hoffmann et al suggests that future studies
on RDW should focus more on red blood cell distribution width-standard deviation (RDW-SD).'? On the one hand, there
is an age dependence of RDW, and on the other hand, RDW is a parameter that lacks international standardization and
may yield different RDW values on devices from different manufacturers.'*"'* Besides, another potential problem with
RDW must be mentioned. The calculation of RDW requires the use of mean red blood cell volume (MCV), which also
has an age dependence, leading to another correlation that may be introduced in the calculation of RDW. Eliminating the
impact of MCV on RDW would make sense. Fortunately, RDW-SD can easily overcome this problem. In conclusion, Hb/
RDW-SD should be a better choice for HF patients when figuring out their risk of being readmitted. However, the study
of the Hb/RDW-SD ratio in HF patients remains scarce, especially in the elderly. So, we analyzed the association
between Hb/RDW-SD ratio and readmission in elderly patients with HF in a Chinese cohort.

Materials and Methods
Data Source

The study’s participants were selected from a Chinese population database that is accessible to the public on PhysioNet
(https://physionet.org/content/heart-failure-zigong/1.3/).!>!'® The databases were created in conformity with the ethical
standards set forth by the Massachusetts Institute of Technology Institutional Review Board (Cambridge, MA, USA).
Author Song, who successfully finished the training program at the National Institutes of Health and was allowed

admission, gathered all the information for this essay (certification number: 42287940).

Study Population

Between December 2016 and June 2019, the study was carried out at the Fourth People’s Hospital in Zigong, Sichuan,
China. The Zigong Fourth People’s Hospital’s Ethics Committee gave its approval to the study (Approval Number: 2020-
010). Since this HF data was obtained from the international public database PhysioNet, the approval of the ethics
committee of this study institution was not required. The informed consent requirement was waived since the patient’s
identity remained anonymous. The study adheres to the Helsinki Declaration. The study reviewed the electronic medical
records of patients with a consecutive diagnosis of HF. Heart failure was defined according to the criteria of the European
Society of Cardiology (ESC).!” The study’s patients with HF had their diagnoses made at the time of admission, and they
were entered into the electronic medical record system using International Classification of Diseases-9 (ICD-9) codes.
A total of 2008 patients were included in the heart failure database. Only those who were 60 years of age or older were

included in this study, and patients who died within three months were omitted.
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Data Collection

The main categories of data collected include the following: demographic data, baseline clinical characteristics,
laboratory results, comorbidities, and outcomes. If a patient was being admitted for the first time, a nurse manually
entered their demographic data into the electronic medical record system. The patient’s age, gender, height, weight,
admission ward, occupation, and date of admission were all listed on the first page of the medical record. Clinical
baseline characteristics were measured on the day of admission, such as temperature, body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), type of HF, and New York Heart Association (NYHA) cardiac
function. Echocardiographic findings included left ventricular ejection fraction (LVEF). Data on the clinical baseline
features was gathered from the initial hospitalization measurement. Results from laboratory tests were gathered on
the day of admission. From the admission records, comorbidities were identified. Laboratory findings were obtained
from day one of hospital admission, including urea, glomerular filtration rate, white blood cell count, moderate to severe
chronic kidney disease with glomerular filtration rate < 60 mL/min (MSCKD), creatinine, red blood cell count, RDW,
RDW-SD, mean corpuscular volume (MCV); mean hemoglobin volume (MCH); mean hemoglobin concentration
(MCHC), hemoglobin, platelet, chloride, sodium, and so on. The target independent variable was Hb/RDW-SD, obtained
at baseline and calculated as Hb divided by RDW-SD. Information on subsequent hospital admissions and mortality was
gathered during mandated follow-up visits at 3 months (the follow-up visit was replaced by a phone call if the patient
was unable to reach the clinical center).

Study Endpoints
The study’s outcome was 3-month readmission in elderly Chinese patients with HF who were older than 60. The first
readmission within three months of hospital release was considered a readmission.

Statistical Analysis

First, the HF patients were stratified by quartiles of Hb/RDW-SD. For continuous variable data, the mean + standard
deviation was used for normal distributions, and the median (quartiles) was used for skewed distributions, while
frequency or percentile was used for categorical variables. The means and proportions of the groups were compared
to see if there were any significant differences using the one-way ANOVA (normal distribution), the Kruskal-Wallis
H-test (skewed distribution), and the chi-square test (categorical variables). Generalized linear model was used to explore
the association between Hb/RDW-SD and 3-month readmission in HF, and adjusted odds ratios (ORs) with 95%
confidence intervals (Cls) were used to measure the risk of 3-month readmission. In accordance with the suggestion
of the STROBE statement,'® we presented the results of unadjusted, minimally adjusted, and fully adjusted analyses
concurrently. Whether covariates need to be adjusted at the statistical level was based on the following principles: we
chose these confounding variables based on their associations with the outcomes of interest or a change in effect estimate
of at least 10%."" The associations between each confounding variable and the outcomes of interest are included in
Supplemental Tables 1-3 To ensure the robustness of the data analysis, we continued with the following data analysis.

We transformed Hb/RDW-SD into a categorical variable stratified to see the relationship with 3-month readmission and
calculated the corresponding P for trend. The aim was to validate the stability of the results of Hb/RDW-SD as
a continuous variable and to observe the possibility of nonlinearity. Since Hb/RDW-SD was a continuous variable, we
also used a generalized additive model (GAM) and curve fitting to try to figure out its nonlinear relationship with
3-month readmission. A two-piecewise linear regression model was used to calculate the threshold effect of Hb/RDW-
SD on 3-month readmission if a possible nonlinear relationship was observed for the curve-fit plots.?’ The threshold level
(ie, the inflection point) was found via trial and error, including the selection of turning points along a predefined interval,
followed by the selection of the turning point that provided the greatest model likelihood. In addition, we compared the
one-line linear regression model to a two-piecewise linear model using a log likelihood ratio test. The subgroup analyses
according to age, gender, diabetes, MSCKD, DBP, SBP, BNP, and NYHA class were performed using stratified logistic
regressions and presented in forest plots. Tests for effect modification by subgroup used interaction terms between
subgroup indicators and Hb/RDW-SD, followed by the likelihood ratio test.
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R version 4.2.0 (The R Foundation for Statistical Computing, Vienna, Austria) and the Empower Stats 4.0 (X&Y solutions,
Inc. Boston MA) were applied for all statistical analysis. Two-sided P < 0.05 was considered statistically significant.

Sensitivity Analysis

To further ensure the stability of the statistical analysis, we did several sensitivity analyses as follows. To account for
missing data, we employed multiple imputation (MI) based on five replications using a chained equation technique in the
R MI procedure.?’ ** Immediately afterwards, the original data sets were compared with the five sets of MI-generated
data for population descriptions. Afterwards, we reanalyzed the unadjusted, minimally adjusted, and fully adjusted
analyses as well as curve fitting and threshold effect analyses with these 6 data sets. The effect values derived from the
five sets of MI interpolated data were combined to determine whether the interpolated data and the original data core
results were consistent.**

We noticed that more than half of the patients in the cohort did not have LVEF values recorded (Supplemental
Table 4). We would have had many missing values if we had utilized the LVEF values as the covariate directly. Instead,
we used the LVEF values’ presence or absence as the covariate. As a result, a covariate that indicated whether LVEF was
recorded was added to our models.”

Results

A total of 1816 patients (40.42% male and 59.58% female) were eventually extracted from the database. Patients aged 60—
69 years accounted for 19.99%, those aged 70—79 years accounted for 39.21%, and those >80 years accounted for 40.80%.
The mean value of Hb was 113.62 + 23.91, the mean value of RDW-SD was 48.90 + 6.28, and the mean value of Hb/RDW-
SD was 2.37 + 0.58. The occupational distribution of HF patients included 1520 (84.87%) urban residents, 173 (9.66%)
farmers, and 98 (5.47%) in other occupations. At the 3-month follow-up, 458 (25.22%) people were readmitted.

Baseline Characteristics of the Study Participants
Table 1 describes the baseline characteristics of the HF population by quartiles of the Hb/RDW-SD. In this study, patients
with HF were divided into different subgroups using Hb/RDW-SD quartiles (0.44-2.01, 2.01-2.42, 2.42-2.79, 2.79—
4.14). We found that in the highest Hb/RDW-SD group, HF patients generally had higher DBP, GFR, Hb, albumin, total
bilirubin, and lower creatinine, urea, RDW-SD, potassium, and BNP.

Univariate Analysis

Table 2 presents the results of the univariate analysis. The results of univariate analysis showed that MSCKD, diabetes,
creatinine, urea, potassium, and total bilirubin were positively associated with 3-month readmission. However, SBP, DBP,
GFR, Hb/RDW-SD, and sodium were negatively associated with 3-month readmission. We also found that among age, 60—
69 years was negatively associated with 3-month readmission compared with 80+ years; among occupation, farmer was
negatively associated with 3-month readmission compared with urban residents; and among NYHA class, class IV was
positively associated with outcome and class II was negatively associated with outcome compared with class III.

The Results of Relationship Between Hb/RDW-SD and 3-Month Readmission

We used logistic regression model to evaluate the associations between Hb/RDW-SD and HF readmission within 3 months.
Meanwhile, Table 3 shows the unadjusted, minimally adjusted, and fully adjusted models. In crude model, Hb/RDW-SD
showed negative correlation with HF readmission within 3-month (OR = 0.73, 95% CI: 0.61 to 0.87, P = 0.0006). In
minimally adjusted model (adjusted age and gender), the result did not have an obvious change (OR =0.74, 95% CI: 0.62 to
0.89, P =0.0017). In the fully adjusted model (adjusted age, gender, occupation, MSCKD, SBP, DBP, type of HF, diabetes,
creatinine, urea, GFR, albumin, potassium, sodium, BNP, total bilirubin, NYHA class, presence of LVEF), we could also
detect the association (OR = 0.70, 95% CI: 0.55 to 0.89, P = 0.0031). For the considerations of stability of the analysis, we
used Hb/RDW-SD as a categorical variable (quartile), and in the fully adjusted model, the highest quartile reduced
readmission by 35% compared with the lowest quartile. Meanwhile, we also found that the trend across the different
models of the quartiles was significant (P for trend = 0.0033, 0.0097, and 0.0226, respectively).
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Table |1 The Baseline Characteristics of Participants
Hb/RDW-SD QI (0.44 to <2.01) Q2 (2.01 to <2.42) Q3 (2.42 to <2.79) Q4 (2.79 to <4.14) P-value
Participants 448 446 448 448
Age, years, n (%) <0.001
280 220 (49.11%) 207 (46.41%) 166 (37.05%) 139 (31.03%)
70-79 178 (39.73%) 178 (39.91%) 190 (42.41%) 158 (35.27%)
60-69 50 (11.16%) 61 (13.68%) 92 (20.54%) 151 (33.71%)
Gender, n (%) <0.001
Female 274 (61.16%) 295 (66.14%) 273 (60.94%) 225 (50.22%)
Male 174 (38.84%) 151 (33.86%) 175 (39.06%) 223 (49.78%)
Occupation, n (%) 0.693
Urban Resident 376 (85.26%) 378 (86.30%) 375 (85.03%) 372 (83.41%)
Farmer 45 (10.20%) 40 (9.13%) 38 (8.62%) 45 (10.09%)
Others 20 (4.54%) 20 (4.57%) 28 (6.35%) 29 (6.50%)
BMI, kg/m? 2125 £ 4.12 20.75 + 3.47 21.18 + 3.66 21.85 + 4.09 <0.001
SBP, mmHg 132.92 + 25.07 132.74 + 22.72 131.75 + 22.66 131.06 + 24.88 0.616
DBP, mmHg 7459 + 13.32 76.87 + 14.05 77.58 = 13.91 7753 = 14.67 0.004
Creatinine, pmol/L 122.70 (72.80-183.90) 88.90 (67.75-121.95) 82.15 (63.20-108.20) 78.30 (63.40-103.60) <0.001
Urea, mmol/L 11.01 (6.88-16.03) 8.25 (5.84-11.34) 7.39 (5.74-10.11) 7.20 (5.52-9.77) <0.001
GFR, mL/min/1.73 m? | 40.34 (25.14-70.00) 56.83 (41.02-81.18) 68.44 (48.64-92.39) 73.20 (54.11-93.40) <0.001
RDW (%) 16.79 + 2.58 14.81 £ 1.31 14.27 + 1.08 13.83 £ I.16 <0.001
RDW-SD, fL 54.02 + 8.03 49.23 + 4.46 47.28 + 3.94 45.07 + 3.79 <0.001
Hb, g/L 84.28 + 18.19 109.80 + 10.44 122.94 + 10.89 137.63 + 13.62 <0.001
Albumin, g/L 33.99 £ 473 36.06 + 431 37.40 + 443 3841 + 445 <0.001
Cystatin, mg/L 1.59 (1.23-2.26) 1.55 (1.20-2.15) 151 (1.21-2.11) 1.54 (1.22-2.28) 0.310
MCYV, fL 91.77 + 861 91.95 + 8.80 92.66 + 8.37 91.89 + 9.25 0.430
MCH, pg 29.81 +3.38 29.84 + 3.52 30.21 £ 3.14 29.88 + 3.57 0.254
MCHC, g/L 32429 £ 13.57 323.94 £ 1542 325.82 * 13.69 324.71 £ 1331 0.212
Potassium, mmol/L 4.09 £ 0.75 4.00 £ 0.70 3.94 + 0.66 3.87 = 0.60 <0.001
Sodium, mmol/L 13821 + 4.65 138.42 + 4.95 138.59 + 4.97 138.20 £ 5.06 0.594
BNP, pg/mL 840.81 (341.78-1956.94) | 853.22 (391.23-1944.24) | 780.23 (308.85-1574.08) | 620.11 (216.44—1527.81) | 0.001
Total bilirubin, pmol/L | 15.00 (9.35-25.55) 18.10 (12.50-29.13) 18.50 (12.80-26.87) 19.00 (13.40-27.40) 0.002
MSCKD, n (%) <0.001
No 291 (64.96%) 332 (74.44%) 353 (78.97%) 377 (84.34%)
Yes 157 (35.04%) 114 (25.56%) 94 (21.03%) 70 (15.66%)
(Continued)
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Table 1 (Continued).
Hb/RDW-SD QI (0.44 to <2.01) Q2 (2.0l to <2.42) Q3 (2.42 to <2.79) Q4 (2.79 to <4.14) P-value
Type of HF, n (%) 0.003
Both 352 (78.57%) 339 (76.01%) 336 (75.00%) 302 (67.41%)
Left 84 (18.75%) 95 (21.30%) 106 (23.66%) 133 (29.69%)
Right 12 (2.68%) 12 (2.69%) 6 (1.34%) 13 (2.90%)
Diabetes, n (%) 0.125
No 328 (73.21%) 351 (78.70%) 336 (75.00%) 353 (78.79%)
Yes 120 (26.79%) 95 (21.30%) 112 (25.00%) 95 (21.21%)
NYHA class, n (%) 0.122
1] 223 (49.78%) 230 (51.57%) 230 (51.34%) 239 (53.35%)
\% 161 (35.94%) 132 (29.60%) 141 (31.47%) 123 (27.46%)
I 64 (14.29%) 84 (18.83%) 77 (17.19%) 86 (19.20%)
Readmission within 3-month 0.012
No 321 (71.65%) 324 (72.65%) 330 (73.66%) 360 (80.36%)
Yes 127 (28.35%) 122 (27.35%) 118 (26.34%) 88 (19.64%)
LVEF (%) 53.13 + 12.51 50.00 + 12.10 50.31 + 13.79 50.62 + 13.28 0.194
Presence of LVEFR 0.192
n (%)
No 323 (72.10%) 304 (68.16%) 305 (68.08%) 293 (65.40%)
Yes 125 (27.90%) 142 (31.84%) 143 (31.92%) 155 (34.60%)

Notes: Results in table: Mean+SD; Median (Q1-Q3); n (%).

Abbreviations: Q, quartile; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; GFR, glomerular filtration rate; Hb, hemoglobin; RDWY, red
blood cell distribution width; RDW-SD, standard deviation of red blood cell distribution width; MCV, mean corpuscular volume; MCH, mean hemoglobin volume; MCHC,
mean hemoglobin concentration; BNP, B-type natriuretic peptide; MSCKD, moderate to severe chronic kidney disease with glomerular filtration rate < 60 mL/min; HF, heart
failure; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction.

Table 2 The Results of Univariate Analysis

Statistics OR (95% CI) P-value

Occupation

Urban Resident 1520 (84.869%) Ref

Farmer 173 (9.659%) 0.481 (0.310, 0.746) 0.00109

Others 98 (5.472%) 1.028 (0.647, 1.634) 0.90534
MSCKD

No 1372 (75.634%) Ref

Yes 442 (24.366%) 1.471 (1.160, 1.864) 0.00144

(Continued)
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Table 2 (Continued).

Statistics OR (95% CI) P-value

Age

280 741 (40.804%) Ref

70-79 712 (39.207%) 1.048 (0.830, 1.324) 0.69107

60-69 363 (19.989%) 0.715 (0.527, 0.969) 0.03070
SBP 132.02 + 23.86 0.988 (0.983, 0.992) <0.00001
DBP 76.66 + 14.01 0.988 (0.981, 0.996) 0.00326
Type of HF

Both 1345 (74.064%) Ref

Left 427 (23.513%) 0.575 (0.437, 0.757) 0.00008

Right 44 (2.423%) 0.673 (0.320, 1.413) 0.29491
Diabetes

No 1391 (76.597%) Ref

Yes 425 (23.403%) 1.344 (1.055, 1.712) 0.01657
Creatinine 109.99 + 76.31 1.002 (1.001, 1.003) 0.00494
Urea 9.56 + 5.26 1.045 (1.025, 1.065) <0.00001
GFR 65.58 + 33.53 0.993 (0.989, 0.996) 0.00001
Hb 113.62 £ 2391 0.995 (0.991, 1.000) 0.04262
RDW 14.92 + 2.00 1.076 (1.023, 1.132) 0.00455
RDW-SD 48.90 * 6.28 1.032 (1.016, 1.049) 0.00012
Hb/RDW-SD 2.37 £ 0.58 0.728 (0.608, 0.872) 0.00058
Potassium 3.98 + 0.68 1.289 (1.108, 1.499) 0.00098
Sodium 138.36 + 4.90 0.952 (0.932, 0.972) <0.00001
BNP 1283.96 + 1361.78 1.000 (1.000, 1.000) 0.00102
Total bilirubin 21.77 £ 14.60 1.010 (1.003, 1.017) 0.00541
NYHA class

Il 933 (51.377%) Ref

v 562 (30.947%) 1.435 (1.137, 1.811) 0.00239

| 321 (17.676%) 0.679 (0.492, 0.939) 0.01906

Abbreviations: Cl, Confidence; Ref, Reference.

The Analyses of Non-Linear Relationship
The smooth curve was constructed by GAM to identify whether there is a nonlinear relationship between Hb/RDW-SD

and HF readmission within 3 months. From Figure 1, we can see that there is a nonlinear relationship between Hb/RDW-
SD and HF readmission within 3 months (after adjusting for age, gender, occupation, MSCKD, SBP, DBP, type of HF,
diabetes, creatinine, urea, GFR, albumin, potassium, sodium, BNP, total bilirubin, and NYHA class). To find the possible
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Table 3 Relationship Between Hb/RDW-SD and HF 3-Month Readmission in Different Models

Variable

Crude Model (OR, 95% ClI, P)

Model I (OR, 95% CI, P)

Model Il (OR, 95% CI, P)

Hb/RDW-SD

0.73 (0.61, 0.87) 0.0006

0.74 (0.62, 0.89) 0.0017

0.70 (0.55, 0.89) 0.0031

Hb/RDW-SD (quartile)

Ql Ref Ref Ref

Q2 0.95 (0.71, 1.28) 0.7403 0.96 (0.72, 1.29) 0.8070 1.02 (0.73, 1.43) 0.9088

Q3 0.90 (0.67, 1.21) 0.5000 0.92 (0.69, 1.24) 0.5932 0.88 (0.62, 1.26) 0.4939

Q4 0.62 (0.45, 0.84) 0.0024 0.64 (0.47, 0.88) 0.0065 0.65 (0.44, 0.96) 0.0309
P for trend 0.0033 0.0097 0.0226

Notes: Crude model: we did not adjust other covariates. Model I: we adjusted age, gender. Model II: we adjusted age, gender, occupation, MSCKD, SBP, DBP,
type of HF, diabetes, creatinine, urea, GFR, albumin, potassium, sodium, BNP, total bilirubin, NYHA class, presence of LVEF.

inflection point, we performed the calculation by using a two-piecewise linear regression model. The results showed two
inflection points for Hb/RDW-SD, 1.78 and 2.17, respectively (p-value of log-likelihood ratio is 0.002). Both Hb/RDW-
SD < 1.78 and Hb/RDW-SD > 2.17 showed a significant correlation between Hb/RDW-SD and HF 3-month readmission,
with corresponding effect values of (OR = 0.38, 95% CI: 0.17 to 0.87, P = 0.0209) and (OR = 0.44, 95% CI: 0.27 to 0.71,
P = 0.0007), respectively (Table 4).

Probability of readmission within 3-month

0.8

0.6

1 2 3 4
Hb/RDW-SD

Figure | The non-linear relationship between Hb/RDW-SD and HF 3-month readmission. A non-linear relationship between them was detected after adjusting for age,
gender, occupation, MSCKD, SBP, DBP, type of HF, diabetes, creatinine, urea, GFR, albumin, potassium, sodium, BNP, total bilirubin, NYHA class, presence of LVEF.
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Table 4 Threshold Effect Analysis of Hb/RDW-SD on HF Readmission Within 3-Month Using Piece-Wise
Linear Regression

HF Readmission Within 3-Month (OR, 95% CI) P-value

Fitting model by standard linear regression | 0.70 (0.55, 0.89) 0.0031
Fitting model by two-piecewise linear regression
Inflection points of Hb/RDW-SD 1.78, 2.17
<1.78 0.38 (0.17, 0.87) 0.0209
1.78-2.17 1.02 (0.16, 6.34) 0.9815
>2.17 0.44 (0.27, 0.71) 0.0007
P for log likelihood ratio test 0.002

Notes: We adjusted age, gender, occupation, MSCKD, SBP, DBP, type of HF, diabetes, creatinine, urea, GFR, albumin, potassium, sodium,
BNP, total bilirubin, NYHA class, presence of LVEF.

The Results of Subgroup Analyses
By performing subgroup analysis, we further explored other risks between Hb/RDW-SD and HF readmission within 3
months to assess other factors that may affect the outcome (Figure 2). A significantly stronger negative association between

Subgroups N OR (95%CI) P value P for interaction

Age, years \ 0.0145
>80 663 1.00 (0.68, 1.46) —— 0.9928
70-79 640  0.47(0.32,0.67) @~ <0.0001
60-69 317 0.83(0.44, 1.54) »—0—:—« 0.5485

Gender ' 0.3235
Female 974 0.65(0.48,0.87) ro— ! 0.0039
Male 646  0.81(0.56, 1.18) —e— 0.2806

Diabetes i 0.1006
No 1231 0.62 (0.47,0.82) o | 0.0006
Yes 389 1.02(0.60, 1.73) —e—— 0.9452

MSCKD : 0.0166
No 1225 0.60 (0.46, 0.79) ro— ! 0.0003
Yes 395 1.20(0.73,1.98) —o— 0.4642

SBP, mmHg X 0.2992
<140 953 0.65(0.48, 0.86) o | 0.0031
>140 667  0.84(0.56, 1.26) — i 0.3892

DBP, mmHg E 0.0377
<90 1276 0.63 (0.49, 0.81) o | 0.0004
>90 344 1.24(0.67,2.27) —le——— 0.4918

BNP, pg/ml ! 0.0014
<400 499 0.43(0.29,0.63) re— <0.0001
>400 1121 0.91(0.68, 1.22) — r—i 0.5405

NYHA class : 0.0119
11 843 0.52(0.37,0.73) +e— E 0.0001
v 493 0.86(0.57, 1.28) —.— 0.4466
1 284 1.64(0.75,3.59) ! TS 0.2164

0.0 1.0 2.0 3.0 4.0
Risk Reduce Readmission Risk Increase

Figure 2 The association between Hb/RDW-SD and the risk of HF readmission within 3-month in various subgroups.
Notes: Above model adjusted for age, gender, occupation, MSCKD, SBP, DBP, type of HF, diabetes, creatinine, urea, GFR, albumin, potassium, sodium, BNP, total bilirubin,
NYHA class, presence of LVEF. In each case, the model is not adjusted for the stratification variable.
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Hb/RDW-SD and HF readmission within 3 months was found among those aged 70 to 79 (OR =0.47, 95% CI: 0.32 to 0.67)
than in those aged >80 (OR = 1.00, 95% CI: 0.68 to 1.46) and those aged 60 to 69 (OR = 0.83, 95% CI: 0.44 to 1.54)
(P-interaction = 0.0145). Similar results were found when without MSCKD (OR = 0.60, 95% CI: 0.68 to 1.46)
(P-interaction = 0.0166); DBP<90 (OR = 0.63, 95% CI: 0.49 to 0.81) (P-interaction = 0.0377); BNP<400 (OR = 0.43,
95% CI: 0.29 to 0.63) (P-interaction = 0.0014); NYHA class III (OR =0.52, 95% CI: 0.37 to 0.73) (P-interaction = 0.0119).
In contrast, the weaker association were detected in the population with age (60—69 or >80), MSCKD, DBP>90, BNP>400,
and NYHA class (Il or IV).

Sensitivity Analysis

As can be seen in Supplemental Table 4, there is no missing data for the dependent variable. However, some of the other

variables had missing data. For example, urea was missing in 21 cases, GFR 57 cases, RDW-SD 25 cases, Hb 23 cases,
and total bilirubin 89 cases. To verify the stability of the data analysis, we employed MI based on five replications using
a chained equation technique in the R MI procedure. Supplemental Table 5 shows a comparison of the population

descriptions of the original data and the five sets of data made by interpolation. As can be seen from Supplemental
Table 5, there is no statistical difference between the original data and the interpolated 5 sets of data for all the variables

(P > 0.9). Supplemental Table 6 shows the variability of the data before and after MI for the multivariate analysis. The

combined values of the effect values for the five sets of data generated by MI were approximately the same as the effect
values for the three sets of models before interpolation. Supplemental Figure 1 shows that the trends of the smoothing

curves for each of the six data sets are also approximately the same.

Discussion

Our study showed a negative relationship between Hb/RDW-SD and HF readmission within 3 months after adjusting for
other covariates. Besides, through GAM, our study found a nonlinear relationship between Hb/RDW-SD and HF
readmission within 3 months. A two-piecewise linear regression model found two inflection points at 1.78 and 2.17.
Both Hb/RDW-SD < 1.78 and Hb/RDW-SD > 2.17 showed a significant negative correlation between Hb/RDW-SD and
HF 3-month readmission. Subgroup analysis found that effect sizes were generally consistent across subgroups and
consistent with the primary outcome of this study.

The global incidence and prevalence of heart failure is approaching an epidemic, as evidenced by rising HF
hospitalizations, rising deaths, and rising costs associated with patient care. Globally, HF affects nearly 23 million
people. In the United States, the latest epidemiological data indicates that 5.7 million Americans suffer from HF. It is
estimated that by 2030, the prevalence will increase by 25% from current estimates.”® The estimated overall prevalence
of symptomatic HF in the European population is similar to that in the United States, ranging from 0.4% to 2%.%” As
China is the largest developing country in the world and will soon enter into an aging society, this value will only be
higher, and the clinical pressure of managing HF patients will be heavier. From this perspective, it is very valuable to
effectively identify and intervene in the risk factors of readmission in patients with HF after discharge. Timely
intervention may prevent volume overload and readmissions in HF patients, and at least some HF readmissions appear
to be avoidable.”®

To our knowledge, this is the first use of Hb/RDW-SD to explore its association with HF readmission in a Chinese
elderly population. The Hb/RDW-SD ratio combines information from both routine blood tests to measure the prognostic
aspects of HF, which are readily available. Studies have shown that hemoglobin is an important predictor of HF
prognosis. Low hemoglobin is common in HF patients and is often associated with poor clinical status and poor
prognosis.”’ Hemoglobin is a marker that can reflect the severity of HF, which can reflect malnutrition and inflammation
in the body. However, the activation of proinflammatory cytokines observed in HF patients may have multiple deleterious
consequences.” RDW-SD is a quantitative measure of cellular heterogeneity independent of MCV and more accurately
reflects changes in red blood cell size.'> The study by Felker et al found that higher red cell distribution width was
associated with worse prognosis in HF.® RDW-SD is usually elevated in the presence of ineffective erythropoiesis (eg,
folate deficiency, iron deficiency) and increased red blood cell destruction (eg, hemolysis). Conceivably, RDW-SD may
represent multiple pathological processes in HF (eg, nutritional deficiencies, inflammation) that could explain its
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association with clinical outcomes in HF. HF is not a single disease but a clinical syndrome with diverse manifestations.
Thus, the pathophysiology of HF is complex and highly variable, with many overlapping pathogenic mechanisms that
vary in importance. In patients with normal cardiac structure and function, substantial damage to the heart (eg, acute
myocarditis) is required to cause clinical manifestations of HF. In patients with abnormal cardiac structure and function at
baseline, minor changes (eg, atrial fibrillation or ischemia) may contribute to the onset of HF. Various “amplification
mechanisms” persist and contribute to myocardial decompensation regardless of baseline cardiac conditions. These
mechanisms include neurohormonal and inflammatory activation, among others. Taken together, we can see that
hemoglobin, as well as RDW-SD, appears to be consistently on track with multiple “amplification mechanisms”
impacting HF prognosis. This is exactly what we wanted to explore the relevance of Hb/RDW-SD ratio to HF
readmission within 3 months.

Our study has a number of strengths. First, we not only used a generalized linear model to explore the linear
relationship between Hb/RDW-SD and HF 3-month readmission, but we also used a generalized additive model to
explore the nonlinear relationship between them. GAM has unique advantages in exploring the nonlinear relationship
between exposure variables and dependent variables; it can not only handle nonparametric smoothing problems but also
fit data through regression splines. Using GAM can help us better explore the true relationship between exposure and
dependent variables. Second, this is an observational study, in which there are inevitably some confounding factors, so
we screen and adjust the confounding factors through strict statistics, so as to reduce the impact of confounding factors
on the results as much as possible. Third, by using effect modifier factor analysis, the data from this study can be used
more fully. Subgroup analysis found a significantly stronger negative correlation between Hb/RDW-SD in people aged
70 to 79 years, without MSCKD, DBP < 90, BNP <400, and NYHA class III. Fourth, we performed sensitivity analysis
by multiple interpolation. The interpolated five data sets did not differ from the original in terms of population
description. In addition, the validation was also performed before and after interpolation on the generalized linear
model, GAM, and smoothing curve, respectively, and the results were shown to be stable.

Patients with HF still have a high risk of readmission within 3 months after discharge. Therefore, prevention of
readmission has been a focus of attention. As noted above, timely intervention in patients with HF can prevent
readmissions, and at least some HF readmissions appear to be avoidable.”® A systematic evaluation showed that
a quarter or more of the readmissions could have been avoided.>® Our study found that patients with HF had
a reduced risk of readmission when Hb/RDW-SD < 1.78 and Hb/RDW-SD > 2.17. However, this characteristic was
not found in those who were in the range of 1.78 to 2.17. Specifically, as seen in Figure 1, a large number of people are in
the interval 1.78 to 2.17, suggesting that interventions for this population are necessary. Since Hb as well as RDW-SD are
two very easily available indicators, they are very beneficial for the prognostic management of HF. Through this study,
clinicians can be guided to keep the Hb/RDW-SD ratio of HF patients below 1.78 or above 2.17 as much as possible in
the prognostic management and follow-up of HF. For patients in the range of 1.78 to 2.17, intensive intervention, follow-
up, and guidance are necessary. It is conceivable that with the cooperation of physicians as well as patients, the risk of HF
readmission can be improved to some extent, thus reducing the medical burden on the whole society.

Several limitations of the study should be mentioned. First, our findings may not be suitable for generalization to other
populations, as the population included in this study included only the elderly population residing in Zigong, Sichuan
Province, China. Second, some of the variables in our data have missing data, which may cause some bias in the results.
However, we used multiple interpolation for validation, and the results showed that the results of this study were stable Third,
due to the fact that our study is an observational study, we cannot exclude the effect of unmeasured confounding on the
results. Large-scale clinical trials and mechanistic studies are needed to validate our findings. Fourth, some variables like
valvular disease and the etiology of heart failure are missing, so it is hoped that they will be included in future studies.

Conclusions

Hb/RDW-SD is negatively associated with HF 3-month readmission. The relationship between Hb/RDW-SD and HF
3-month readmission is also non-linear. Both Hb/RDW-SD < 1.78 and Hb/RDW-SD > 2.17 were strong negatively
associated with HF 3-month readmission.
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