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ABSTRACT

Introduction: Thailand has a rapidly aging population; assessing frailty earlier with biochemical markers 
could identify many adverse outcomes such as disability, hospitalization, and death. We aimed to examine 
the correlation between Trolox equivalent antioxidant capacity (TEAC), thiobarbituric acid reactive sub-
stances (TBARS), and telomere length and frailty for elderly people in Northern Thailand.

Methods: A cross-sectional study was performed between May 2017 and March 2018 with a total of 
350 elderly aged 60 and older for frailty phenotype assessment by five frailty criteria including uninten-
tional weight loss, exhaustion, slowness, low physical activities, and grip strength weakness. Twenty-eight 
subjects in both the frailty and non-frailty groups were analyzed for basic clinical parameters, including 
plasma TEAC, TBARS, and telomere length.

Results: Alanine aminotransferase activity, albumin concentration, cholesterol level, and telomere length 
were significantly low in the frailty group. The albumin level, TEAC, and telomere length were significantly 
higher between the ages of 60 and 75 years compared to those with non-frailty over 75 years of age. 
Likewise, albumin and cholesterol levels were significantly higher in the frailty group aged 60–75 years. 
Albumin concentration, cholesterol level, TEAC, and telomere length were significantly higher in the 
non-frailty group when compared to the frailty group aged 60–75 years, but no significant difference 
was found among these biochemical parameters of frailty and non-frailty whose age was above 75 years.

Conclusion: The reduction of albumin concentration, cholesterol level, TEAC, and telomere length sup-
ports the underlying mechanism of frailty screened by the frailty phenotype tool in a specific age range. 
However, further analyses with multi-parameters must be validated before the application in clinical diag-
nosis for frailty.
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 INTRODUCTION

One great benefit from medical technology and mod-
ern medicine is the longevity of the humankind, which 
unavoidably is turning into an aging society currently 
emerging around the world. The United  Nations 
expects the world elderly population with age over 60 
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to increase by 56% with a total number of 2.1 billion 
by 2050. The shift of population to an aging soci-
ety affects world economic and sociology concerns in 
many aspects. One major concern regarding this shift 
is the health care of the elders, which has become the 
priority in many countries (1). Another important 
factor affecting the health condition of the elders is 
frailty. To assess frailty, the gold standard protocol is a 
phenotypic evaluation, in which the three out of the 
five following positive determinants are found in an 
individual; (a) unintentional weight loss, (b) exhaus-
tion, (c) slow walking speed, (d) loss of physical 
activities, and (e) low grip strength (2). Recently, no 
specific biochemical marker could be applied to dif-
ferentiate the frailty and non-frailty groups; however, 
chronic inflammation and its related markers have 
been reported as a major determinant of the frailty 
syndrome in elders (3).
Supposing that the routine blood biochemistry 
could determine the frailty and non-frailty category, 
it would be of benefit for the elders during their regu-
lar health checkups. In general, the results from rou-
tine blood biochemistry primarily indicate certain 
organ defects. For example, liver function could be 
determined by the rise in activities of these enzymes 
in the blood; aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and alkaline phos-
phatase (ALP) (4). In contrast, the level of urea and 
albumin is lower than the normal range (5). Kidney 
function could be assessed by an increasing level of 
creatinine in either blood or urine. Likewise, the sig-
nificant rise in the level of triglycerides (TG) and 
total cholesterol increase the risk of cardiovascular 
defects (6). The gaps between frailty and non-frailty 
in terms of these biochemical parameters have been 
doubtful. This is because frailty results from mul-
tidimensional players such as genetic, biological, 
physical, psychological, social, and environmental 
factors, although inflammation and oxidative stress 
play an important role in the development of fragile 
states (7,8). In addition to basic routine blood bio-
chemistry, the promising factors supporting frailty 
have been inflammation producing promiscuous 
oxidants and antioxidants before, during, and after 
the process. In normal cases, the balance between 
the degree of Trolox equivalent antioxidant capacity 
(TEAC) and the level of an oxidant such as reactive 
oxygen species (ROS) has been tightly maintained. 

The imbalance of these parameters potentially poses 
certain abnormalities.
TEAC is the cumulative activity of the body to 
neutralize oxidants, such as ROS, produced during 
cellular metabolism. The higher the level of TEAC 
indicates the greater the capacity to protect cellular 
damage from ROS. The levels of TEAC were found 
to be significantly higher in normal volunteers than 
that in certain diseases such as inflammatory bowel 
disease (9) and diabetes mellitus (10).
In contrast, an oxidant like ROS can damage cel-
lular structures leading to cellular dysfunction. The 
measurement of ROS in the sample is difficult due 
to its molecular instability. Alternatively, one of 
the results from ROS is lipid peroxidation product 
so-called malondialdehyde (MDA) measured by 
thiobarbituric acid-reactive substances (TBARS) 
indicating the oxidation state of the cells in the 
body. Despite nonspecificity to the MDA, TBARS is 
widely accepted as a common method to determine 
the MDA in cells, tissues, and body fluids (11). For 
example, TBARS has been used as the biochemical 
marker for oxidative stress as its level is significantly 
increased in the involved diseases such as cardiovas-
cular disease (12) and cancer (13).
Shortened telomeres, an intracellular marker, 
indicate cellular senescence. Telomeres are recog-
nized as special structures at the ends of the chro-
mosomal DNA with the function of stabilizing 
chromosomes. Telomere shortening with increasing 
age and under certain pathological conditions has 
been well known (14). Even though the telomere 
length marker is not specific for diseases, it has been 
used as a biochemical marker for cardiovascular 
disease (15).
It is because frailty potentially worsens the health 
conditions and leads to disability and much worse 
to fatality in combination with simple ailments (16). 
In the present study, the aim was to find the relation-
ship between biochemical markers, including ALT 
activity, albumin level, total cholesterol, TEAC, 
TBARS, and telomere length in the elders identified 
in the frailty or non-frailty group. Ultimately, the 
findings could be potentially applied to the elders 
who come into the hospital for a regular checkup by 
increasing awareness of ailments if they are tending 
to be in a frailty classification.
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METHODS

Subject recruitment
Three-hundred-fifty elderly people with the age over 
60  years living in the Pasang District, Lamphun 
Province, Thailand, were recruited for frailty and 
non-frailty determination using a physical phenotype 
method (16). Briefly, five criteria for frailty determi-
nation included unintentional weight loss, exhaus-
tion, slowness in a distance of 15-feet, low activities, 
and weakness of grip strength. Frailty, pre-frailty, 
and nonfrailty were classified when the above criteria 
were positive for any 3–5, 1–2, and none of them, 
respectively. Twenty-eight subjects in each group 
of the frailty group and the non-frailty group were 
recruited for blood sample collection. This research 
was approved by the Research Ethics Committee for 
Human Research of Faculty of Medicine, Chiang Mai 
University under the approval number of 415/2016.

Blood sample collection
Five milliliters of fasting venous blood were drawn 
into each heparin-coated tube. The tubes were kept 
cold on ice and subjected to centrifugation for 
5 min to separate plasma and the blood cells for 
further analyses (17). The plasma was kept at-20°C 
for routine clinical chemistry analyses, TEAC, 
and TBARS. The white blood cells were further 
processed for DNA extraction and telomere length 
determination.

Determination of basic clinical laboratory 
parameters in plasma
Urea, creatinine, liver enzyme activities, AST, ALT, 
and ALP, total cholesterol, TG, and albumin were 
determined using the automating machine (Randox, 
RX Daytona, UK).

Determination of TEAC
The ATBS solution was prepared according to 
the method described elsewhere (18). Ten micro-
liters (µL) of plasma were mixed with the ATBS 
solution. The reaction was allowed for 6 min and 
the absorbance at 734  nm was determined. The 
TEAC in each plasma sample was calculated using 
Trolox standard curve and the TEAC was reported 
as millimolar Trolox equivalent (mM).

Determination of TBARS by thiobarbituric acid 
assay
The assay for TBARS determination was modified 
from Kamal et al. (19) by which 50 µL of plasma 
was deproteinized with butylated hydroxytoluene in 
10% trichloroacetic acid. The solution was mixed 
with 0.6% thiobarbituric acid in 0.44M phosphoric 
acid. The pink color developed after a 30 min incu-
bation at 90°C and the absorbance was measured 
at 532 nm. The TBARS level was calculated using 
1, 1, 3, 3 tetramethoxypropane standard curve and 
reported in micromolar (µM).

Determination of telomere length
Total DNA was extracted from white blood cells 
using a GF-1 Blood DNA Extraction Kit (Vivantis, 
Malaysia). Twenty nanograms (ng) of the extracted 
DNA were subjected to telomere length determina-
tion following the method described elsewhere by 
monochrome multiplex quantitative polymerase 
chain reaction (20). The telomere length was 
reported as a ratio of telomere repeat copy number 
to single-copy gene copy number (T/S ratio).

Statistical analysis
Demographics, medical history, and clinical param-
eters were tested by the Mann–Whitney U-test and 
Fisher’s exact test. Spearman correlation coefficients 
were calculated for the association between biologi-
cal marker parameters.

RESULTS
Statistical analyses showed that means of age, ALT 
activity, total cholesterol, albumin level, and telo-
mere length were significantly different between 
the non-frailty and frailty groups. The average age 
of non-frailty volunteers was statistically lower than 
that of frailty subjects. In contrast, the average val-
ues of ALT activity, albumin level, total cholesterol, 
and telomere length in non-frailty volunteers were 
significantly higher than those in frailty subjects. 
On the other hand, the body mass index, sex, illness 
status (diabetes and cardiovascular diseases), rou-
tine clinical biochemical test (creatinine, urea, AST, 
and TG), Trolox equivalent, and TBARS were not 
significantly different between the non-frailty and 
frailty groups (Table 1).
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same parameter levels were significantly higher in 
the frailty groups. In addition, the levels of total cho-
lesterol, albumin, Trolox equivalent, and telomere 
length were significantly higher in the non-frailty 

TABLE 1. Mean±standard deviation of clinical parameters of older adults in non-frailty and frailty groups
Parameters Non-frailty (n=28) Frailty (n=28) p-value
Age (years) 67.79±6.70 75.43±8.34 <0.001
Sex (female), n (%) 20 (71.4) 6 (27.3) 0.758
BMI (kg/m2) 22.76±3.02 23.64±4.07 0.356
Hypertension, n (%) 10 (55.6) 20 (71.4) 0.016
Diabetes, n (%) 3 (12.0) 8 (40.0) 0.178
Cardiovascular diseases, n (%) 2 (7.7) 0 (0.0) 0.491
Creatinine (mg/dL) [0.6−1.1 mg/dL] 1.085±0.346 1.075±0.325 0.961
Urea (mg/dL) [5−25 mg/dL] 13.348±4.730 13.354±6.265 0.502
AST (U/L) [0−37 U/L] 24.643±6.547 22.965±5.782 0.355
ALT (U/L) [0−40 U/L] 10.030±4.623 7.085±2.780 0.011
ALP (U/L) [30−120 U/L] 69.479±19.422 65.834±16.635 0.523
Albumin (g/dL) [3.5−5.0 g/dL] 5.411±0.174 4.693±0.580 <0.001
Total cholesterol (mg/dL) [0−150 mg/dL] 204.893±31.231 171.893±36.738 0.001
Triglyceride (mg/dL) [0−150 mg/dL] 113.321±52.374 94.393±38.272 0.134
Trolox equivalent (mM) 1.819±0.067 1.791±0.091 0.190
TBARS (μM) 3.877±1.463 3.370±0.955 0.132
Telomere length (T/S ratio) 0.505±0.264 0.289±0.174 0.001
The values show either mean±standard deviation or the number of subjects who are positive/ the number of subjects who are 
negative; the values written in [] are normal reference ranges and NS stands for not significant difference between non-frailty and 
frailty groups. ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; TBARS: Thiobarbituric 
acid-reactive substances; BMI: Body mass index

Because the age was significantly different between 
non-frailty and frailty groups, it was wondered 
whether clinical parameters were correlated with 
age. It was found that significantly negative cor-
relations were observed between the age and the 
activity of ALT (r=−0.402, p=0.002), the level of 
albumin (r=−0.588, p<0.001), the total cholesterol 
level (r=−0.453, p<0.001), and the telomere length 
(r=−0.460, p<0.001). In addition, the correlation 
among clinical parameters was also analyzed within 
all participants. Significant positive correlations were 
found between the level of urea and creatinine, ALT 
activity and albumin level, ALT and AST activities, 
ALP activity and TBARS level, total cholesterol and 
albumin level, total cholesterol and TBARS, and 
total cholesterol and telomere length (Table 2).
Twenty-eight volunteers in either the non-frailty or 
frailty groups were further divided by age, which 
were between 60 and 75 years and above 75 years. 
The level of albumin, total cholesterol, TEAC, 
TBARS, and the telomere length was significantly 
higher in the non-frailty group with the ages of 
60–75 years when compared with those in the non-
frailty group with the ages >75 years. Likewise, the 

TABLE 2. Correlation between clinical parameters measured 
in 56 participants using spearman rank correlation coefficient
Correlated parameters Correlation coefficient p-value
Urea

Creatinine 0.690 <0.001**
Albumin −0.273 0.042*

ALT
Albumin 0.445 <0.001**
AST 0.434 <0.001**

ALP
TBARS 0.332 0.012*

Total cholesterol
Albumin 0.465 <0.001**
TBARS 0.279 0.037*
Telomere length 0.276 0.040*

*Significant (two-tailed) at 0.05; **Significant (two-tailed) at 0.01. 
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; 
AST: Aspartate aminotransferase; TBARS: Thiobarbituric acid 
reactive substances
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group compared to the frailty group with the ages 
of 60–75 years (Table 3). There was no any parame-
ter showing differences between the non-frailty and 
frailty groups with the ages above 75 years.

DISCUSSION
Five parameters; age, ALT activity, albumin level, total 
cholesterol, and telomere length, were significantly 
different between the non-frailty and frailty groups. 
Albumin level, total cholesterol concentration, and 
telomere length tended to be associated with frailty. 
Among those three parameters, telomere length is the 
most evident to be associated with aging.
The telomere length of the frailty groups was 
significantly lower than that of the non-frailty group. 
It was consistent with numerous reports indicating 
the shortening of telomere had a strongly negative 
association with the aging process rather than frailty 
phenotypes. Woo et al. suggested that the telomere 
shortening was found only in men, but not in 
women as well as no significant correlation between 
frailty index and telomere length (21). Likewise, the 
ESTHER cohort studies reported that the telomere 
length was inversely related only with age, but not 
with the frailty score (22). In contrast, the telomere 
length was not different between the frailty and the 
non-frailty groups of Chinese whose age was 65 or 
older (23). Recently, the meta-analysis of telomere 
length and frailty statuses indicated no association 
between these two factors (24). Together, it is still 
unclear whether the use of telomere alone as a bio-
chemical marker for frailty is sufficient for frailty 
identification.
After analysis of biochemical parameters according 
to age group, it was shown that the frailty group 

had significantly lower levels of total cholesterol, 
albumin, and TEAC. These results were consistent 
with the report that the highest risk of death, indicat-
ing frailty, within 4.5 years was significantly found 
in subjects of which the total blood cholesterol and 
albumin concentrations were lower than 160 mg/dL 
and 38 g/L, respectively (25). Likewise, the subjects 
who had total blood cholesterol and albumin lower 
than 5.2 mM and 43  g/L, respectively, showed a 
significant reduction in functional performance 
within 3 years, indicating frailty (26). One explana-
tion is that most of the older population tended to 
eat less compared with other ages, and it adversely 
resulted in poor nutrition which leads to oxidative 
stress and finally to frailty (27). Ongoing malnu-
trition of frailty subjects led to death indicated by 
the low albumin level, but elevated C-reactive pro-
tein (CRP), as well as urea levels, was also noted. 
Even though those levels were in the normal ranges, 
a statistical significance was found between the 
frailty group who had a long life and the deceased 
group (28). Several reports have claimed specific 
biochemical markers for frailty. For example, an 
increase in serum 8-hydroxy-2-deoxyguanosine was 
observed in the frailty group with a positive correla-
tion with the frailty score (29). Moreover, the study 
with proteomic techniques suggested at least seven 
glycoproteins expressing differently between frailty 
and non-frailty groups (30). The latter evidence 
might give the researcher a clue not to focus on only 
one biomarker for frailty, requiring advanced tech-
niques as well as analytical tools for frailty marker 
diagnosis, and further studies.
Our findings regarding ALT activity indicated a 
significant reduction of the enzyme activity in the 
frailty group when the data were analyzed regardless 

TABLE 3. Levels of total cholesterol, albumin, Trolox equivalent, and telomere length in subjects with non-frailty compared to 
frailty in the group’s ages 60–75 and >75 years
Parameters Non-frailty (n=28) Frailty (n=28)

Age 60–75 years (n=23) Age >75 years (n=5) Age 60–75 years (n=17) Age >75 years (n=11)
Albumin (g/dL) 4.153±0.173* 3.978±0.090 3.912±0.189#,$ 3.612±0.429
Total cholesterol (mg/dL) 206.478±28.279 197.600±45.873 182.471±40.221#,@ 155.546±23.906
Trolox equivalent (mM) 1.832±0.064* 1.757±0.043 1.775±0.072$ 1.815±0.115
Telomere length (kb) 5.594±0.837* 4.567±0.547 4.752±0.601$ 4.601±0.561
The values show mean±standard deviation. *, #,and @indicate the significant at p<0.05 when compared with non-frailty ages >75 years, 
frailty ages >75 years, and subjects ages 60–75 years in frailty group, respectively. $indicates the significant at p<0.01 when compared 
with and subjects ages 60–75 years in frailty group
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of the age sub-classification. This study indicated 
that the ALT activity in the frailty group was in the 
normal range with lower activity in the non-frailty 
group. The result was supported by the finding in 
middle-aged adults that subjects with low normal 
ALT activity had an increased risk of long-term 
mortality (31).
The TEAC found in the frailty group was signifi-
cantly low when the data were analyzed within 
the corresponding age group, whereas the level of 
oxidant reported in TBARS did not differ between 
non-frailty and frailty. The insignificant difference 
of TBARS in between non-frailty and frailty might 
be a result of the nonspecificity of TBARS to MDA 
as mentioned earlier (32). However, this finding 
indicated an imbalance between the oxidant and 
antioxidant systems, which lead to oxidative stress 
and frailty as supported by various evidence. Frailty 
has been claimed to be associated with inflamma-
tion indicated with the expression of pro-inflam-
matory cytokines resulting in oxidative stress. In 
patients with sarcopenia, frailty was associated with 
an increase in tumor necrosis factor-α, interleukins, 
and CRP indicating the oxidative stress measured 
by the level of ROS (33). The significant increase 
in TBARS was observed in frailty subjects and had 
a strong correlation between these two factors (34). 
Recently, the meta-analysis of frailty and oxidative 
stress revealed an association between oxidative stress 
and frailty. However, the association between the 
levels of oxidant and antioxidant capacity remained 
inconclusive with the trends of increasing in oxidant 
and decreasing in antioxidants (35).
Another point of interest was that when all bio-
chemical parameters of the subjects who were 
above 75 years between the non-frailty and frailty 
groups, none of the parameters were significantly 
different. This might be due to the number of sub-
jects between those groups. It was consistent with 
Collerton et al. report that there was no association 
of clinical parameters in the very old subject group 
whose age was 85 or older (36).
Taken together, our results added the information 
that the frailty biomarker could not be only a spe-
cific one. The use of basic routine biochemical mark-
ers to diagnose the frailty could be possible only in 
the case of multiple analyses of multiple parameters. 

Therefore, further studies must be done to validate 
further clinical applications.

CONCLUSION
This study supported the frailty phenotype-screen-
ing tools that there were significantly low levels of 
biochemical parameters in frailty subjects. With 
regard to routine biochemical measurement, we 
found a reduction in albumin concentration and 
total cholesterol levels involved in frailty. TEAC 
could also be used additionally in the case that the 
subjects were between 60 and 75 years. While the 
telomere length seemed to be efficient as a frailty 
marker, it was rather an aging marker than frailty. 
Further analyses with multi-parameters in a greater 
number of subjects must be studied to deeply under-
stand the multi-parameter mechanism of frailty.
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