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High red blood cell distribution
width associated with incident
frailty in patients with
cardiometabolic diseases: A
longitudinal study
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Frailty is an important health issue in older adults that leads to disability and increased mortality. Red
blood cell distribution width (RDW), a measure of variability in red blood cell volume, is associated with
inflammation, anemia, and cardiovascular diseases. This study examined whether high RDW (213.5%)
predicts incident frailty over three years in 469 older adults with cardiometabolic disease but without
baseline frailty, as defined by the modified Cardiovascular Health Study (mCHS) criteria or the Kihon
Checklist (KCL). RDW was measured through a complete blood cell count. Multivariate Cox regression
estimated hazard ratios (HRs) and 95% confidence intervals (Cls) for high RDW and incident frailty,
adjusting for age, sex, body mass index, eGFR, HbAlc, and basely ne mCHS or KCL score, with low
RDW as the reference. During the follow-up period, 29.5% and 24.6% of the patients developed frailty,
as defined by the mCHS and KCL, respectively. High RDW was significantly associated with incident
mCHS- and KCL-defined frailty, with adjusted HRs of 1.62 (95% ClI: 1.10-2.37) and 1.49 (95% Cl: 1.02—
2.34), respectively. Thus, elevated RDW levels (213.5%) were found to be an independent predictor of
the incidence of two distinct types of frailty in older adults with cardiometabolic diseases.
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Frailty is a vulnerable state in which functional reserves decline with age, and stress can lead to disability,
hospitalization, and death!. There are several definitions of frailty, including phenotypic frailty, weight
loss, fatigue, muscle weakness, physical inactivity, and reduced walking speed' as well as frailty based on
comprehensive geriatric assessment® and frailty in a deficit accumulation model®. Frailty occurs in various
conditions, including malnutrition?, inflammation®, diabetes mellitus®, cardiovascular disease’, cognitive
impairment®, anemia’, and polypharmacy!’. As frailty is a reversible condition that can be expected to improve
with appropriate intervention!, it is important to identify a marker that can easily assess the risk of developing
frailty using blood samples in the usual clinical setting.

Red blood cell distribution width (RDW) is a measure of the variability in red blood cell volume and can
be easily and inexpensively measured by complete blood count. An increased RDW level is associated with
malnutrition'"!?, inflammation'?, diabetes (hyperglycemia)'®, hypertension'4, cardiovascular disease'®, chronic
kidney disease (CKD)'¢, dementia!’, and anemia (ineffective erythropoiesis)'®, which are similar to the factors
associated with frailty. High RDW is considered a novel predictor of mortality in patients with heart failure,
cardiovascular disease, pulmonary embolism, cancer, sepsis, and critically ill patientsls.
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Although RDW or hemoglobin-to-RDW ratio has been reported to be associated with frailty in several cross-
sectional studies'??2, few longitudinal studies have been conducted on the relationship between evaluated RDW
and frailty development. Only one study has shown an association between high RDW and progression to frailty
or death in community-dwelling older men?*. Therefore, we investigated whether RDW was associated with
incident frailty in a longitudinal study of outpatients with cardiometabolic diseases who were at a high risk of
frailty.

Results

Baseline characteristics of participants

The clinical characteristics of the participants in the study of incident, modified Cardiovascular Health Study
(mCHS)-defined frailty, and Kihon Checklist (KCL)-defined frailty are shown in Table 1 and Supplementary
Table S1. In the analysis of mCHS-defined frailty, the median age was 78 years, and 62.0% of the patients were
women. The prevalence rates of diabetes mellitus, hypertension, dyslipidemia, stroke, and ischemic heart disease
(IHD) were 48.3, 75.0, 64.2, 10.5, and 13.4%, respectively. According to the mCHS criteria, 70.0% were pre-
frailty, and 30.0% were robust (Table 1). Two participants were taking oral iron tablets at the baseline, and their
RDW levels at the baseline were 14.4% and 15.7%, respectively.

Baseline characteristics in groups with low and high RDW
The high-RDW group had older age, higher prevalence of hypertension, and lower mCHS scores, low-density
lipoprotein (LDL)-cholesterol, estimated glomerular filtration rate (eGFR), handgrip strength, Mini Mental

Total patients without mCHS-defined frailty | Low-RDW group | High-RDW group

(n=424) (n=225) (n=199) p value
Age 78 (74-82) 77 (74-81) 79 (74-83) 0.030*
Sex (women, %) 62.0 60.9 63.3 0.607
BMI (kg/m?) 23.4(21.3-25.9) 23.4(21.3-25.6) 23.5(21.2-26.6) 0.384
MNA-SF score 12 (11-14) 12 (11-14) 12 (11-14) 0.727
hsCRP (mg/dl) 0.07 (0.03-0.15) 0.07 (0.03-0.16) 0.06 (0.03-0.13) 0.199
Albumin (g/dl) 4.0 (3.9-4.3) 4.0 (3.9-4.4) 4.0 (3.8-4.3) 0.004*
Hemoglobin (g/dl) 13.1 (11.5-14.2) 132 (12.5-14.5) | 13.1 (12.3-13.8) 0.074
Diabetes mellitus (%) 48.3 47.1 49.7 0.588
HbAlc (%) 6.3 (5.9-7.0) 6.3 (5.8-7.0) 6.4 (5.9-7.1) 0.127
Hypertension (%) 75.0 71.6 78.9 0.082
Systolic blood pressure (mmHg) | 136 (125-147) 137 (127-148) 135 (124-147) 0.265
Dyslipidemia (%) 64.2 63.6 64.8 0.786
LDL cholesterol (mg/dI) 108 (89—128) 113 (92—132) 104 (86—124) 0.032*
HDL cholesterol (mg/dl) 57 (48-69) 57 (48-69) 56 (48-68) 0.539
TG (mg/dl) 117 (87-167) 119 (91-170) 114 (85-163) 0.292
eGFR (ml/min/1.73m?) 57.2 (47.5-67.2) 59.7 (49.2-67.7) | 54.5 (46.2-67.1) 0.043*
Stroke (%) 10.5 10.1 10.9 0.806
IHD (%) 13.4 13.9 12.9 0.766
Handgrip strength (kg) 22.0 (18.5-28.4) 22.4(19.0-29.0) | 21.4 (18.0-26.9) 0.036*
Walking speed (m/s) 1.20 (1.06-1.36) 1.23 (1.09-1.38) 1.18 (1.01-1.31) 0.001*
Body fat percentage (%) 30.9 (25.5-36.0) 30.7 (25.2-35.9) 31.7 (26.3-36.2) 0.303
Robust/prefrailty/frailty (%) 30.0/70.0/0.0 37.3/62.7/0.0 21.6/78.4/0.0 <0.001*
MMSE score 29.0 (27.0-30.0) 29.0 (27.0-30.0) | 28.0 (26.0-29.0) 0.007*
Number of medications 5(3-7) 4(2-7) 6 (3-8) <0.001*
Polypharmacy (%) 44.6 37.3 52.8 0.001*
LSNS-6 score 13 (9-17) 14 (10-19) 12 (9-16) 0.011*

Table 1. Clinical characteristics of participants at baseline in the low- and high-RDW groups in the study for
the development of mCHS-defined frailty. Categorical and continuous variables were expressed as prevalence
(%) and median (interquartile range). *p <0.05 (chi-squared test for categorical variables and Mann-Whitney
U test for continuous variables). The low- and high-RDW groups were defined as RDW <13.5% and >13.5%,
respectively. RDW: Red blood cell distribution width, BMI: Body mass index, MNA-SF: Mini nutritional
assessment short-form, IHD: Ischemic heart disease, HbAlc: Glycohemoglobin, LDL: Low density lipoprotein,
HDL: High density lipoprotein, TG: Triglyceride, eGFR: Estimated glomerular filtration rate, hsCRP: High
sensitivity C-reactive protein, SMI: Skeletal muscle mass index, mCHS: Modified version of cardiovascular
health study, KCL: Kihon Checklist, MMSE: Mini mental state examination, LSNS-6: Japanese version of the
abbreviated Lubben Social Network Scale-6.
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State Exam (MMSE) scores, and scores on the Japanese version of the Lubben Social Network Scale (LSNS) at
baseline than the low-RDW group (Table 1).

RDW and development of frailty

In the analysis of 424 patients without frailty at baseline, 125 (29.5%) developed mCHS-defined frailty during
a median follow-up period of 1079 days (quartiles: 494-1545 days). Of the 378 patients without frailty at
baseline, 82 (24.6%) developed KCL-defined frailty during a median follow-up period of 1057 days (quartiles:
443-1477 days). The incidence of mCHS-defined frailty was significantly higher in those with a high RDW than
those with a low RDW (38.7% vs. 21.3%, p<0.05). Similarly, the high-RDW group had a higher incidence of
KCL-defined frailty than the low-RDW group (32.0% vs. 18.8%, p <0.05).

Kaplan-Meier survival analyses

The frailty-free survival curves according to the definitions of mCHS and KCL in the low- and high-RDW
groups are shown in Figs. 1A and 1B, respectively. Log-rank tests showed that the high-RDW group was more
likely to have incident frailty according to the mCHS and KCL (p <0.001 and p =0.004, respectively).

Cox regression analyses

The results of the Cox regression analysis are presented in Table 2 and Supplementary Table S2. The age- and
sex-adjusted hazard ratios (HRs) for the incidence of mCHS-defined and that of KCL-defined frailty in the high-
RDW group were 1.80 (95% confidence interval (CI): 1.25-2.60) and 1.64 (95% CI: 1.11-2.42), respectively,
with the low-RDW group as reference (Model 1). Next, in Model 2, further adjusted for body mass index (BMI),
eGFR, HbAlc, and baseline mCHS score, the HR values for incident frailty according to the mCHS and KCL
were 1.62 (95% CI: 1.10 to 2.37) and 1.54 (95% CI: 1.02 to 2.34), respectively. Even when hemoglobin was added
to Model 2, the association between high RDW and mCHS-defined and KCL-defined frailty was significant
or reached significance (HR=1.58, 95% CI: 1.07 to 2.30 and HR=1.50, 95% CI: 0.98 to 2.28, respectively).
Furthermore, the association between a high RDW and both types of frailty remained significant in the analyses
adjusted for high-sensitive CRP test (hsCRP) (Model 4), albumin (Model 5), and MMSE (Model 6), in addition
to the covariates in Model 2 (Supplementary Table S2). An additional analysis was performed in which Model 2
was adjusted for either polypharmacy (Model 7) or the Lubben Social Network Scale-6 (LSNS-6) score (Model
8). The high-RDW group remained at significantly higher risk of developing m-CHS-defined frailty than the
low-RDW group, and the risk of developing KCL-defined frailty was also higher in the high-RDW group
(Supplementary Table S2). We found no interaction effects of diabetes, hypertension, dyslipidemia, or CKD on
the association between high RDW and mCHD-defined frailty.

Discussion

This study showed that a higher RDW (213.5%) was associated with the incidence of frailty according to the
mCHS and KCL in a longitudinal study of older outpatients with cardiometabolic disease. These results are
consistent with those of previous cross-sectional studies showing an association between RDW and prevalent
frailty’®-2%. Some studies have shown an association between a high RDW (>15.7%) and frailty, as assessed
using the Study of Osteoporotic Fractures Index (malnutrition, poor physical performance, and fatigue) in
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Fig. 1. The frailty-free survival curves according to the definition of (A) mCHS and (B) KCL by the low- and
high-RDW groups The low- and high-RDW groups were defined as those with RDW <13.5% and >13.5%,
respectively. The high-RDW group was more likely to have incident frailty according to their mCHS and KCL
scores (p <0.001 and p =0.004, respectively, log-rank test).RDW: red blood cell distribution width, mCHS:
modified version of the Cardiovascular Health Study, KCL: Kihon Checklist.
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mCHS-defined frailty

Groups HR 95% CI p value
Model 1

Low-RDW group | 1 (reference)

High-RDW group | 1.80 1.25-2.60 | 0.002
Model 2

Low-RDW group | 1 (reference)

High-RDW group | 1.62 1.10—2.37 | 0.015
Model 3

Low-RDW group | 1 (reference)

High-RDW group | 1.58 1.07-2.32 | 0.023
KCL-defined frailty

Groups HR 95% CI p value
Model 1

Low-RDW group | 1 (reference)

High-RDW group | 1.64 1.11-2.42 | 0.012
Model 2

Low-RDW group | 1 (reference)

High-RDW group | 1.54 1.02-2.34 | 0.041
Model 3

Low-RDW group | 1 (reference)
High-RDW group | 1.50 0.98-2.28 | 0.063

Table 2. Multivariate Cox regression analyses for the associations between high RDW and the incidence

of mCHS-defined and KCL-defined frailty. The low- and high-RDW groups were defined as RDW < 13.5%

and 2 13.5%, respectively. Model 1: Adjusted for age and sex. Model 2: Further adjusted for BMI, eGFR,

HbAIc, and baseline mCHS or KCL score. Model 3: Model 2 further adjusted for hemoglobin. RDW: Red

blood cell distribution width, mCHS: Modified version of cardiovascular health study, KCL: Kihon Checklist,
HR: Hazard ratio, CI: Confidence interval, BMI: Body mass index, eGFR: Estimated glomerular filtration

rate, HbAlc: Glycohemoglobin.

community-dwelling older adults®®. In a study of older patients with coronary heart disease, higher RDW
(213.5%) was associated with mCHS-defined frailty®!. As only one longitudinal study by Kim et al. showed an
association between high RDW (>15.1%) and the combined outcome of frailty or mortality, a clear association
between RDW and incident frailty has not been demonstrated®. This is the first longitudinal study to show that
high RDW (=13.5%) was associated with the incidence of KCL-defined frailty, based on comprehensive geriatric
assessment, as well as mCHS-defined frailty (frailty phenotype) in older outpatients with cardiometabolic
diseases.

RDW is a measure of anisocytosis or variability in red blood cell size and is associated with anemia and
many other diseases, including diabetes, cardiovascular disease, infection, and cancer'®. As a high RDW is a
strong risk factor for mortality in these patients, those with high RDW values should be more closely monitored
and intensively managed to improve clinical outcomes'®. High RDW can be reduced by exercise training??,
nutritional supplementation?’, and anti-inflammatory drugs such as colchicine and statins?®?’. Because RDW
is a simple and inexpensive test that can be performed during a complete blood count, the measurement of
RDW may be useful for the early detection of frailty and monitoring the effectiveness of frailty interventions
in older adults at high risk for frailty. Importantly, it is shown in the current study that the association between
RDW and frailty was observed independent of BMI, eGFR, and HbA ¢, which are also known to be associated
with frailty and easy to measure at outpatient clinics. Our results suggest that by adding RDW and combining it
with established frailty risk factors, we can estimate the risk of incident frailty more accurately in patients with
cardiometabolic disease. Awareness of RDW could contribute to improving geriatric physicians’ prediction of
frailty in routine outpatient settings.

Although the cause of the association between RDW and incident frailty remains unknown in this study,
inflammation and anemia may be involved in the common mechanism of red cell abnormalities and frailty
development. In a meta-analysis, inflammatory markers, such as CRP, interleukin-6, white blood cells, and
fibrinogen, have been associated with frailty®>. However, in this study, hsCRP levels were similar between the
high- and low-RDW groups and the significant association between high RDW and incident frailty persisted
after adjustment for CRP. Therefore, the association between high RDW and frailty is likely mediated by factors
other than inflammation or subtle local inflammation that is not reflected in CRP levels. Because the association
between high RDW and incident frailty was slightly attenuated after adjustment for hemoglobin, the association
may have been partially mediated by anemia.

Mitochondrial dysfunction?® and oxidative stress*® have been considered to be involved in frailty development.
In our previous longitudinal study, high levels of serum growth differentiation factor 15 (GDF15), a marker
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of mitochondrial dysfunction, were associated with frailty>’. Increased RDW in a mouse model of hypoxia
has been reported to be reduced and lifespan extended when the gene encoding succinate dehydrogenase in
mitochondrial complex II was knocked out®. A systematic review demonstrated that frailty and prefrailty
appear to be associated with higher levels of oxidative stress markers, such as malondialdehyde and isoprostanes,
and lower antioxidant parameters, such as vitamins C and E?°. The in-vitro induction of oxidative stress to red
blood results in increased RDW and decreased erythrocyte volume?2. In some studies, high RDW values have
been associated with increased membrane lipid peroxidation in patients with coronary heart disease®’. Thus,
the association between high RDW and incident frailty may be mediated by mitochondrial dysfunction and
oxidative stress, which were not assessed in this study.

Because diabetes mellitus, hypertension, CKD, and ischemic heart disease are reportedly associated with
RDW and frailty®”13-16, the association between high RDW and incident frailty may be explained by vascular
risk factors and cardiovascular disease. However, there were no significant associations between high RDW and
the prevalence of diabetes, hypertension, dyslipidemia, stroke, or ischemic heart disease in our study, although
eGFR decreased in those with high RDW. Furthermore, the association between RDW and frailty persisted
even after adjusting for HbAlc level, systolic blood pressure, and eGFR. Therefore, vascular risk factors or
cardiovascular diseases may not explain the association between high RDW and incident frailty. Further basic
and clinical research is necessary to elucidate the mechanisms mediating high RDW and the development of
high RDW and frailty.

This study has several strengths. First, it is a longitudinal study with a relatively large sample of patients with
cardiometabolic diseases who are at high risk for frailty, and their frailty status was evaluated multiple times.
Second, the study examined the predictive ability of RDW for the incidence of two types of frailty: mCHS-
defined frailty, a frailty phenotype, and KCL-defined frailty, a frailty based on CGA. Third, we found that the
association between high RDW and incident mCHS-defined frailty remained significant even after adjusting
for BMI, HbAlc, renal function, hsCRP, cognition, polypharmacy, and social network as potential confounders.

However, this study also had several limitations. First, it was conducted exclusively at a single center and
predominantly included Japanese older adults with cardiometabolic diseases. Because it is known that those
with cardiometabolic diseases show higher RDW levels than those without such diseases, it is expected that the
cut-off value of RDW for predicting incident frailty differs from that of the population without cardiometabolic
diseases. However, because other factors such as ethnicity and BMI may influence the strength of the association
and its cut-off point, caution is needed when we try to extrapolate our results to other populations with
cardiometabolic diseases. Second, other confounders for which we did not collect data in this study may remain.
Although the LSNS-6 had little influence on the association between RDW and frailty incidence, we could not
rule out the possibility that social factors that could not be assessed may have influenced the association between
high RDW and the development of frailty. Furthermore, comorbidities that we did not take into account may
also have affected the results.

Third, this study may have been affected by bias owing to untraceable interruptions in following up after the
initial visit. Reasons for loss to follow-up included unwillingness to participate in the frailty examination due to
fear of infection during the pandemic, transfer to another institution or clinic, and loss of interest. Because the
latter half of our study period overlapped with the pandemic, many patients who were lost to follow-up were
unwilling to make an additional visit or extend their frailty evaluations at the Frailty Clinic.

In conclusion, in this longitudinal study, high RDW values were associated with the incidence of the two
types of frailty in older patients with cardiometabolic diseases. Because RDW is easy and inexpensive to perform
with a complete blood count, measuring the complete blood count could contribute to identifying patients at
high risk of developing frailty and conducting early interventions such as nutrition, exercise, and social support.
However, further clinical and basic research is needed to determine whether interventions to reduce RDW, such
as exercise and anti-inflammatory or antioxidative agents, can prevent frailty.

Methods

Participants

A total of 884 patients with cardiometabolic diseases and symptoms of frailty who were referred to the frailty
clinic?® from the Department of Diabetes, Metabolism, and Endocrinology or Cardiology between Aug 2015
and October 2023 were included. The required sample size was calculated based on the following assumptions:
estimated incidence of frailty during the observational period in the low-RDW and high-RDW groups are 30%
and 45%, respectively, with a significance level (a) of 0.05 and a power of 0.80. Based on these parameters, the
required sample size was calculated as 352 (176 per each group). Assuming a dropout rate of 20%, the total
number was calculated as 440. Fifteen patients aged <65 years were excluded. In patients with cardiovascular
diseases, mainly diabetes and hypertension, advanced stages are frequently accompanied by renal impairment,
which itself influences RDW levels and patients’ prognosis. As our aim was to clarify the association between
RDW and frailty in patients with cardiometabolic diseases independent of renal dysfunction, we excluded those
with severe renal impairment, defined as serum creatinine levels of >2 mg/dl (Fig. 2). All participants were
assessed for frailty according to the modified version of the CHS criteria (mCHS)** and KCL* at their first visit
to the frailty clinic. Those with frailty according to both the mCHS and KCL criteria at baseline (n=191) were
excluded from the analysis (Fig. 2). Moreover, those who could not be followed up for the development of frailty
(n=185) were excluded from the analysis (Fig. 2). The remaining 469 participants were followed up annually for
as long as possible to determine whether they developed mCHS- or KCL-defined frailty.

Laboratory examinations
All of the participants underwent blood tests during their frailty clinic visits. RDW was measured using an
automatic hematology analyzer (XR-3000; SYSMEX, Kobe, Japan) when a complete blood cell count was
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Outpatients with cardiometabolic disease suspected of having symptoms of frailty in
the Department of Diabetes, Metabolism and Endocrinology and Cardiology.

|

884 patients visited to the frailty clinic

Excluded 15 patients under 65 years of age ‘

Excluded 24 patients with chronic renal failure (serum creatinine > 2 mg/dl) ‘

Excluded 191 patients with frailty based on both mCHS and KCL criteria ‘

Excluded 185 patients who could not be followed for development of frailty ‘

469 patients were analyzed in this study (All participants in this study) ‘

Excluded 45 patients with mCHS-defined frailty ‘ ‘ Excluded 91 patients with KCL-defined frailty
424 patients were analyzed for the incidence 378 patients were analyzed for the incidence
of mCHS-defined frailty of KCL-defined frailty

Fig. 2. Flowchart of study participants. mCHS: modified version of the Cardiovascular Health Study, KCL:
Kihon ChecKklist.

performed. High and low RDW were defined as>13.5% and < 13.5%, respectively, using the previously reported
cutoff level*!.

Biochemical tests were performed to measure albumin, creatinine, glycosylated hemoglobin (HbAlc), LDL,
high-density lipoprotein (HDL), triglyceride (TG), and hsCRP. The eGFR was then calculated from the serum
creatinine levels, age, and sex using the standard Japanese method*’.

Assessment of frailty

mCHS-defined frailty was diagnosed as having three or more of the following components: weight loss, low
handgrip strength, exhaustion, low walking speed, and low physical activity based on the criteria by Fried et
al! and modified to be adapted to the Japanese population. Those with one or two of these components were
defined as pre-frailty, whereas those with none were defined as robust. Weight loss was assessed by an interview
for weight loss of > 2-3 kg. Exhaustion was assessed by interviews regarding the presence of feeling tired without
areason in the last two weeks. Low walking speed was defined as less than 1.0 m/s on the 4 m walking test. Low
physical activity was assessed through an interview based on whether the participant went out less than once a
week or the frequency had decreased from the previous year®*. Low handgrip strength was defined as less than
18 kg for women and 28 kg for men based on the Asia Walking Group for Sarcopenia criteria’.

The KCL was developed by the Ministry of Health, Labor, and Welfare for the prevention of care for older
adults, and KCL-defined frailty is defined as having at least eight out of 25 items that consist of instrumental
activities of daily living (IADL), physical function, falls, nutrition, oral, social withdrawal, cognition, and
depression®. Those with four to seven of these items were defined as having pre-frailty, and those with three or
fewer items were defined as robust.

Body composition

Body composition was measured at the frailty clinic visit using an InBody770° (InBody Japan, Tokyo, Japan)
based on bioelectrical impedance analysis (BIA)*°. Body fat percentage and skeletal muscle mass index (SMI),
which is the total lean body mass of the extremities divided by the square of the height (kg/m?), were calculated.

Assessment of comorbidities and physical examination

All participants were interviewed regarding comorbidities at their first frailty clinic visit, and the prevalence of
diabetes, hypertension (HT), dyslipidemia, stroke, and IHD was calculated. Height, weight, and blood pressure
were measured for all participants, and BMI was calculated.

Assessment of nutrition, cognitive function, and social network

Nutritional status was assessed using the Mini-Nutritional Assessment-Short Form (MNA-SF)*. Cognitive
function was assessed by the MMSE®!. Social network was assessed by the Japanese version of the abbreviated
Lubben Social Network Scale-6 (LSNS-6)%2.
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Assessment of polypharmacy
The number of medications being taken was counted for all participants, and if they were taking five or more
medications, they were determined to have polypharmacy.

Statistical analysis

Differences in categorical and continuous variables between the low- and high-RDW groups were assessed using
the chi-square test and the Mann-Whitney U test, respectively. Frailty-free survival curves based on the low-
and high-RDW groups were constructed using the Kaplan-Meier method and compared using the log-rank test.
Furthermore, to examine the independent association between high RDW and incident frailty, we performed
a multivariate Cox regression analysis with RDW (high/low) as an explanatory variable. HRs and 95% ClIs for
incident frailty according to the mCHS and KCL criteria were calculated using low RDW as a reference in the
following models: Model 1, adjusted for age and sex; Model 2, further adjusted for BMI, eGFR, HbAlc, and
baseline mCHS or KCL score; and Model 3, further adjusted for hemoglobin levels. Additional multivariate
Cox regression analysis was performed using the covariates in Model 2 plus hsCRP (Model 4), albumin (Model
5), MMSE (Model 6), polypharmacy (Model 7), or LSNS-6 score (Model 8). All statistical analyses were
performed using the SPSS Statistics 20 software package (IBM, Armonk, NY, USA). To explore the interaction
effect of comorbidities on high RDW and frailty, Cox regression analyses stratified by diabetes, hypertension,
dyslipidemia, or CKD (eGFR < 60 ml/min/1.73 m?) were conducted. For all comparisons, statistical significance
was set at p<0.05.

Data availability
Data supporting the findings of this study are available upon request from the corresponding authors. The data
are not publicly available and can compromise patient privacy.
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