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Abstract
Objective: This study aims to evaluate the relationship between serum retinol binding protein levels and
sarcopenia in elderly general hospitalized patients.

Methods: This cross-sectional study included 682 elderly patients with Barthel-index ≥100 on admission.
Sarcopenia was de�ned according to the recently updated Asian Sarcopenia Working Group 2019 criteria.
The skeletal muscle mass index was measured by dual-energy X-ray absorptiometry. Serum prealbumin,
albumin, hemoglobin, blood creatinine, alanine aminotransferase, aspartate aminotransferase, and retinol
binding protein are also detected. Multivariate logistic regression analysis was used to evaluate the
association between serum RBP levels and sarcopenia, and to adjust for potential confounding factors.

Results:There are 105 cases of sarcopenia, 56 males and 49 females. The total prevalence of sarcopenia
is 15.40% in general inpatients, of which 16.47% are males and 14.33% are females.For men and women,
it was observed that the serum retinol binding protein in sarcopenia patients was signi�cantly lower than
that without sarcopenia (24.43±8.12 vs 29.98±9.91, P<0.001) and(23.27±5.13 vs 28.35±6.63, P <
0.001),The fully adjusted model showed that male and female low retinol binding protein participants
had a 2.341(1.176,4.660) and 2.911(1.324-6.400) times higher risk of sarcopenia than normal retinol
binding protein respectively.

Conclusion: Low levels of retinol binding protein are associated with an increased risk of sarcopenia in
elderly general hospitalized patients.

Introduction
Sarcopenia is a progressive and generalized skeletal muscle disorder involving the accelerated loss of
muscle mass and function that is associated with increased adverse outcomes including falls, functional
decline, frailty, and mortality [1]. Malnutrition is an important cause of sarcopenia and the main target of
its intervention [2]. The Asian sarcopenia working group (AWGS) recommends that for potential acute or
uncontrollable medical factors that may cause sarcopenia, appropriate interventions should be given to
prevent the occurrence or development of sarcopenia while treating the underlying medical factors [3].

At present, the preferred approach to the assessment of “visceral” protein status is to measure the levels
in plasma of the so-called visceral protein markers, such as transthyretin (TTR) and retinol-binding
protein (RBP)[4]. Decreasing concentrations of these markers indicate that protein malnutrition is
worsening, while rising concentrations suggest spontaneous improvement or a favorable response to
nutritional intervention. The pilot study demonstrated that these 2 markers provide important information
predictive of outcomes for those they identify at risk of protein-calorie malnutrition (PCM)[5]. It is also a
visceral protein secreted by the liver. In 2019, some scholars reported that plasma transthyretin was used
as a biomarker of sarcopenia in elderly subjects[6]. Some scholars also reported that RBP was closely
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related to hypertension[7], diabetes and complications[8], coronary heart disease[9]. However, there is little
evidence of the interrelationship between RBP and sarcopenia in older adults.

Therefore, the aim of the present study was to assess whether the levels of serum RBP in older adults
with sarcopenia differed from those without sarcopenia and whether low serum RBP was an independent
risk factor for sarcopenia in older adults.

Materials And Methods
Study sample

This cross-sectional study was conducted in the ward of the Geriatric medical center of Hainan General
hospital. From November 2020 to August 2021, 903 ordinary inpatients aged ≥60 years were recruited
continuously. The inclusion criteria were as follows: age≥60 y; Able to live independently(Barthel-
index≥100); communication barrier-free. The exclusion criteria were as follows:

· Diseases affecting nutritional status, including thyroid insu�ciency, acute in�ammatory diseases,
cancer, stage 4 to 5 chronic kidney disease or chronic liver disease, and malignant tumors;

· Unable to cooperate with the examination due to disability;

· There is no information on laboratory results or dual energy X-ray absorptiometry (DXA) parameters.

In the 903 patients recruited, 221 were excluded from the study (Fig. 1). Among the 221 participants, 64
refused to participate in the study, 47 could not cooperate with the physical function test, 22 suffered
from acute infection and acute cardiovascular and cerebrovascular events, 32 with thyroid dysfunction,
14 with cancer, and 7 suffered from liver disease, 10 chronic kidney disease above stage , and 25 had
missing data.

Therefore, 682 participants (340 men and 342 women) were included in the �nal analysis (Figure 1).

According to the diagnostic criteria of the Asian sarcopenia working group (AWGs) [3], participants were
divided into sarcopenia group and non-sarcopenia group according to gender.

Ethics statement

The study was approved by the Medical Ethics Committee of Hainan General Hospital. Before starting
data collection and physical function examination, all eligible subjects have obtained informed consent.

Covariates

This study included potential risk factors for sarcopenia based on past literature, including smoking,
drinking, sports(according to the participant's self-reported exercise style, there is no time limit, including
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walking, Tai Chi, cycling, etc.), vascular complications, and nutritional markers such as BMI, albumin, pre-
albumin, and hemoglobin (Hb).

Demographic information and biochemical parameters

The blood samples were collected in the morning of the second day after overnight fasting for ≥10
hours. A technician from the biochemistry laboratory of the laboratory department of Hainan General
hospital used standard laboratory technology to measure biochemical parameters.

Biochemical indexes included serum creatinine, serum alanine aminotransferase, aspartate
aminotransferase, albumin, prealbumin, retinol binding protein and hemoglobin.

The retinol binding protein (RBP) was detected by Abbott biochemical analyzer and Dongou reagent,
Zhejiang, China, Latex enhanced immunoturbidimetry, the reference value is 25-70mg/L, and the low
serum RBP level was de�ned as < 25 mg/L.

Measurement: sarcopenia

Sarcopenia is de�ned according to the AWGS [3] standard, i.e. there is low muscle mass, low muscle
strength or/and low physical performance. Muscle mass was assessed by DXA (Medix DR, Medilink
France). All scans were performed by an experienced technician. Appendiceal skeletal muscle (ASM; kg)
was calculated as the sum of the skeletal muscle mass of the arm and leg. The skeletal muscle index
(SMI) is calculated as ASM divided by the square of height (m2) [3]. Low muscle mass was de�ned as
male SMI < 7 kg/m2and female SMI < 5.4 kg/m2 [3].

Muscle strength was assessed by grip strength (HGS) and measured using a Xiangshan electronic grip
(Zhejiang, China). Participants were asked to do their best effort three times with each hand. Maximum
HGS is used to diagnose Sarcopenia. According to the AWGS consensus standard, low HGS is de�ned as
male < 28 kg and female < 18 kg[3].

Gait speed (m/s) is used as a measure of physical performance during the 6-meter process. Participants
were asked to walk 6 meters at the usual walking speed [3]. Two timed tests were performed and the best
performance (i.e. faster) was used to diagnose sarcopenia. Low gait speed is de�ned as gait speed <1
m/s, according to the AWGS consensus cut-off point [3].

Statistical analyses

All statistical analyses for this study were performed using SPSS version 24 (IBM, Armonk, NY, USA).
Normally distributed data was reported as mean±SD, whereas variables with skewed distribution were
expressed as median (interquartile range). Comparisons for continuous variables were performed via the
unpaired Student’s t test or the Mann-Whitney U test. The χ2 test was used for categorical variables. Odds
ratios (OR) were calculated using logistic regression to evaluate the intensity of the relationship between
RBP and sarcopenia. This study further examined the strength of the relationship between level and grip
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strength, SMI, and physical performance by investigating the Pearson correlation coe�cient. Multiple
Logistic regression was performed to examine the association between RBP and sarcopenia. Covariate
adjustments were investigated by the following extended model Logistic regressions: Model 1 was
unadjusted; Model 2 was adjusted for age and BMI; Model 3 = Model 2+albumin, prealbumin and
hemoglobin.

Results
Baseline characteristics of participants

The study included 340 men and 342 women with a mean age of 71.55±6.34y. There are 105 cases of
sarcopenia, 56 males and 49 females. The total prevalence of sarcopenia is 15.40% in general inpatients,
of which 16.47% are males and 14.33% are females.Table 1 lists the clinical characteristics of the
participants by gender and presence or absence of sarcopenia. BMI, SMI and walking speed were lower in
both men and women with sarcopenia (P < 0.001), Table 1.Older men and women were more likely to
have sarcopenia than younger (P < 0.001), Table 1.

In addition, for men, it was observed that the serum retinol binding protein in sarcopenia patients was
signi�cantly lower than that without sarcopenia (24.43±8.12 vs 29.98±9.91, P<0.001), BMI, albumin,
prealbumin and were also signi�cantly lower than that without sarcopenia patients, and there were
statistical differences; but there was no statistical difference in hemoglobin between the two groups. For
women, the serum of retinol-binding protein is also lower than that of patients without sarcopenia
(23.27±5.13 vs 28.35±6.63, P < 0.001), and the BMI, prealbumin, hemoglobin and are lower than that
without sarcopenia patients; but there was no statistical difference in serum albumin levels between the
two groups. For both sexes, there were no signi�cant difference in smoking, drinking, sports, hypertension,
diabetes, stroke and coronary heart disease between the two groups, Table 1.

Comparison of SMI, HGS, and gait speed according to Low-RBP status

Taking the RBP value <25mg/L as the cut-off point, 239 patients (35.04%) had lower RBP levels. In this
group, 111 (111/340, 32.65%) are men and 128 (128/342, 37.43%) are women. For both sexes, the Gait
speed of the low RBP group was signi�cantly lower than the normal RBP group (P=0.001 and P=0.043,
respectively), but there was no statistical difference in SMI between the two groups (Figure 2). For
women, the Grip strength of the low RBP group was signi�cantly lower than that of the normal RBP group
(P=0.004), but there was no statistical difference among men (Figure 2).

Correlations between prealbumin levels and the components of sarcopenia

For men, SMI, HGS, and gait speed were all positively correlated with RBP (R=0.224, P 0.001; R=0.167,
P=0.001; R =0.226, P 0.001, respectively). Similarly, SMI, HGS, and gait speed were all positively
correlated with RBP in women (R=0.159, P=0.001; R=0.282, P 0.001; R =0.194, P 0.001, respectively;
Table 2).
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Logistic regression models for risk factors associated with sarcopenia

The results of logistic regression model for the association between retinol binding protein and risk
factors related to sarcopenia are shown in Table 3. Multivariate Logistic regression models included age,
BMI, albumin, prealbumin, hemoglobin and low retinol binding protein (yes or no). The fully adjusted
model showed that male and female low retinol binding protein participants had a 2.341(1.176,4.660)
and 2.911(1.324-6.400) times higher risk of sarcopenia than normal retinol binding protein, respectively,
Table 3.

Discussion
The present study �rst investigated the relationship between retinol binding protein and sarcopenia in 682
men and women, and found that low levels of retinol binding protein is an independent risk factor for
sarcopenia in older adults. After adjusting for some confounding factors, such as age, BMI, albumin, Hb
and prealbumin, the correlation is still signi�cant.

The disease burden from sarcopenia arises because it is a relatively common condition and is associated
with short-term and long-term adverse effects[1]. In recent years, there has been increasing interest in the
potential role of visceral proteins in sarcopenia. There was evidence that sarcopenia was associated with
age-related changes in visceral protein levels[10]. Muscle mass can be quanti�ed by several body
composition methods ,while in contrast, the assessment of visceral protein status is more di�cult.

At present, the preferred method to evaluate the status of "visceral" proteins is to measure the levels of so-
called visceral protein markers in plasma, such as transthyroxine (TTR) and retinol binding protein (RBP).
[11]. Recently, researchers have focused on protein status indexes involved in SM growth, maturation, and
catabolism. These indexes may help identify the trajectory of sarcopenia. Ingenbleek’s research suggests
that visceral proteins may play a role in the pathogenesis of sarcopenia in the elderly, and may even be
used as a biomarker of sarcopenia[6].

The RBP secreted by the liver may play an equally important role in the pathogenesis of sarcopenia.
Retinol-binding protein is synthesized and secreted in the liver (mostly) and other tissues (such as
adipose tissue)[12]. It transports vitamin A (retinol) from the liver to target tissues and constitutes the
main regulator of circulating levels of retinol. RBP is transferred in the blood together with transthyretin
(TTR), which prevents kidney �ltration and retinol-binding protein catabolism[13]. According to Alkharfy et
al., serum RBP4 levels correlated signi�cantly well with the existing risk factors of cardiovascular disease
in women, regardless of body[14]. Another study found that retinol-binding protein is closely related to
metabolic diseases and liver diseases, and these diseases are high-risk factors for sarcopenia.

It is reported that the reduction of blood protein levels also plays a role in the decline of muscle function
in the elderly[15]. We have observed a decrease in serum albumin and prealbumin levels in sarcopenia
patients, which is supported by some analyses[16–19]. The causality of sarcopenia is multifactorial,
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prompting comparative studies with all other LBM components to detect inconsistent evolutionary
patterns. In addition, studies have con�rmed that sarcopenia increases with low body mass index[20]. Our
results support previous reports on BMI and sarcopenia. Hemoglobin is also used as a blood biomarker
for malnutrition in the elderly. Previous studies have shown that low hemoglobin concentrations in the
elderly in the community are associated with sarcopenia[21]. In this study, male participants with and
without sarcopenia had similar hemoglobin levels, and there was no statistical difference. One possible
explanation is the difference in the research subjects. The former is mainly the elderly in the community,
while the general inpatients in our study are mainly.

This study has several advantages. A more reliable assessment of muscle mass through the DXA
method. In addition, Sarcopenia was de�ned according to the latest AWGS standards, and the research
objects are ordinary hospitalized patients, which are basically similar to the characteristics of the elderly
in the community. But this study also has certain limitations. First, since this is a cross-sectional study, it
is impossible to determine causality. Therefore, a prospective study should be conducted for a period of
time. Secondly, those who cannot stay in bed for a long time and cannot live independently are excluded
from this study, which may have a certain impact on the analysis of risk factors. In addition, the sample
size of this study is relatively small, and the study population is selected only from a single center of
Hainan General Hospital, which may not represent the general elderly population. Third, other
confounding factors, such as protein intake, total calorie intake, and chronic disease drug use, are not
included in the regression model.

Conclusion
Current research shows that low levels of retinol binding protein are associated with an increased risk of
sarcopenia in older adults, especially in women. Therefore, a comprehensive clinical evaluation of retinol
binding protein in the elderly may help early identi�cation of people at high risk of sarcopenia. Early
recognition of sarcopenia and beginning interventions for sarcopenia may improve the prognosis of
hospitalized patients. Further longitudinal studies are needed to assess the association between RBP
levels and the development of sarcopenia.
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Table 1. Characteristics of the participants.
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  Men(n=340) Women(n=342)

Sarcopenia
(n=56)

Non-
sarcopenia
(n=284)

P Sarcopenia
(n=49)

Non-
sarcopenia
(n=293)

P

Age(y) 75.77±6.94 71.61±5.81
0.001

72.59±5.86 70.51±6.45
0.001

BMI 21.59±2.33 24.28±3.09
0.001

21.08±2.51 24.04±3.71
0.001

Smoke (%) 14(25.00) 79(27.82) 0.666 6(12.24) 16(5.46) 0.158

Drink (%) 13(23.21) 97(34.15) 0.110 9(18.3) 24(8.19) 0.078

Sport (%) 22(39.29) 103(36.27) 0.669 16(32.65) 69(23.55) 0.499

Hypertension,
n (%)

34(60.71) 184(64.79) 0.561 13(26.53) 46(15.70) 0.205

Stroke, n (%) 11(19.64) 76(26.76) 0.265 9(18.37) 27(9.22) 0.145

Coronary
heart disease,
n (%)

12(21.43) 69(24.30) 0.645 10(20.41) 33(11.26) 0.199

Diabetes
mellitus

21(37.50) 112(39.44) 0.786 21(42.86) 81(27.65) 0.180

Sarcopenia parameters

SMI (kg/m2) 6.21±0.38 7.51±0.29
0.001

4.94±0.44 6.20±0.65
0.001

Grip strength
(kg)

23.79±3.89 29.91±1.69
0.001

14.74±1.84 22.04±3.07
0.001

Gait speed
(m/s)

0.78±0.11 1.10±0.13
0.001

0.81±0.12 1.19±0.11
0.001

Laboratory
results

           

Serum
creatinine

72.90±8.10 73.95±8.63 0.218 70.55±7.44 72.03±7.14 0.412

ALT 25.5 16,40 30.5 18,43 0.347 24 14,34 26 15,34 0.999

AST 25.5 16,39 25 15,39 0.358 22 9.5,29.5 22 14,30 0.488

Albumin (g/L) 35.52±8.20 38.51±8.25 0.014 35.92±5.01 37.05±6.06 0.215

Prealbumin 280.77±64.08 302.26±67.88 0.030 285.59±42.49 301.56±45.82 0.023

Hemoglobin
(g/L)

118.64±13.64 122.01±14.33 0.106 106.69±9.85 119.80±10.56
0.001
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RBP mg/L 24.43±8.12 29.98±9.91
0.001

23.27±5.13 28.35±6.63
0.001

Low-RBP 25(44.64) 86(30.28) 0.036 27(55.10) 101(34.47) 0.006

Table 2. Pearson correlation analysis between RBP and SMI, HGS, and gait speed.

  Men Women

R P R P

SMI 0.259 0.001 0.169 0.002

Grip strength 0.235 0.001 0.246 0.001

Gait speed 0.246 0.001 0.186 0.001

Table 3. Logistic regression results of low retinol binding protein predicting sarcopenia in older adults.

  Models a

Model a 1 Model a 2 Model a 3

Sarcopenia

Men

Odds ratio (95%
CI)

1.857
1.035,3.331

2.173
1.116,4.231

2.341(1.176,4.660)

P 0.038 0.022 0.015

Sarcopenia

Women

Odds ratio (95%
CI)

2.298
1.246,4.238

2.258
1.182,4.312

2.911(1.324-6.400)

P 0.008 0.014 0.008

a Adjusted covariates: Model 1 = Unadjusted; Model 2 = Model 1 + age, BMI. Model 3 = Model 2 + ALB,
Pre-ALB, hemoglobin.

Figures
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Figure 1

Flowchart on selection of participants.

Figure 2
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SMI, HGS, and gait speed according to different RBP level. HGS, handgrip strength; SMI, skeletal muscle
index.


