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Lower haemoglobin-to-red blood cell
distribution width ratio is independently
associated with frailty in community-
dwelling older adults: a cross-sectional

study

Mengpei Zhu
Zhifan Xiong?

ABSTRACT

Objectives The importance of blood cell markers in frailty
has been studied. However, research on haemoglobin-
to-red blood cell distribution width ratio (HRR) and frailty
in older persons is still limited. We investigated the
association between HRR and frailty in older adults.
Design Cross-sectional population-based study.

Setting Community-dwelling older adults older than 65
years were recruited from September 2021 to December
2021.

Participants A total of 1296 community-dwelling older
adults (age >65 years) in Wuhan were included in the
study.

Main outcome measures The main outcome was the
presence of frailty. The Fried Frailty Phenotype Scale was
used to evaluate the frailty status of the participants.
Multivariable logistic regression analysis was performed to
determine the relationship between HRR and frailty.
Results A total of 1296 (564 men) older adults were included
in this cross-sectional study. Their mean age was 70.89+4.85
years. Receiver operating characteristic curve analysis showed
that HRR is a good predictor of frailty in older people, the area
under the curve (AUC) was 0.802 (95% Cl: 0.755 to 0.849),
and the highest sensitivity was 84.5% and the specificity

was 61.9% with the optimal critical values 9.97 (p<0.001).
Multiple logistic regression analysis indicated that lower HRR
(<9.97) (OR: 3.419, 1.679 t0 6.964, p=0.001) is independently
associated with frailty in older people, even after adjusting
confounding factors.

Conclusion Lower HRR is closely associated with an
increased risk of frailty in older people. Lower HRR may
be an independent risk factor for frailty in community-
dwelling older adults.

INTRODUCTION

As life expectancy increases, human societies
are ageing globally, in both developed and
developing countries.' By 2050, the propor-
tion of people aged over 60 years is projected
to increase from 11% to 22%, and the number
of people aged over 60 years will increase
from 605million to 2.1billion, including
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Frailty was diagnosed by following Fried’s frailty
phenotype.

= This cross-sectional analysis was performed in a
medium-volume population.

= Some variables were self-reported, but the best
available measures were used.

= The study reflects the situation of older adults in
Wuhan, China, and the generalisability needs to be
further verified.

= This was a cross-sectional study that cannot assess
the cause—effect relationship.

425 million people aged over 80 years in the
world.? Frailty becomes an emerging global
public health burden, with the rapid growth
of the global ageing population. Frailty is
considered to be a complex age-related clin-
ical condition characterised by a decline in
the physiological function of multiple organs,
with a resultant increased vulnerability to
stressors.” It is related to adverse health-
related events, including increased mortality,
hospitalisation, falls and fractures, cognitive
decline, disability and admission to long-term
care.! Therefore, early identifying modifiable
risk factors of frailty is becoming increasingly
crucial for delaying and reversing frailty and
its associated adverse events in older persons.”

As an important part of complete blood count
(CBC), haemoglobin (Hb) is usually used as an
indicator of the degree of anaemia. However,
previous studies showed that low Hb reflects to
a decline in physiological function including
decreased immune response, malnutrition
and low resistance to external invasion.® Mean-
while, there are several studies indicated that
Hb is related to frailty in older persons.7_10 Red
blood cell distribution width (RDW) is a simple
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parameter of CBC, which reflects the degree of heterogeneity
of the erythrocyte volume, and is traditionally used for the
differential diagnosis of anaemia."" However, with the deep-
ening of the study, it was found to be related to the prognosis
of many diseases. Increased RDW reflects dysregulation of
erythrocyte homeostasis, which may be attributed to various
underlying metabolic abnormalities such as shortened telo-
mere length, oxidative stress, inflammation, malnutrition,
dyslipidaemia, hypertension, erythrocyte fragmentation and
altered erythropoietin function."

Inflammation has been identified as a potential cause
of frailty." Inflammation in response to elevated RDW
may be highly correlated with frailty. Hou et al”® indi-
cated that RDW is significantly associated with the risk
of frailty in older patients with coronary heart disease
(CHD). In addition, studies showed that increased RDW
is associated with frailty both in older inpatients and in
community-dwelling older people.'*'® However, it is still
controversial whether RDW alone can predict frailty,'® '’
The Hb-to-RDW ratio (HRR) is a cheap, rapid and readily
available novel prognostic, which combines the prog-
nostic information of Hb and RDW and reflects a more
comprehensive health status.'® '® Recently, Qu et al'®
found that lower HRR is independently related to the risk
of frailty in older patients with CHD. They verified that
HRR may be a more useful biomarker compared with
RDW or Hb alone.'’

Studies have shown a significant association of HRR
with frailty in specific populations (patients with CHD).'®
However, research on HRR and frailty in general older
persons is still limited, and the significance of evaluating
frailty is not yet clear. In the present study, we investigated
the relationship between HRR and frailty in community-
dwelling older adults.

MATERIAL AND METHODS

Patient and public involvement

The source population was the community-dwelling adults
older than 65 years living in communities in Wuhan. The
study population consisted of a random sample of older
people from each community. Inclusion criteria were the
community-dwelling adults older than 65 years living in
communities in Wuhan. Exclusion criteria were malig-
nant disease or advanced organic diseases, haematologic
diseases, acute stage of disease and participants missing
the key parameters.

Participants and sociodemographic characteristics

In this study, we recruited 1296 community-dwelling
adults older than 65 years living in communities in
Wuhan between September 2021 and December 2021.
Sociodemographic characteristics, including age, gender,
education years, marital status, smoking history, alcohol
consumption and comorbidities, including hypertension,
diabetes, CHD, hyperlipidaemia and cerebrovascular
disease, were recorded. The body mass index (BMI),

waistline, blood pressure and pulse rate were measured
by two professional clinicians.

Peripheral blood parameters

Blood samples were collected, and full blood count
was measured by an automated haematology analyzer
(Mindray, BC-7500, China). Other related biochemical
indicators were detected by an automatic biochemical
analyzer (Beckman, AU680, American). HRR=Hb (g/L)/
RDW (%).

Fried’s frailty phenotype

According to Fried’s frailty phenotype, we evaluated frailty
in five criteria, as follows: (1) Weight loss: unintentional
weight loss >5% or a loss of more than 4.5kg in the past
lyear. (2) Physical weakness: a dynamometer was used for
participants for three trials, and the maximum value was
recorded. Low grip strength was defined according to the
standards proposed by Fried et al' (3) Slowness: slowness
was defined as when the time required to walk 4.6 m was
more than 7sformen (height<173 cm) and women (height
<159cm) or more than 6s for men (height >173cm) and
women (height >159cm). (4) Physical activity: low physical
activity was defined as <383 kcal/week for men and <270
kcal/week for women. (5) Exhaustion: exhaustion was
assessed by the following two questions from the center
for epidemiological-Depression Scale (CES-D). ‘In the
last week, I felt that everything I did was an effort’ and
‘Could not get going in the last week’. If the participant
responded ‘yes’ to either of these questions, the participant
was considered exhausted. Participants with >3 indicators
were defined as frail, 1-2 as prefrail, and none as robust.

Patient and public involvement statement
Patients and/or the public were notinvolved in the design,
conduct, reporting, or dissemination of this research.

Statistical analysis

Continuous and categorical variables were expressed as
the mean SD and numbers with percentages, respectively.
The baseline characteristics of the groups were compared
using a one-way analysis of variance and % test. The predic-
tive value of HRR for frailty was assessed by receiver oper-
ating characteristic curve (ROC) analysis. The prognostic
value of lower HRR on frailty was assessed using the logistic
regression model. Variables were selected as candidates for
the multivariate analysis when p<0.1 in the univariate anal-
ysis. After adjustment for confounding factors including
age, gender, marital status, education years, living alone,
BMI, diabetes, RBC, albumin, triglyceride, high-density
lipoprotein cholesterol (HDL-C) and low-density lipopro-
tein cholesterol (LDL-C), the independent risk factors for
frailty in older adults were assessed. Kendall’s tau-b correla-
tion analysis was used to assessing the correlation between
lower Hb, lower RDW, lower HRR and frailty in older adults.
The p value<0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS (V.26.0, IBM
Corporation).
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Table 1 Baseline characteristics of the study population stratified by frailty
Robust Prefrail Frailty

Characteristics (n=714) (n=477) (n=105) P value
Age, years (SD) 69.81+3.89 71.71+5.34 70.89+4.85 <0.001
Male gender, n (%) 347 (48.60) 184 (38.57) 33 (31.43) <0.001
Marital status

Married, n (%) 622 (87.11) 408 (85.53) 77 (73.33) 0.001

Other*, n (%) 92 (12.89) 69 (14.47) 28 (26.67)
Education years

0-12, n (%) 466 (65.27) 337 (70.65) 85 (80.95) 0.002

>12, n (%) 248 (24.73) 140 (29.35) 20 (19.05)
Alone living, n (%) 74 (10.36) 53 (11.11) 22 (20.95) 0.006
Smoking, n (%) 90 (12.61) 44 (9.22) 10 (9.52) 0.165
Drinking, n (%) 92 (12.89) 50 (10.48) 10 (9.52) 0.345
Hypertension, n (%) 314 (43.98) 212 (44.44) 56 (53.33) 0.192
Diabetes mellitus, n (%) 81 (11.34) 82 (17.19) 20 (19.05) 0.006
Cardiac diseases, n (%) 46 (6.44) 41 (8.60) 11 (10.48) 0.194
Cranial vascular disease, n (%) 24 (2.94) 15 (3.14) 4 (3.80) 0.938
BMI, kg/m2 (SD) 24.69+3.05 24.32+3.14 23.83+3.51 0.011
Waist circumference, cm (SD) 86.99+8.66 86.32+8.57 85.42+9.46 0.143
SBP, mmHg (SD) 141.61+18.53 142.73+17.74 143.01+19.37 0.516
DBP, mmHg (SD) 83.77+10.44 82.87+9.75 80.44+10.91 0.006
Heart rate, beats/min (SD) 79.9+13.4 79.8+£13.2 81.1£13.0 0.659
WBC, 10°/L (SD) 6.39+1.51 6.36+1.56 6.29+1.69 0.781
Neutrophils, 10°/L (SD) 3.89+1.22 3.86+1.26 3.96+1.29 0.699
Lymphocytes, 10°/L (SD) 1.95+0.58 1.96+0.64 1.76+0.59 0.007
Eosinophils, 10°/L (SD) 0.14+0.12 0.14+0.12 0.15+0.18 0.628
PLT, 10°/L (SD) 212.4+52.2 216.3+52.0 207.9+66.1 0.251
RBC, 10°/L (SD) 4.73+0.41 4.51+0.42 4.41+0.65 <0.001
Haemoglobin, g/L (SD) 145.51+12.15 137.29+11.79 129.55+13.73 <0.001
Anaemia, n (%) 6 (0.84%) 17 (3.56%) 21 (20%) <0.001
RDW, % (SD) 12.89+0.55 13.15+0.69 13.88+1.39 <0.001
HRR 11.31+1.02 10.47+1.05 9.43+1.41 <0.001
FBG, mmol/L (SD) 6.28+1.59 6.37+1.90 6.56+2.13 0.278
Albumin, g/dL (SD) 46.23+2.19 45.86+2.47 45.13+2.90 <0.001
Globulin, g/dL (SD) 30.26+3.44 30.64+3.65 30.55+5.25 0.194
Triglyceride, mmol/L (SD) 1.49+0.85 1.46+0.90 1.44+0.85 0.883
Total cholesterol, mmol/L (SD) 5.17+1.04 5.19+1.15 4.96+1.05 0.122
HDL-C, mmol/L (SD) 1.50+0.39 1.54+0.42 1.54+0.38 0.333
LDL-C, mmol/L (SD) 3.03+0.82 3.02+0.90 2.82+0.88 0.060

*Including separated, divorced, never married or widowed.

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HRR, haemoglobin-to-RDW ratio;
LDL-C, low-density lipoprotein cholesterol; PLT, platelet count; RBC, red blood cell; RDW, red blood cell distribution width; SBP, systolic blood pressure; WBC, white

blood cell.

RESULTS

Characteristics of the study population

A total 0of 1296 (564 men) older adults were included
in our study. Their mean age was 70.89+4.85 years.
Of the 1296 participants, 582 (44.9%) had hyper-
tension, 183 (14.1%) were patients with diabetes,
98 (7.6%) had cardiac diseases and 43 (3.3%)
had cranial vascular disease. The proportions of

individuals with a habit of smoking and drinking
were 11.1% and 11.7%, respectively. And 149
(11.5%) older adults were living alone. According to
Fried’s frailty phenotype, there were 55.09% (714)
in the robust group, 36.81% (477) in the prefrail
group and 8.10% (105) in the frail group. The base-
line characteristics of the three groups were shown
in table 1.
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ROC curve for HRR (A), Hb (B) and RDW (C). (A) ROC curve indicated that the best intercept value for HRR was 9.97

(sensitivity 84.5%, specificity 61.9%, AUC=0.802, p<0.001). (B) ROC curve indicated that the best intercept value for Hb was
131.5 (sensitivity 81%, specificity 57.1%, AUC=0.742, p<0.001). (C) ROC curve indicated that the best intercept value for RDW
was 13.45 (sensitivity 56.2%, specificity 81.1%, AUC=0.712, p<0.001). Hb, haemoglobin; HRR, Hb-to-RDW; RDW, red blood

cell distribution width; ROC, receiver operating characteristic.

ROC curve analysis

The predictive value of HRR for frailty in older adults
was assessed by ROC analysis. The AUC for HRR in the
frailty older adults was 0.802 (95% CI: 0.755 to 0.849), the
highest sensitivity was 84.5% and the specificity was 61.9%
with the optimal critical value 0of 9.97 (figure 1). The AUC
for Hb was 0.742 (95% CI: 0.691 to 0.793), the highest
sensitivity was 81% and the specificity was 57.1% with
the optimal critical value of 131.5 (figure 1). The AUC
for RDW was 0.712 (95% CI: 0.651 to 0.772), the highest
sensitivity was 56.2% and the specificity was 81.1% with
the optimal critical values of 13.45 (figure 1). Compared
with Hb and RDW alone, HRR was a more strong prog-
nostic biomarker for frailty.

Differences in clinical characteristics of the study population
stratified by HRR

According to ROC analysis, the optimal critical value of
HRR was 9.97. Participants were grouped according to the
optimal critical values of HRR, as follows: 1046 (80.71%)
in the normal HRR group and 250 (19.29%) in the
lower HRR group (table 2). Compared with the normal
HRR group, the lower HRR group had a higher lympho-
cytes count (p=0.002) and RDW (p<0.001), but lower
Hb (p<0.001), RBC (p<0.001) and albumin (p<0.001).
Compared with the normal HRR group, the lower HRR
group was more likely to have frailty (p<0.001).

Logistic regression analysis

Among 1296 older adults, 105 (8.10%) were considered
frail. Multiple logistic regression analysis was conducted
to assess the associations of the lower HRR with frailty.
Unadjusted model 1 showed that lower Hb (OR: 2.129,
1.133 to 4.001, p=0.019) and lower HRR (OR: 3.285,
1.676 to 6.440, p=0.001) were risk factors related to frailty,
whereas lower RDW (OR: 0.310, 0.193 to 0.497, p<0.001)

was a protective factor. After adjustment for confounding
factors (including age, gender, marital status, educa-
tion years, living alone, BMI, diabetes, RBC, albumin,
triglyceride, HDL-C and LDL-C), there was a significant
association of lower HRR (OR: 3.419, 1.679 to 6.964,
p=0.001) and lower RDW (OR: 0.285, 0.170 to 0.477,
p<0.001) with frailty (table 3). Lower HRR was inde-
pendently related to frailty in older adults.

Correlation analysis

Correlation analysis indicated that there was an obvious
positive correlation between RDW (Kendall’s tau-b=0.173,
p<0.001) and frailty. Nevertheless, HRR (Kendall’s tau-
b=-0.239, p<0.001) and Hb (Kendall’s tau-b=-0.194,
p<0.001) were a negative correlation with frailty (table 4).

DISCUSSION
Frailty, as a geriatric syndrome, has attracted more and
more scientific attention in the background of contin-
uously increasing global population ageing.” In this
cross-sectional study including 1296 community-dwelling
older adults, we found that lower HRR is independently
related to frailty in older people, even after adjusting
confounding factors (p=0.001). Multiple logistic regres-
sion analysis showed that lower HRR is associated with a
threefold more likelihood or odds of frailty (OR=3.419,
95% CI 1.679 to 6.964). ROC analysis showed that the
AUC of HRR was 0.802, the highest sensitivity was 84.5%
and the specificity was 61.9% with the optimal critical
value of 9.97. The results of the present study confirmed
that HRR was also significantly associated with frailty in
general older people, not only in patients with CHD in
previous studies.

HRR is a cost-effective, common and accessible labo-
ratory parameter for clinicians. As a novel inflammatory
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Table 2 Baseline characteristics of the study population stratified by HRR

Characteristics Normal HRR (n=1046) Lower HRR (n=250) P value
Age, years (SD) 70.50+4.64 72.50+5.40 <0.001
Male gender, n (%) 501 (47.9) 63 (25.2) <0.001
Marital status

Married, n (%) 901 (86.14) 206 (82.4) 0.133
Other*, n (%) 145 (13.86) 44 (17.6)

Education years

0-12, n (%) 691 (66.06) 197 (78.8) <0.001
>12, n (%) 355 (33.94) 53 (21.2)

Alone living, n (%) 114 (10.90) 35 (14.0) 0.167
Smoking, n (%) 129 (12.33) 15 (6.0) 0.004
Drinking, n (%) 136 (13.0) 16 (6.4) 0.004
Hypertension, n (%) 456 (43.59) 126 (50.4) 0.052
Diabetes mellitus, n (%) 140 (13.38) 43 (17.2) 0.120
Cardiac diseases, n (%) 82 (7.84) 16 (6.4) 0.439
Cranial vascular disease, n (%) 32 (3.06) 11 (4.4) 0.288
BMI, kg/m? (SD) 24.56+3.07 24.15+3.36 0.026
Waist circumference, cm (SD) 86.90+8.51 85.45+9.37 0.143
SBP, mmHg (SD) 142.3+18.3 141.3+18.5 0.611
DBP, mmHg (SD) 83.7+10.2 80.9+10.1 0.004
Heart rate, beats/min (SD) 80.2+13.4 79.0£12.7 0.362
WBC, 10°/L (SD) 6.39+1.49 6.28+1.75 0.556
Neutrophils, 10°/L (SD) 3.89+1.19 3.86+1.43 0.441
Lymphocytes, 10°/L (SD) 1.96+0.59 1.86+0.69 0.002
Eosinophils, 10°/L (SD) 0.14+0.11 0.15+0.17 0.621
PLT, 10°/L (SD) 212.3+50.8 218.3+62.8 0.264
RBC, 10°/L (SD) 4.71+0.38 4.27+0.56 <0.001
Haemoglobin, g/L (SD) 145.08+10.98 124.90+8.46 <0.001
RDW, % (IQR) 12.89+0.51 13.79+1.09 <0.001
FBG, mmol/L (SD) 6.36+1.77 6.24+1.70 0.166
Albumin, g/dL (SD) 46.18+2.27 45.30+2.69 <0.001
Globulin, g/dL (SD) 30.35+3.45 30.72+4.58 0.708
Triglyceride, mmol/L (SD) 1.48+0.87 1.42+0.83 0.755
Total cholesterol, mmol/L (SD) 5.17+1.07 5.10+1.27 0.041
HDL-C, mmol/L (SD) 1.50+0.39 1.58+0.42 0.539
LDL-C, mmol/L (SD) 3.03+0.85 2.91+0.87 0.019
Frailty status

Robust, n (%) 669 (63.96) 45 (18.0) <0.001
Prefrail, n (%) 337 (32.22) 140 (56.0)

Frailty, n (%) 40 (3.82) 65 (26.0)

Normal HRR=HRR above 9.97, Lower HRR: HRR below 9.97 (optimal cutoff value of the ROC curve).

*Including separated, divorced, never married or widowed.

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein
cholesterol; HRR, haemoglobin-to-RDW ratio; LDL-C, low-density lipoprotein cholesterol; PLT, platelets count; RBC, red blood
cell; RDW, red blood cell distribution width; ROC, receiver operating characteristic; SBP, systolic blood pressure; WBC, white
blood cell.
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Table 3 Multiple logistic regression analysis of blood parameters and frailty in older adults

Model 1 Model 2
OR (95% Cl) P value OR (95% Cl) P value
Categorical variable
Lower Hb 2.129 (1.133 to 4.001) 0.019 1.163 (0.562 to 2.409) 0.684
Lower RDW 0.310 (0.193 to 0.497) <0.001 0.285 (0.170 to 0.477) <0.001
Lower HRR 3.285 (1.676 to 6.440) 0.001 3.419 (1.679 to 6.964) 0.001

Lower Hb: <131.5g/L, lower RDW: <13.45%, lower HRR: <9.97 (optimal cutoff value of the ROC curve). Model 1, unadjusted; model 2,
adjusted for age, gender, marital status, education years, alone living, BMI, diabetes, RBC, albumin, triglyceride, HDL-C and LDL-C.

BMI, body mass index; Hb, haemoglobin; HDL-C, high-density lipoprotein cholesterol; HRR, haemoglobin-to-RDW ratio; LDL-C, low-density
lipoprotein cholesterol; RDW, red blood cell distribution width; ROC, receiver operating characteristic.

factor, Qu et al'® found that HRR is significantly associ-
ated with frailty in older patients with CHD. In their study
the AUC of HRR in the frailty patients was exceed Hb
and RDW alone, and after adjusting confounding factors
lower HRR was a risk factor for frailty in older patients
with CHD. These findings are consistent with our results.
Now the pathophysiological mechanism has not been
fully understood. We try to provide a possible explana-
tion for the association between HRR and frailty in older
adults.

A decrease in HRR may be due to low Hb, high RDW
or both. As we all know, low Hb indicates a condition of
anaemia, which is one of the acknowledged risk factors for
hospitalisation, morbidity and mortality in older people.?!
Anaemia decreases the oxygen-carrying capacity, leading
to tissue hypoxia and even organ failure, especially in older
patients, increasing the risk of frailty.** Besides, anaemia
can cut down submaximal and maximal aerobic capacity,
leading to several adverse outcomes including loss of
muscle strength, cognitive decline and development of
frailty.'’ In addition, chronic conditions and comorbid-
ities lead to a low grade of inflammation-reducing Hb
level,23 also known as chronic disease anaemia, which
is the most common type of anaemia in older adults.?
And a state of chronic inflammation has been suggested
as contributor to frailty.** Furthermore, anaemia caused
by malnutrition is also a significant health-affecting factor
among older adults.”

Anaemia, reaching a prevalence of 17% in older people,
isa threat to healthy ageing.” Pires Corona et al’ found that
lower Hb and anaemia were related to frailty in Brazilian
older adults. In their study, anaemia was related to low

Table 4 Correlation analysis of Hb, RDW, HRR and frailty in
older adults

Kendall’s tau-b* P values
Hb -0.194 <0.001
RDW 0.173 <0.001
HRR -0.239 <0.001

*Correlation is significant at the 0.01 level (2-tailed).
Hb, haemoglobin; HRR, haemoglobin-to-RDW ratio; RDW, red
blood cell distribution width.

physical activity, weakness (weaker) and walking more
slowly. Another study from Spain indicated that anaemia
is independently associated with frailty in older people.*®
Moreover, Xu et al’ found that Hb is closely associated
with frailty in older patients in the hospital. A systematic
review and meta-analysis including 19 studies indicated
that older adults with anaemia have more than a twofold
increased odds of frailty.”” Silva et a® suggested that lower
Hb levels should be considered a significant component
of frailty in older persons. Similarly, another meta-analysis
including 32934 robust participants and 6864 frail partic-
ipants found that Hb is a useful biomarker of frailty.’”
However, there were no significant association between
lower Hb and frailty after adjusting confounding factors
in our study. The discrepancy in results may be due to the
definition of lower Hb being determined by the optimal
cutoff value of the ROC curve in this research. Therefore,
further studies are needed to confirm the relationship
between Hb and frailty in older people.

An increasing RDW also can lead to low HRR. Studies
have proved that increased RDW is related to inflam-
mation. Inflammatory cytokines reduce erythropoietin
gene expression and erythropoietin receptor expres-
sion, which leads to the release of immature erythro-
cytes and the heterogeneity of the erythrocyte volume
increasing.” * In addition, metabolic abnormalities
including shortened telomere length, oxidative stress and
malnutrition may also contribute to increased RDW.'" !
What’s more, others have suggested that RDW may be
a potential biomarker for biological ageing.” Study has
indicated that a high RDW was related to a high sarco-
penia risk.” Sarcopenia, which plays a key role in frailty, is
a progressive loss of skeletal muscle mass and strength.*®

RDW is a biomarker of inflammation, oxidative stress,
poor nutritional status, ageing and sarcopenia, and all
of these could be underlying reasons for the develop-
ment of frailty. A study that enrolled 3635 community-
dwelling older men indicated that participants with a
high RDW are more likely to have functional limitations
and frailty.”’ Li et al'” indicated that increased RDW may
be closely related to frailty through inflammation. Hou
et al”® proved that frailty is closely associated with RDW
in older patients with CHD. Another study including
2932 community-dwelling older adults found RDW is
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independently associated with high frailty risk even after
adjusting for potential confounding factors.'*

Increased RDW combined with anaemia is more likely
to lead to decreased HRR. Elevated RDW suggests chronic
inflammation, malnutrition and ageing."' Anaemia is the
cause of reduced tissue oxygenation and the consequent
increase in fatigue, weakness and functional impairment.”
Also, anaemia may affect muscle mass and strength loss
through inflammatory pathways.”® Therefore, decreased
HRR may be associated with sarcopenia, slowness, weak-
ness, inflammation, malnutrition and weight loss in frailty
patients.

To sum up, a large number of researchers have veri-
fied the association between frailty and a low Hb and a
high RDW among older persons. However, both RDW
and Hb are susceptible to many other disease conditions
and sub-health states; HRR may provide a more powerful
parameter than a single parameter alone. Moreover, ROC
analysis showed that the AUC and highest sensitivity of
HRR are higher than RDW and Hb. It may be a more
reliable and effective marker than Hb and RDW alone.

This inexpensive and common laboratory parameter
may provide useful information to identify the risk of frailty
in older adults. Furthermore, the use of HRR may help
clinicians to identify people at high risk of frailty and take
effective measures to reduce the occurrence and develop-
ment of frailty, reduce the rate of disability and mortality
related to frailty in the elderly, and reduce the waste of
medical resources, and promote healthy ageing.

There were also some limitations of our present study.
First, because cross-sectional studies measure the outcome
and the exposures in the study participants at the same
time, it is difficult to assess the cause—effect relationship.
Second, our participants are limited to local participants;
these findings need to be validated in different popula-
tions around the world. What is more, we are unable to
investigate the temporal relation between outcomes and
risk factors. In addition, despite the inevitable selection
bias and information bias in cross-sectional studies, we
improved this problem through more rational statistical
methods and interviewer training. Finally, we did not assess
iron, folic and vitamin B ,, which may affect RDW and Hb
levels.
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CONCLUSION

In conclusion, alow HRR is independently associated with
higher frailty risk in community-dwelling older adults. And
this relationship is not affected by confounding factors.
However, the causal relationship and the specific mech-
anism between HRR and frailty are unclear. Evidence is
needed from prospective studies to verify these conclu-
sions in the future.
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