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Purpose: Frailty is associated with adverse health outcomes. Its biological markers are essential
to enhance diagnostic ease and would contribute to surveillance of the condition. Considering
the involvement of pro-inflammatory and nutritional states in frailty, we aimed to investigate
whether inflammatory mediators and adipokines are associated with frailty and their relation-
ship with physical function.

Patients and methods: We recruited 130 older adults (90 nonfrail participants and 40 frail
participants, mean age: 72.80+8.61 years) who underwent a comprehensive medical history and
frailty assessment. The biochemical indicators (eg, blood urea nitrogen [BUN], high-density
lipoprotein [HDL], and hemoglobin [HGB]), insulin pathway (glucose, insulin, and insulin-like
growth factor 1 [IGF-1]), circulating inflammatory biomarkers (IL-6, tumor necrosis factor
receptor 1, and C-reactive protein), and adipokines (adiponectin, vaspin, and leptin) were com-
pared between the two groups. We further analyzed their correlation with physical function.
Results: Frail older adults showed higher levels of BUN, IL-6, adiponectin, vaspin, and glucose
and lower levels of IGF-1, HDL, and HGB compared with nonfrail participants. Serum IL-6
levels were negatively correlated with both grip strength (P=0.03) and gait speed (P=0.04). Levels
of circulating adiponectin and leptin were adversely correlated with grip strength (P=0.01) and
gait speed (P=0.03), respectively. After adjustment for age and sex, the only markers correlated
with physical function were IL-6 (r=—0.180, P=0.044) and adiponectin (r=—0.195, P=0.029).
Conclusion: High levels of IL-6, adiponectin, vaspin, and glucose as well as low levels of
IGF-1 were found in frail older adults. Furthermore, IL-6, adiponectin, and leptin levels were
negatively correlated with physical function, suggesting that inflammatory mediators and adi-
pokines are biomarkers for frailty and decreased function in older adults.
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Introduction

Aging is a leading risk factor for decreased physical function.! As a geriatric syndrome
characterized by decreased physical function and functional capacity, frailty is associ-
ated with increased vulnerability to stressors, which contribute to a high risk of adverse
consequences, such as falls, disability, and mortality in older adults,? as well as the
financial burden of long-term care. Owing to its easy application in clinical practice
and prognostic value in therapeutic decisions in medical specialists, early identification
of a frail status is essential in older adults. Biomarkers may help identify patients who
are at a risk of becoming or being frail. However, studies on the biological correlates
for frailty in Chinese older adults were limited.
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Low-grade chronic inflammation, a hallmark of aging
and mechanism underlying age-related diseases, is associ-
ated with the onset or progression of age-related diseases,
including frailty® and may serve as a mediator between
normal aging and age-related pathological processes. Inflam-
mation has been recognized as a pivotal molecular basis
for the pathogenesis of many age-related chronic diseases;
increased proinflammatory cytokine levels in the circulation
contribute to an inflammatory environment for tissues and
organs,* resulting in several frailty-associated pathologies.
An interplay of multiple factors including pro-inflammatory
state, oxidative stress, and nutritional status was involved in
frailty. The adipose tissue has a key role in the integration of
systemic metabolism. Adipokines secreted by adipose tissues
such as adiponectin were found to be associated with frailty.’
Other adipokines such as vaspin and leptin were found to be
associated with chronic diseases, but their association with
frailty was not yet studied. Finding the biological correlates
would allow physicians to identify frailty, monitor the pro-
gression and efficacy of interventions, and delay the onset
of frailty and occurrence of disability. Thus, we aimed to
investigate the association of inflammatory cytokines and
adipokines with frailty and their relationship with physical
performance in older individuals.

Patients and methods
Study design and participants

Data were from cardiovascular health, cognition and aging
study (CHCAS). A total of 130 inpatients aged 60-92 (mean
age: 72.80%8.61) years were included in this study: 90 older
nonfrail participants and 40 frail older subjects. All patients
were from Department of Geriatrics, Xuanwu Hospital,
Capital Medical University. Exclusion criteria included
infection, acute conditions, severe diseases such as organ
dysfunction, corticosteroids, methotrexate, and nonsteroidal
anti-inflammatory drugs or other immune-modulating agents.
The study was approved by the Institutional Review Board
of Xuanwu Hospital, Capital Medical University, and written
informed consent was obtained from all participants prior to
participation. This study was conducted in accordance with
the Declaration of Helsinki.

Data collection

All participants underwent a comprehensive medical history
and frailty measurement by trained staff. Socioeconomic and
demographic data on age, sex, marital status, and educational
level were collected. Chronic diseases such as hypertension,
ischemic heart disease (IHD), diabetes, and stroke were

self-reported by the participants. Body mass index (BMI) was
calculated as weight (kg)/height (m?). Blood pressure was
measured in sitting position with a 10-minute rest. Ejection
fraction (EF) was determined using an echocardiogram. The
energy level was self-reported, with the total score of 10: 0 as
the lowest energy level and 10 as the highest energy level.

Frailty assessment

Frailty assessment including slowness, fatigue, weight loss,
weakness, and low activity was measured according to the
Fried frailty phenotype.? Grip strength was assessed accord-
ing to standardized procedures, and the maximum value of
the three measurements was used for analysis.? Walking
speed (m/s) was measured by taking a 20-m walk at a usual
pace. The cutoff value of weakness for grip strength and slow-
ness for walking speed was determined as previously reported
in Chinese older population.® The total score of frailty is 0-5.
Those with =3 were classified as frail, and the others were
nonfrail (0, robust; 1-2, prefrail). Peripheral blood samples
were collected after overnight fasting, and serum samples
were isolated and stored at —80°C before use.

Biochemical measurement

Triglyceride (TQG), total cholesterol (TC), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), uric acid
(UA), creatinine (Cr), blood urea nitrogen (BUN), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
homocysteine (Hcy), prealbumin (PA), glucose, and insulin
were determined using a Hitachi 7600 automatic biochemical
analyzer (Hitachi, Tokyo, Japan). White blood cell (WBC)
count, red blood cell (RBC) count, platelet (PLT), and
hemoglobin (HGB) were determined by standard labora-
tory methods. Brain-derived neurotrophic factor (BDNF)
was measured using ELISA (R&D Systems, Minneapolis,
MN, USA). Hemoglobin Alc was measured with a Cobas
Integra 800 automated biochemistry analyzer (Roche, Basel,
Switzerland).

Inflammatory marker measurement

IL-6 and tumor necrosis factor receptor 1 (TNFR1) were
measured using ELISA, following instructions provided
by manufacturer (R&D Systems, Minneapolis, MN, USA).
Each sample was measured twice. The intra-assay coeffi-
cient of variation of each of these measurements was within
acceptable ranges. An inflammation index score (IIS) was
calculated according to a previous publication.” The level of
C-reactive protein (CRP) was measured by immunoturbidi-
metry (Beckman Coulter, Brea, CA, USA).
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Adipokine and insulin pathway assay
Circulating adiponectin, vaspin, leptin, and insulin-like
growth factor 1 (IGF-1) were measured using ELISA, follow-
ing instructions provided by manufacturer (R&D Systems,
Minneapolis, MN, USA).

Statistical analysis

Data were presented as mean + SD or mean rank or number
and percentage. The difference in the characteristics between
the two groups was evaluated by chi-squared test for categori-
cal variable, independent #-test for continuous variables, and
Kruskal-Wallis comparisons for the abnormally distributed
continuous variables. Forward stepwise logistic regression

Table I Characteristics of the nonfrail and frail older adults

was analyzed for the serum markers with frailty adjusted
for age and chronic diseases. Pearson’s or Spearman’s cor-
relation coefficients were calculated for the relationship of
physical function with circulating cytokines and adipokines.
Partial correlation analysis adjusted by age and sex was
calculated. Statistical analyses were performed with SPSS
(Chicago, IL, USA, version 11.0) or GraphPad Prism 7.0
software (GraphPad Software Inc., La Jolla, CA, USA).
P-value was significant at <0.05.

Results
The characteristics of the 130 participants in this study are
provided in Table 1. Compared with nonfrail adults, frail

Nonfrail (n=90) Frail (n=40) 2t P-value
Age (years) 70.88+7.76 77.13+£8.95 4.038 <0.001
Gender (n, %)

Male 54 (67.5) 26 (32.5)

Female 36 (72.0) 14 (28.0) 0.293 0.589
Education (years)

=8 40 (78.4) I1(21.6)

>8 48 (63.2) 28 (36.8) 3.346 0.067
Marriage (n, %)

Live with spouse 81 (72.3) 31 (27.7)

Live alone 9 (50.0) 9 (50.0) 3.627 0.057
Hypertension (n, %)

Yes 58 (63.0) 34 (37.0)

No 32 (84.2) 6 (15.8) 5.656 0.017
IHD (n, %)

Yes 36 (60.0) 24 (40.0)

No 54 (77.1) 16 (22.9) 4.457 0.035
Diabetes (n, %)

Yes 25 (61.0) 16 (39.0)

No 65 (73.0) 24 (27.0) 1916 0.166
Stroke (n, %)

Yes 10 (55.6) 8 (44.4)

No 80 (71.4) 32 (28.6) 1.834 0.176
SBP (mmHg) 134.78+16.37 139.78+21.84 1.444 0.151
DBP (mmHg) 75.16x+11.59 73.45+10.86 0.789 0.431
EF (%) 64.48+7.21 63.73+9.90 0.535 0.594
BMI (kg/m?) 25.81+3.68 26.48+15.14 0.846 0.399
WHR 0.96+0.06 0.96+0.05 0.396 0.693
Grip strength (kg) 27.19+10.07 19.73£6.56 4.195 <0.001
Gait speed (m/s) 0.99+0.50 0.59+0.36 4.342 <0.001
Energy level 6.78%1.92 6.60+2.19 0.158 0.877

Note: Data are expressed as mean (SD) or n (%).

Abbreviations: BMI, body mass index; EF, ejection fraction; IHD, ischemic heart disease; WHR, waist-to-hip ratio.
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adults were more likely to be older. Chronic diseases such
as hypertension and IHD were more common in frail older
adults (all P<<0.05), but no significantly differences were
found in diabetes and stroke. No significant differences in
sex, educational level, marital status, SBP, DBP, EF, BMI,
waist-to-hip ratio, and energy level were found between the
two groups. The percentage of slowness, fatigue, weight loss,
weakness, and low activity was 41.1%, 58.3%, 5.4%, 55.9%,
and 30.8%, respectively (data not shown).

As shown in Table 2, frail older adults had a higher BUN
levels and lower HDL and HGB levels (all P<<0.05) compared
with nonfrail participants. No significant differences in TG,
TC, LDL, Cr, ALT, AST, Hcy, PA, RBC, PLT, D dimer,
BDNF, and HGA 1b were observed between the two groups.

Frail participants displayed higher levels of inflammatory
marker IL-6 than nonfrail did (0.71£0.28 vs 0.58+0.22 pg/mL,
P<0.01). The IIS was also higher in frail than those in non-
frail older adults (4.47£0.34 vs 4.3310.26 pg/mL, P=0.01)
(Figure 1). Although trends in TNFR1, CRP, fibrinogen,
WBC, leptin, and insulin levels were increasing, the dif-
ference was not significant. Frail participants displayed
higher levels of circulating adipokines such as adiponectin
(log,3.9140.13 vs 3.8310.20, P=0.01), vaspin (0.89+0.27 vs
0.79£0.25 ng/mL, P=0.04), and glucose (5.83 [5.20-7.40] vs
5.35[4.8326.13] mmol/L, P=0.01) and lower levels of IGF-1

(14.0444.76 vs 16.95+6.01 ng/mL, P<<0.01) than nonfrail
older adults (Figure 2).

Forward stepwise logistic regression of the serum markers
with frailty showed that all of the blood markers were changed
in frail participants: circulating IL-6, adiponectin, and glucose
were elevated and IGF-1 and HDL were decreased after
adjustment for age, hypertension, and IHD (Table 3).

We further explored the correlation between physical
function with circulating cytokines and adipokines. Serum
IL-6 levels were negatively correlated with both grip strength
(r=—0.19, P=0.03) and gait speed (r=—0.18, P=0.04). Circu-
lating adiponectin and leptin levels were adversely correlated
with grip strength (r=—0.23, P=0.01) and gait speed (=—0.19,
P=0.03), respectively (Figure 3). No significant differences
were observed in the correlation between physical function
and circulating inflammatory mediators and adipokines.
The partial correlation coefficients adjusted by age and sex
between these markers and physical function are presented
in Table 4. The only markers significantly related to physical
function were IL-6 (r=—0.180, P=0.044) and adiponectin
(=—0.195, P=0.029).

Discussion
Our study shows that higher levels of IL-6, adiponectin,
vaspin, and glucose and lower levels of IGF-1 were associated

Table 2 Comparison of biochemical markers between frail and nonfrail old adults

Total Nonfrail group (n=90) Frail group (n=40) t-Value P-value
TG (mmol/L) 1.38 (0.73) 1.31 (0.60) 0.476 0.635
TC (mmol/L) 4.03 (0.92) 3.87 (0.82) 0.885 0.378
HDL-C (mmol/L) 1.34 (0.32) 1.20 (0.30) 2.427 0.017
LDL-C (mmol/L) 2.54 (0.86) 2.53 (1.14) 0.018 0.985
UA (mmol/L) 335.27 (101.62) 335.18 (102.78) 0.005 0.996
Cr (mmol/L) 71.10 (23.15) 71.79 (25.54) -0.152 0.880
BUN (mmol/L) 5.71 (1.86) 7.23 (3.81) —2.125 0.040
ALT (IU/L) 19.88 (15.90) 20.95 (17.42) —0.341 0.733
AST (IU/L) 23.16 (13.93) 23.16 (13.93) -0.213 0.832
Hcy (log) 1.09 (0.24) 1.18 (0.16) —1.584 0.117
PA (mmol/L) 223.28 (51.69) 210.36 (52.72) 1.296 0.197
RBC (x107/L) 4.33 (0.43) 4.16 (0.50) 1.972 0.051
PLT (x10°/L) 209.24 (65.74) 191.42 (71.25) 1.390 0.167
HGB (g/L) 133.49 (15.62) 125.38 (18.42) 2.584 0.011
D dimer (ug/mL) 0.38 (0.25-0.53) 0.46 (0.31-0.90) 1.322 0.250
BDNF (ng/mL) 2.19 (0.73) 2.29 (0.70) -0.715 0.476
HbAlc (%) 6.78 (1.80) 7.07 (1.37) —0.672 0.504

Note: Data are expressed as mean (SD) or median (IQR).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BDNF, brain-derived neurotrophic factor; BUN, blood urea nitrogen; Cr, creatinine;
HbA ¢, hemoglobin Alc; Hey, homocysteine; HDL, high-density lipoprotein; HGB, hemoglobin; LDL, low-density lipoprotein; PA, prealbumin; PLT, platelet; RBC, red blood

cell count; TC, total cholesterol; TG, triglyceride; UA, uric acid.
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Figure | Comparison of inflammatory markers between frail and nonfrail old adults.

Notes: One hundred thirty older adults were divided into two groups: nonfrail group (n=90) and frail group (n=40). Values in the figure were expressed as mean (SD) or
median (IQR). Levels of IL-6 (A), TNFRI (B), IS (C), CRP (D), Fib (E) and WBC (F) were compared between the two groups.
Abbreviations: CRP, C-reactive protein; Fib, fibrinogen; IIS, inflammation index score; TNFRI, tumor necrosis factor receptor |; WBC, white blood cell count.

with frailty, whereas serum IL-6 and adiponectin levels were
negatively correlated with physical function. Our results sug-
gest that inflammatory mediators IL-6 might be biomarkers
for frailty and decreased physical function in older adults,
which was consistent with other studies reporting the associa-
tion between elevated IL-6 and frailty.® A pro-inflammatory
state is supposed to be at the center of a dynamic model of

decreased physical function and physiological processes
leading to frailty.? IL-6 levels were independently associ-
ated with worse functional status, progression of age-related
diseases, disability, morbidity, and increased mortality rates
in older adults. Particularly, low-grade, chronic, and systemic
inflammation is two- to threefold higher in older individuals.’
Serum IL-6 levels were negatively correlated with both grip
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Figure 2 Comparison of circulating adipokines and insulin pathway between frail and nonfrail old adults.
Notes: One hundred thirty older adults were divided into two groups: nonfrail group (n=90) and frail group (n=40). Values in the figure were expressed as mean (SD) or
median (IQR). Levels of adiponectin (A), vaspin (B), leptin (C), IGF-1 (D), glucose (E) and insulin (F) were compared between the two groups.

Abbreviation: IGF-1, insulin-like growth factor I.
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Table 3 Forward stepwise logistic regression for the serum markers with frailty

Model | Model 2

Exp (B) 95% ClI P-value Exp (B) 95% CI P-value
IL-6 10.438 2.057-52.970 0.005 6.493 1.167-36.109 0.033
IS 5.523 1.383-22.054 0.016 - - -
Adiponectin (log) 11.225 1.220-103.290 0.033 29.730 2.238-394.887 0.010
Vaspin 4.517 1.031-19.792 0.045 - - -
IGF-1 0912 0.851-0.978 0.009 0.901 0.835-0.972 0.007
Glucose 1.168 1.001-1.364 0.048 1.185 1.003-1.401 0.046
HDL 0.203 0.053-0.774 0.020 0.210 0.052-0.842 0.028
BUN 1.233 1.040-1.462 0.016 - - -
HGB 0.970 0.947-0.994 0.014 - - -

Notes: Model I: no adjust. Model 2: adjusted for age, hypertension, and chronic heart disease.
Abbreviations: BUN, blood urea nitrogen; HDL, high-density lipoprotein; HGB, hemoglobin; IGF-1, insulin-like growth factor I; IIS, inflammation index score.

strength and gait speed in this study, which indicates that
inflammation may be the molecular mechanism underlying
physical frailty and inflammation. We did not find the differ-
ence in CRP between the two groups or its correlation with
physical function; however, a recent study found that CRP
was predictive of worse grip strength. '

Circulating adiponectin was higher in frail older adults
and adversely correlated with grip strength in this study.
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Adiponectin is a multifunctional adipokine with insulin-
sensitizing, anti-inflammatory, and anti-atherosclerotic
functions. An “adiponectin paradox” phenomenon was found
as an evidence in the association between circulating adi-
ponectin and metabolic dysfunction; on one hand, decreased
adiponectin levels were associated with a higher frequency
of type 2 diabetes and metabolic syndrome.!'" Moreover,
centenarians have higher adiponectin levels associated with
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Figure 3 Correlation between physical function and circulating inflammatory markers and adipokines.
Notes: Pearson’s correlation coefficients were calculated between grip strength and IL-6 (A) and adiponectin (B). Spearman’s correlation coefficients were calculated

between gait speed and IL-6 (C) and leptin (D) in 130 older adults.
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Table 4 Age- and sex-adjusted partial correlation coefficients
between serum markers and physical function

Grip strength (kg) | Gait speed (m/s)

r P-value r P-value
IL-6 —0.180 0.044 —0.131 0.151
Adiponectin (log) —0.195 0.029 -0.060 | 0510
Vaspin —0.084 0.350 -0.050 | 0.586
IGF-1 0.100 0.267 0.171 0.061
Leptin —0.009 0.921 -0.112 0.221

Abbreviation: IGF-1, insulin-like growth factor I.

longevity. Further studies showed that adiponectin levels
were negatively correlated with visceral fat accumulation;'
one the other hand, high adiponectin levels are associated
with a low risk of type 2 diabetes'* and are an indicator of the
incidence of cardiovascular diseases, physical disability, and
higher mortality rate.!* Studies focusing on frailty found that
high adiponectin level was associated with frailty status and
correlated with an increasing number of frailty components
in older adults;'> however, in a frail mouse model plasma,
levels of adiponectin and leptin were decreased.'® Adiponec-
tin resistance involving insulin resistance, inflammation, and
metabolic dysregulation might be a key mechanism underly-
ing this phenomenon.

Although we did not find a significant correlation
between vaspin and physical function, its levels were high in
frail participants. No studies have explored the vaspin levels
in frail participants yet. Vaspin is a visceral adipose tissue-
derived serine protease inhibitor with insulin-sensitizing
effects, which is associated with obesity and insulin resis-
tance. Patients with type 2 diabetes mellitus and low serum
vaspin levels were at risk of acute cardiac syndrome.!”
Other studies found that vaspin level increased with aging
and was associated with parasympathetic activity even in
the absence of metabolic syndrome.'® In addition, a study
found that vaspin cannot be used as an independent marker
for the presence of coronary artery disease in the general
population.'

Frail older adults displayed higher glucose and BUN
levels and lower IGF-1, HDL, and HGB levels compared
with nonfrail participants, which indicates that the former
had more insulin resistance and probably worse nutritional
status. IGF-1 is an anabolic hormone that plays an active
role in the maintenance of muscle mass and strength, pre-
venting apoptosis and protection from oxidative stress.
It is a possible indicator for hormonal, inflammatory, or
nutritional pathway to frailty. Serum IGF-1 is positively
correlated with physical performance,? thigh muscle area

and density,”' knee extensor strength, and self-reported
difficulty in several mobility-related tasks®> and negatively
associated with health outcomes.” Decreased serum IGF-1
levels are independently related to frailty in older adults,?
consequently associated with reduced muscle size, strength,
diminished protein synthesis, and increased muscle cell
apoptosis.”® IGF-1 may be assumed as an ideal cross-road
of nutritional, hormonal, and inflammatory pathways to
frailty.? Both the secretion and biological actions of IGF-1
are modulated by the main pro-inflammatory cytokines.
The negative effect of IL-6 on muscle function is through
IGF-1,?” while the effect of IGF-1 on muscle function
depends on IL-6 levels.?®

There are several limitations in this study. First, the
cross-sectional study design could not explain the causal
relationship between circulating inflammatory mediators or
adipokines and frailty; thus, further follow-up on changes in
physical function is needed. Second, the observed association
might be influenced by confounders, due to the small sample
size. We were unable to use multilevel logistic regression
analysis to adjust several variables and biases related with
sample that should be considered. The » value of the correla-
tion was small, partly due to the small sample size. Lastly,
inflammatory cytokines and adipokines are dynamic, which
may change over time; thus, multiple time measurement
should be conducted in further studies.

Discussion

To the best of our knowledge, this study is the first to show
the association of circulating IL-6 and adiponectin with frailty
and physical function in a Chinese older population. These
preliminary findings suggest that adipokines could be consid-
ered as potential biomarkers for decreased physical function
in older adults. Longitudinal studies are needed to evaluate
the causal relationship between inflammation and adipokines
and prefrailty and frailty, as well as their predictive role in
the onset of frailty in older individuals. Our findings provide
a rationale of using biological markers in the identification,
prevention, and treatment of frailty.
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