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Introduction

Aging is a lifelong process characterized by a gradual, 
cumulative decline in physiological functional capacity. Unlike 
normal age-related changes and other age-related diseases, 
frailty is a geriatric syndrome that is defined as a state of 
reduced physiological reserve and increased vulnerability to 
stressors. The most commonly used criteria for frailty was 
proposed by Fried et al., in which individuals exhibited 3 or 
more of the 5 following components: slowness, exhaustion, 
weight loss, weakness, and low activity, with a biological 
underpinning (1). Other definitions of frailty involved a model 
of accumulated health deficits (2). Regardless of different 
definitions, frail individuals are extremely vulnerable to 
adverse outcomes such as disability and death, leading to 
increased health care costs (1, 3). However, the underlying 
pathophysiology of frailty is complex and poorly understood. 
Early intervention is important to reverse frailty, but diagnosing 
frailty at an early stage is difficult. Because frailty is highly 
prevalent and associated with adverse outcomes, identifying 
frailty-related biomarkers would be useful for the early 
detection and prevention of frailty. However, little is known 
regarding frailty-related biomarkers in Chinese older adults.

Silent mating-type information regulation 2 homolog 1 
(SIRT1) is an NAD+-dependent deacetylase with roles in 
several key pathways such as those involving energy 
metabolism, cell differentiation, cell aging, tumor suppression, 
and anti-inflammation (4–6). Increased SIRT1 activity is 
associated with delayed aging and delayed onset of metabolic 

disorders in animal models (5, 7, 8). Because sirtuins play an 
important role in metabolic regulation pathways in mammals 
and lead to the beneficial effects of calorie restriction (CR), 
they may be helpful in assessing the process of aging and 
treatment of aging-related diseases (9). We previously 
demonstrated that CR could delay cognitive decline by 
increasing SIRT1 levels in mice (10). As a key regulator of 
metabolism and lifespan, circulating SIRT1 levels have been 
implicated in preventing aging-related diseases. Resveratrol, an 
agonist of SIRT1, delayed aging in various laboratory models 
such as yeast, Caenorhabditis elegans, Drosophila, and mice (5, 
7). Therefore, clarifying the mechanisms underlying frailty is 
important to predict longevity and devise therapeutic strategies 
for frail older adults. SIRT1 has been found to be a promising 
biomarker of age-related diseases in animal models; therefore, 
considering its significance in aging, researchers have focused 
on using SIRT1 in clinical settings, such as for patients with 
asthma (11), rheumatoid arthritis (12), multiple sclerosis (13), 
and Alzheimer’s disease (14). However, recent studies on 
SIRT1 levels and frailty have yielded controversial results. 
Kumar et al. found that low sirtuin levels were significantly 
associated with frailty (15), whereas the Concord Health 
and Ageing in Men Project study suggested a paradoxical 
association between low serum SIRT1 levels and robustness 
(16). Therefore, whether circulating SIRT1 levels can be used 
as a potential marker for frailty remains unclear. Thus, here, 
we aimed to determine SIRT1 levels in frail individuals and 
assess its association with inflammation and adipokine levels in 
Chinese older adults.
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Methods

Study design and participants
Data were from cardiovascular health, cognition and 

aging study (CHCAS). This cross-sectional study included 
130 inpatients aged ≥60 years (16 robust, 74 prefrail, and 40 
frail) from Xuanwu Hospital, Capital Medical University. 
The average ages of subjects in the robust, prefrail, and frail 
groups were 68.44±7.29, 71.41±7.81 and 77.13±8.95 years, 
respectively (frail vs. robust, p=0.001). Comprehensive medical 
histories and frailty measurements of all patients were obtained 
by trained staff. Individuals having acute illnesses or severe 
diseases or those receiving corticosteroids, methotrexate, 
nonsteroidal anti-inflammatory drugs or other immune-
modulating agents were excluded. The study protocol was 
approved by the institutional review board of Xuanwu Hospital, 
Capital Medical University, and informed consent was obtained 
from all participants prior to participation.

Frailty assessment
To explore the relationship between age-related frailty and 

the underlying processes that influenced changes in health, we 
used the frailty phenotype to define frailty. Frailty was defined 
according to the Fried phenotype that includes slowness, 
exhaustion, weight loss, weakness, and low activity (1). The 
participants were classified as frail (≥3 components), prefrail 
(1-2 components), and robust (0 component).

Grip strength was defined as the maximum value of the three 
times in the dominant hand in the standing position. The cutoff 
value for weak grip strength was determined as previously 
reported (17), after adjusting for sex and body mass index 
(BMI). 

Walking speed was measured by a 20-m walk test. 
Participants were encouraged to walk 20 m at their usual pace. 
The cutoff value for slow walking speed was determined as in 
our unpublished paper[18], after adjustment for sex and height.

Exhaustion was indicated by self-response to questions from 
the Geriatric Depression Scale; a response of “I felt everything I 
did was an effort” was considered a positive answer and that of 
“I am full of energy” was considered a negative answer.

Weight loss was defined as a self-reported unintentional 
weight loss of 2 kg in the past 6 months or as having a BMI 
<18.5 kg/m2.

Low activity was defined as self-reported exercise for <3 h/
week over the past 12 months (19).

Blood test
Peripheral blood samples were collected after overnight 

fasting; serum samples were isolated and were stored at −80°C 
before use. SIRT1, vaspin, leptin, adiponectin, phospholipase 
A2, interleukin-6, and tumor necrosis factor receptor 1 
levels were measured using enzyme-linked immunosorbent 
assays. C-reactive protein (CRP) levels were measured using 
immunoturbidimetry. An inflammation index score (IIS) that 

included interleukin-6 and tumor necrosis factor receptor 1 
levels was calculated; IIS was identified as the best predictor of 
10-year mortality in the Cardiovascular Health Study (20).

Statistical analysis
Data were presented as mean ± standard deviation or 

mean rank or number and percentage. The difference in the 
characteristics between the two groups was evaluated by chi-
square test for categorical variables, independent t test for 
continuous variables and Kruskal-Wallis comparisons for 
the abnormally distributed continuous variables. Pearson 
correlation coefficients were calculated for the relationship of 
physical function with circulating cytokines and adipokines. All 
these statistical analyses were performed with SPSS (Chicago, 
IL, USA, version 11.0) or GraphPad Prism 7.0 software 
(GraphPad Software Inc., CA, USA). P-value was significant at 
P <0.05.

Results 

Frail participants had higher SIRT1 levels than robust 
participants (frail, (4.66±1.64) ng/ml; prefrail, (4.24±1.62) 
ng/ml; robust, (3.68±1.68) ng/ml, frail vs robust, p = 0.046). 
To determine whether differences existed among the five 
components measured in our study, we compared serum SIRT1 
levels between participants with or without each component. Of 
the 130 older adults, 51 were designated as having slowness. 
SIRT1 levels were higher in the slowness groups than in the 
normal walking speed group ((5.03±1.58) ng/ml vs (3.85±1.53) 
ng/ml, p < 0.001). Although the number of participants having 
weight loss was small, SIRT1 levels was higher in the weight 
loss group than that in the no weight loss group ((5.75±1.08) 
ng/ml vs (4.24±1.64) ng/ml, p = 0.017). As for the other 3 
components of frailty, there was no significant difference 
between the two groups (with and without the component) (Fig. 
1).

To confirm our finding that serum SIRT1 levels increased 
with frailty, we analyzed the correlation between serum SIRT1 
levels and physical functions such as grip strength and walking 
speed. Circulating SIRT1 levels were negatively correlated with 
gait speed (r=-0.278, p<0.001), while there was no correlation 
with grip strength (Fig. 2). A positive correlation was observed 
between circulating SIRT1 levels and age (r=0.288, p=0.001), 
but not between circulating SIRT1 levels and BMI (Fig. 2). To 
avoid the effect of age on the correlation between SIRT1 levels 
and walking speed, we adjusted for age and sex; however, the 
negative correlation remained unchanged (r=-0.188, p=0.039).
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Figure 1 
Comparison of SIRT1 levels in different groups

130 older participants were divided into three groups: robust group (n=16), prefrail 
group (n=74) and frail group (n=40). Values in the figure were expressed as mean (SD). 
Abbreviations: SIRT1, silent mating type information regulation 2 homolog 1.

Figure 2 
Correlation of SIRT1 levels with physical function, age, and 

BMI

Correlation of SIRT1 with gait speed (A), grip strength (B), age (C) and BMI (D). 
Abbreviations: BMI, body mass index; SIRT1, silent mating type information regulation 2 
homolog 1.

As chronic inflammation is a major factor in the process 
of frailty, we explored whether circulating SIRT1 levels 
were correlated with inflammation. As the IIS, including 
interleukin-6 and tumor necrosis factor receptor 1, could better 
capture the effect of chronic inflammation on mortality (20), 
we used the IIS and CRP levels as inflammatory markers. Our 
results showed no correlation between serum SIRT1 levels and 
IIS or CRP levels. Since the Concord Health and Ageing in 
Men Project study revealed that serum SIRT1 expression might 
reflect the nutritional status of frail individuals, we further 
determined whether circulating SIRT1 levels were correlated 
with insulin and adipokine levels. Our results showed that 

SIRT1 levels were negatively correlated with phospholipase A2 
levels (r=-0.318, p<0.001) and positively correlated with vaspin 
(r=0.233, p=0.008), leptin (r=0.220, p=0.012) and insulin 
(r=0.216, p=0.014) levels. There were no correlations between 
SIRT1 levels and glucose and adiponectin levels (Fig. 3). This 
indicates that insulin and adipokines, such as vaspin and leptin, 
might be involved in the process of frailty. 

Figure 3 
Correlation of SIRT1 levels with inflammatory markers and 

levels of insulin and adipokines.

Correlation of SIRT1 with IIS (A), CRP (B), PLA2 (C), vaspin (D), glucose (E), insulin 
(F), leptin (G) and adiponectin (H). Abbreviations: SIRT1, silent mating type information 
regulation 2 homolog 1; IIS, inflammatory index score; CRP, c-reactive protein; PLA2, 
phospholipases A2. 

Discussion

Our results demonstrated that frail patients have high SIRT1 
levels. SIRT1 levels were higher in the slowness group than in 
the normal walking speed group; similar results were obtained 
for weight loss. Circulating SIRT1 levels were negatively 
correlated with walking speed and positively correlated with 
age; no correlation was observed with grip strength or BMI.

SIRT1 is a key regulator of aging-related metabolic changes 
and aging processes. Zhong et al. found that older adults had 
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significantly lower serum SIRT1 levels than younger adults 
(21). Another study showed that an aging-related correlation 
between serum SIRT1 levels and basal metabolic rate was 
observed in women; SIRT1 levels was positively correlated 
with triglyceride (TG) in men and with waist circumference, 
blood pressure, and TG in women; and women in their thirties 
had highest SIRT1 levels, indicating that serum SIRT1 levels 
may be utilized as a marker of aging (22). Serum SIRT1 levels 
declined with age, and low SIRT1 levels were found in patients 
with Alzheimer’s disease and mild cognitive impairment (14). 
A significant association between SIRT1 single-nucleotide 
polymorphisms and longevity has been reported (23); however, 
another study showed no association between SIRT1 variants 
and longevity (24). In addition, most studies revealed that 
SIRT1 levels decreased during various diseases such as fatty 
liver infiltration (25); however, other studies reported opposing 
results, e.g., SIRT1 levels increased in patients with asthma 
(11).

To our knowledge, this is the first study to demonstrate a 
correlation between circulating SIRT1 levels and insulin and 
adipokine levels. SIRT1 levels were negatively correlated 
with phospholipase A2 levels and positively correlated with 
insulin and adipokine levels, such as those of vaspin and leptin. 
No correlation was observed with IIS and CRP, glucose, and 
adiponectin levels in this study. After adjustment for age and 
sex, SIRT1 levels were still negatively correlated with walking 
speed. Although many studies have suggested that SIRT1 plays 
a role in inflammation, we did not observe any correlation 
between SIRT1 levels and inflammation in this study. There 
is no literature on SIRT1 and adipokines. There have been 
several studies on the association between serum SIRT1 levels 
and frailty with inconsistent results. One study found that 
SIRT1 single-nucleotide polymorphisms and serum SIRT1 
levels in older men were possibly more closely associated with 
nutrition and body composition than with aging and age-related 
conditions (26). Another study found no association between 
frailty and serum SIRT1 levels, although post hoc analysis 
suggested a paradoxical association between low serum SIRT1 
levels and robustness (16).

Our study showed that SIRT1 levels increased in frail 
individuals. Several hypotheses might explain this increase. 
First, SIRT1 plays a critical role in regulating metabolism 
and aging in mammals (27). CR and resveratrol significantly 
increased circulating SIRT1 levels (28). Because weight loss is 
a component of frailty, lower BMI might mimic the effects of 
CR, resulting in increased SIRT1 levels. Second, Le Couteur 
et al. found that low serum SIRT1 levels were associated 
with less frail and high total lean body weight, indicating that 
serum SIRT1 levels might reflect the nutritional status of an 
individual (16). Third, different tissue matters. Lung SIRT1 
levels decreased, whereas serum SIRT1 levels increased in the 
setting of asthma (11); furthermore, in old rats, SIRT1 levels 
decreased in the heart but not in the adipose tissue (29). Finally, 
the different downstream targets of SIRT1 might be responsible 

for this increase. Overexpression or knockout of SIRT1 can 
inhibit peroxisome-proliferator-activated receptor coactivator, 
further decreasing mitochondrial activity (30). Forkhead box 
O1 and peroxisome proliferator-activated receptor gamma are 
downstream targets of SIRT1, and they differed by types of 
target tissues and stimulus (31). 

In the present study, we observed elevated SIRT1 levels in 
frail individuals and a correlation between serum SIRT1 levels 
and adipokine levels; however, the cross-sectional study design 
could not explain the causal relationship between circulating 
SIRT1 levels and frailty, and therefore, further analyses based 
on longitudinal data are needed.

Levels of SIRT1, a class III histone deacetylase with both 
anti-inflammatory and anti-aging effects, were elevated in 
frail older adults. To our knowledge, this is the first study to 
demonstrate that circulating SIRT1 levels were correlated with 
adipokine levels. Our study indicated that higher serum SIRT1 
levels were a biological characteristic of frailty. Furthermore, 
insulin and adipokine levels might be the link between SIRT1 
and frailty, whereas inflammation may not be involved in this 
process. 

This study has important implications for clinical work as 
it will help clinicians in the early detection and prevention of 
frailty in older adults, thereby reducing frailty-related adverse 
outcomes such as disability and death. Prospective studies will 
be necessary to examine the value of circulating SIRT1 levels 
as a biomarker for frailty and determine its clinical significance.
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