Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2021 Oct 29; 9(B):1333-1341. f'j’/ #(o

https://doi.org/10.3889/0amjms.2021.6389
elSSN: 1857-9655

Category: B - Clinical Sciences

Section: Geriatrics

o
RO,

%
%

_Hay,

=

%

S
oundaionS

S

o

OPEN a ACCESS

Plasma Levels of Interleukin-6 and the Cluster of Differentiation

4/Cluster of

Differentiation

8 Ratio in Frailty among

Community-dwelling Older People

Sri Sunarti™®, Nurria

Indriyaningrum?®,

Cesarius Wahono®®, Djoko Soeatmadji*®, Achmad Rudijanto®®,

Retty Ratnawati®®, Setyawati Soeharto Karyono*®, Maryunani Maryunani®

"Doctoral Program in Medical Sciences, Faculty of Medicine, Universitas Brawijaya, Malang, East Java, Indonesia; 2Depan‘ment
of Internal Medicine, Faculty of Medicine, Universitas Brawijaya, Malang, East Java, Indonesia; *Departement of Physiology,
Faculty of Medicine, Universitas Brawijaya, Malang, East Java, Indonesia; *Departement of Pharmacology, Faculty of Medicine,
Universitas Brawijaya. Malang, East Java, Indonesia; 5Department of Economic, Faculty of Economics and Business,

Universitas Brawijaya, Malang, East Java, Indonesia

Edited by: Mirko Spiroski

Citation: Sunarti S, Indriyaningrum N, Wahono C,
Soeatmadiji D, Rudijanto A, Ratnawati R, Karyono SS,
Maryunani M. Plasma Levels of Interleukin-6 and the
Cluster of Differentiation 4/Cluster of Differentiation 8 Ratio
in Frailty among Community-dwelling Older People. Open
Access Maced J Med Sci. 2021 Oct 29; 9(B):1333-1341.
https://doi.org/10.3889/0amjms.2021.6389

Keywords: Elders; Frailty; Interleukin-6; Cluster

of differentiation 4/cluster of differentiation 8 ratio;
Community

*Correspondence: Sri Sunarti, Doctoral Program in
Medical Sciences, Faculty of Medicine, Universitas
Brawijaya, Malang, East Java, Indonesia.

E-mail: sri_sunarti.fk@ub.ac.id

Received: 05-Apr-2021

Revised: 26-Jun-2021

Accepted: 19-Oct-2021

Copyright: © 2021 Sri Sunarti, Nurria Indriyaningrum,
Cesarius Wahono, Djoko Soeatmadji, Achmad Rudijanto,
Retty Ratnawati, Setyawati Soeharto Karyono,
Maryunani Maryunani

Funding: This research did not receive any financial

Abstract

BACKGROUND: Frailty has become a major health problem among Indonesian elders. Immunosenescence
specifically inflammaging are essential components in the development of frailty. Early screening and timely tailored
intervention may effectively prevent or delay the adverse outcomes in elders.

AIM: This study measured the cluster of differentiation (CD)4/CD8 ratio from the immunosenescence pathway
and plasma interleukin (IL)-6 levels as inflammatory markers from the inflammaging pathway and observed the
correlations between robust and frail elders groups.

METHODS: We conducted a cross-sectional survey. Using multistage random sampling, we enrolled 64 participants
across Malang city, divided into frail and robust groups. We analyzed the plasma IL-6 levels and CD4/CD8 ratio using
an independent t-test and the Mann—-Whitney U test.

RESULTS: Significant differences between frail and robust elders were found in age and education level, with the
frail participants being older than the robust (p = 0.001) and lower educational level (p < 0.001). However, plasma
IL-6 levels (p = 0.936) and the CD4/CD8 ratio (p = 0.468) were not statistically different between the groups.

CONCLUSION: Plasma level of IL-6 was found to increase similarly in both groups, while CD4/CD8 ratio was normal
and not statistically different between the robust and frail group in elders.
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Introduction

The increasing average life expectancy has
contributed to the aging of the world’s population [1].
By 2050, approximately, 21.3% of the global population
will be 60 years or older, up from 9.2% in 1990 [2].
Indonesia is home to the eighth largest population
of older persons in the world and the fourth largest
among Asian countries. With around 21 million older
persons (8.2%) in the population, Indonesia presents
the largest number of older persons in Southeast
Asia [2]. Frailty has become a major health problem
among Indonesian elders. Frailty is defined as a state
of reduced ability to recover from stress resulting from
an age-related decline in reserves is highly prevalent in
old age [3] and associated with a higher risk of all-cause
mortality [4].

Asystematic review and meta-analysis involving
data from more than 120,000 older adults from 28
countries, the incidence of frailty and pre-frailty were
estimated as 43.4 and 150.6 new cases per 1,000 people
per year [5]. According to Japan studies using the
Cardiovascular Health Study criteria, the prevalence
of frailty increases with age (4.0% in the 65-74 years
age range, 16.2% in the 75-84 years age range,
and 34.0% among those aged =85 years) [6], also found
higher in woman than in men [3]. In Indonesia, the
prevalence of frailty is 18.70% and 66.20% in prefrail
conditions, and only 15.10% are fit/robust [7]. Meanwhile
in Malang, the prevalence of frail was 35.4% and prefrail
was 47.2%, only 17.4% of the elderly were in a fit/robust
condition [8].

Despite the importance, the underlyingimmune
mechanisms contributing to frailty and particularly
the pathways to chronic inflammation in older adults
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remain unclear. Many studies revealed that a particular
immune senescence process termed inflammaging is
essential in the development of frailty [9]. Inflammaging
refers to a chronic low-grade inflammatory profile
progressed with advancing age, and shown that the
heightened inflammatory state in this regard may play a
central role in the pathogenesis of pre-frailty and frailty,
either by promoting protein degradation or through its
deregulation of other metabolic pathways [10].

The previous study showed that aging
has been associated with an increase in the serum
levels of inflammatory biomarkers [11]. High levels of
pro-inflammatory markers in the blood and other tissues
are often detected in older individuals and can predict the
risk of cardiovascular diseases, frailty, multi-morbidity,
and declines in physical and cognitive function [12].
Several inflammatory markers were reported to be
involved such as interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a). IL-6 is a soluble mediator of
immune response and inflammation that is expressed
in various tissues and up-regulated in the frailty as
identified earlier. In response to inflammation and tissue
injuries, IL-6 is promptly produced at inflammation sites
and reaches the liver through the bloodstream, where it
has multiple pleiotropic effects [13].

The age-associated loss of immunity known as
immune senescence is strongly associated with higher
vulnerability for severe infections, vaccine failure, and
premature mortality in elders. Immune senescence is
marked by a progressive decrease in the number of naive
cells and an increase in the number of memory cells
showing poor functionality. The differentiation of T cells
toward a senescent phenotype is characterized typically
by clonal expansion of cluster of differentiation (CD)8+ T
lymphocytes that lack expression of CD28 [14]. Alow or
inverted CD4/CDS8 ratio is an immune risk phenotype
that is associated with altered immune function, immune
senescence, and chronic inflammation. The prevalence
of an inverted CD4/CD8 ratio increases with age [15].

Early screening and timely tailored intervention
of frailty may effectively prevent or delay the adverse
outcomes in older adults. In a bid to develop a deeper
understanding of the association between immune
senescence and immune aging-related chronic
inflammation to the frailty in elder people, we aim to
investigate the CD4/CD8 ratio and plasma IL-6 levels
among the robust and frail elder population.

Methods

Recruitment and selection of participants

A cross-sectional study was conducted on
older people in various stages of frailty, from non-frail to

frail. Participants were recruited from five districts, and
using multistage random sampling were chosen five sub
districts, and then randomly chosen five two clusters
among them, which are integrated at community-based
integrated service center for older adults (Posyandu
Lansia). Members who metthe following criteria: 65 years
of age or older and physically and cognitively able
to complete the performance-based tests and the
questionnaires. The exclusion criteria were severe
movement disorders due to any medical condition or
acute illness. Those who met the eligibility criteria were
then interviewed and measured (Frailty Index based
on Cardiovascular Health Study, and blood samples
were taken. The aim was to recruit 32 volunteers per
frailty stage (a total of 64 participants). They received
written and verbal information about the study and
then gave written informed consent to take part. The
study was approved by the medical ethics committee
of the Faculty of Medicine University of Brawijaya
(number 378A/EC/KEPK/07/2015).

Measurements

The working definition of frailty was based
on the Fried Criteria, which included weight loss,
exhaustion or poor endurance (self-reported
exhaustion), weakness (handgrip strength), slowness
(gait speed), and low physical activity (kilocalories
expended per week) [16]. The weight loss criterion
comprised unintentional loss, 10 pounds in the prior
year, or 5% of body weight in the prior year (by direct
measurement of weight) at follow-up. Exhaustion was
measured using questions as indicated by a self-report
on exhaustion. Aweak handgrip strength was defined for
female: <17 kg forbody massindex (BMI) <23, <7.3 kg for
BMI 23.1-26, <18 kg for BMI 26.1-29, and <21 kg
for BMI >29, while for male: <29 kg for BMI <24, <30 kg
for BMI24.1-26, <30 kg for BMI 26.1-28, and <32 kg for
BMI >28. Slowness was identified based on the duration
time recorded for walking a distance of 15 feet (4.57 m)
at the usual pace walking test. Anormal reference for the
test stratified by gender and body height (female: >7 s
for height <159 cm, >6 s for height >159 cm; while
for male: >7 s for height <173 cm, and >6 s for
height >173 cm). Low physical activity was defined if the
activity is <270 Kcal on the activity scale (18 items) in
females, and <383 Kcal on the activity scale (18 items) in
males. The final sum scores ranged from 0 to 5 (1 point
for each criterion), participants then classified as frail if
a minimum of 3 of 5 scores were met; whereas pre-frail
individuals have score 1-2, a non-frail individual met
none of them [17].

Flow cytometry: CD4/CD8 ratio

Following  classifying the  participants
into frail and robust groups, blood samples were
taken after 8-10 h of fasting and resting a night
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before. The samples were drawn from cubital veins
between 6:00 and 8:00 AM. Approximately, 3 mL of
blood was collected in ethylenediaminetetraacetic
acid-anticoagulated tubes, stored in a cooler box, and
delivered to the Laboratory of Biomedical Sciences
at the University of Brawijaya within 2 h of taking the
sample. The samples then analyzed for CD4 and
CD8 T-cells using anti-human CD4 and CD8 antibody
(cat#561842 and cat#561949, respectively) on BD
FACSCalibur flow cytometer; and plasma IL-6 level
was measured using enzyme-linked immunosorbent
(ELISA) MAX™ Deluxe Set Human IL-6 (cat# 430504),
an ELISA based assay.

Statistical analysis

Descriptive statistics were used to describe the
study population. Data obtained were then statistically
analyzed using an independent t-test to compare both
groups and Pearson’s correlation to determine the
associations between IL-6 and the CD4/CD8 ratio with
frailty. Graphics were then presented using GraphPad
Prism 5.0.

Results

The baseline characteristics of the
present study consisted of 55 females (86%)
and 9 males (14%). Most of them had education levels
under the tertiary level (84%), abnormal BMI (70%)
(such as low, overweight, and obese), and abnormal
blood pressure (85.9%) (Table 1).

Table 1: Baseline characteristic of 64 older subjects

Characteristics
Sex

Descriptive, n (%)

Female 55 (86)

Male 9 (14)
Level of education

Low education 54 (84.4)

Advanced education 10 (15.6)
BMI

Other than normal weight 45 (70)

Normal weight 19 (30)
Blood pressure

Other than normal tension 55 (85.9)

Normal tension 9 (14.1)

BMI: Body mass index.

The statistical analysis revealed significant
differences in age and level of education (Figure 1).
The participants were then categorized into two
age groups: 65-73 years and >73 years. Analysis
using t-test and a Mann-Whitney test showing
significant differences in age and level of education
(p = 0.001 and p < 0.001, respectively), implying that
the frail group tends to have older age and lower level
of education. However, IL-6 levels and CD4/CD8 ratios
were not significantly different between the two groups
(Supplementary Table 1 and Figure 2).
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Figure 1: Older age (a) and lower education (b) are more common
in the frail group than in the robust group (p = 0.001 and p < 0.001,
respectively)

The frail group was dominated by females,
possibly due to most of the participants in the present
study were female. The blood pressure profile was
showing various stages of hypertension with only a few
percentages having normal tension (Supplementary
Figure 1). Further analysis of frailty parameters revealed
that BMI was the only common variable between the
two groups (Supplementary Figure 2).
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Figure 2: Plasma level of interleukin (IL)-6 tends to increase equally
in both groups (p = 0.001) (a) and no differences can be observed
in cluster of differentiation (CD)4/CD8 ratio between the two
groups (<0.001) (b)

Discussion

IL-6 and frailty

The study of frailty is still in its infancy, and its
analysis and description remain a challenge. However,
this analysis is important to shedding light on the
multiple mechanisms involved in the pathogenesis of
frailty and the factors that contribute to its onset and
status [18]. Many studies, such as a meta-analysis
including 32 cross-sectional studies and 23,910 older
participants [19], have reported increasing levels of
IL-6 in frail and pre-frail elderly compared with the
robust elderly, as part of the inflammaging process.
A mouse model with inducible IL-6 expression
(IL-6 TET-ON/+ mice) that enables overexpression of
IL-6 following stimulation with doxycycline administrated
in food led to an increase in frailty as measured by
a 30-point murine clinical frailty index [20]. A Chinese
study that investigates the association of inflammatory
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mediators and frailty and their relationship with
physical function suggests that inflammatory mediators
IL-6 might be biomarkers for frailty and decreased
physical function in older adults [21].

In the present study, the mean IL-6 value of the
participants was higher than the normal value from the
reference (1.4 pg/mLinmales and 1.1 pg/mLinfemales).
This difference could be due to the limited sample size
of the preliminary study, which did not explore the
factors that influence plasma IL-6 levels. Compared
with the robust participants, our data indicate that mean
IL-6 levels in the frail participants were not significantly
different. This lack of difference could be explained by
Allen, who reported that blood levels of inflammatory
cytokines and acute-phase proteins were reduced by
exercise [22]. However, another study suggested an
elevation of the pro-inflammatory cytokines IL-6 that
were more evident after intense exercise bouts [23].

Some researchers have found that other factors
can also cause increased IL-6 levels. Increased levels of
serum and/or tumor IL-6 are seen in several malignant
conditions, both hematopoietic malignancies and solid
tumors, and high IL-6 level is generally associated
with a poorer outcome [24]. Overproduction of IL-6
also responsible for the pathogenesis of autoimmune
inflammatory diseases and IL-6 blockade therapy can
rectify these underlying immunological abnormalities
in autoimmunity [25]. Systemic upregulation of
IL-6 also occurs during the acute phase of infection [26].
Circulating IL-6 is elevated in asthmatic patients,
both active disease or intrinsic asthma [27], and also
increases in allergic patients [28]. The elimination of
any of these conditions is needed for future research.

Furthermore, the upregulation of IL-6 in the
present study may be caused by the distribution of BMI,
as most of the participants were overweight and obese.
Circulating levels of IL-6 were significantly higher in
subjects with overweight and obesity [29]. In obesity,
macronutrients excess in adipose tissues stimulates
the release of inflammatory adipokines such as IL-6,
TNF-0, monocyte chemoattractant protein-1, and
resistin leading to a state of chronic inflammation in
obese subjects [30]. Another study also suggested that
the enlargement of the white adipose tissue induces
mechanical as well as endoplasmic reticulum stress in
adipocytes, leading to the release of free fatty acids and
inflammatory cytokines like TNF-a and IL-6, resulting in
a local and systemic low-grade inflammation [31].

A study in a population of Spanish older adults
found progressive increases in all inflammatory mediator
concentrations with frailty by Marcos-Pérez et al. These
increases were especially notable for IL-6 and soluble
TNF-receptor Il and suggest the predictive value of these
biomarkers for frailty. Although, results from the current
study revealed limited associations between frailty and
the lymphocyte subsets assessed, data obtained for the
inflammatory mediators provide further support to the
involvement of inflammaging in frailty [32].

Geriatrics

The CD4/CD8 ratio and frailty
CD4  helperfinducer cells and CDS8
cytotoxic/suppressor cells are 2 phenotypes

of T lymphocytes, characterized by distinct surface
markers and functions that mostly reside in lymph
nodes but also circulate in the blood. The CD4/CD8
ratio 1.5 and 2.5 are generally considered normal;
however, a wide heterogeneity exists because sex,
age, ethnicity, genetics, exposures, and infections may
all impact the ratio. Normal ratios can invert through
isolated apoptotic or targeted cell death of circulating
CD4 cells, expansion of CD8 cells, or a combination of
both phenomena. A low or inverted CD4/CD8 ratio is an
immune risk phenotype and is associated with altered
immune function, immune senescence, and chronic
inflammation in both HIV-infected and uninfected
populations [15].

The mean CD4/CD8 ratios of the participants in
this study were >1, and the comparison of both groups
showed no significant differences. Similar results
were found in a longitudinal study on the Singaporean
elderly. CD4/CD8 ratios did not correlate with frailty
but had prognostic value when the mortality risk of the
participants was assessed [14]. Further studies are
needed to confirm whether the CD4/CD8 ratios correlate
with frail elderly in Indonesia and whether longitudinal
studies indicate a prognostic value for mortality risk.

Significant higher mortality rates were
observed among the elderly with an inverted CD4:CD8
ratio and a low nonspecific T proliferation regardless
of their health status. The inversion of the CD4/CD8
ratio has been associated with features of premature
immunosenescence across different age groups [33].
When examining previous studies, although the sample
size was small (13 frail vs. 13 non-frail participants),
De Fanis et al. found a significant association between
increased CD8+ and decreased CD4+ cell percentages
in the frail group compared with the non-frail group [34].
Furthermore, a 2005 study found a significantly
increased number of CD8+ T Iymphocytes and
CD8+CD28-lymphocytes in frail women versus pre-frail
and non-frail women (Semba et al., 2005). A Spain
study in the frail group concluded that the frequency
of CD8+CD28-CD57+ was significantly elevated in
comparison with the non-frail group [35], [36].

Some conditions also cause reduced
CD4/CD8 ratio. The patients with tuberculosis [37] and
HIV infection [38] show a reduced CD4+/CD8+ ratio.
Furthermore, while an abnormal ratio is not uniformly
present in all autoimmune diseases, a decreased
CD4/CDS8 ratio is consistently seen in systemic lupus
erythematosus [39]. A recent prospective study showed
a reduced CD4/CD8 ratio in a population of 96 elderly
patients who were hospitalized for primary chronic
heart failure [15]. An increase in CD4/CD8 ratio has
been observed in patients with various cancers, such
as in breast cancer [40], cervical cancer [41], gastric
cancer [42], and colorectalcancer [43].
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Frailty, age, and education levels

The results, from our study, indicated that age
and education levels varied significantly between the
robust and frail groups. As demonstrated in previous
studies, age plays a role in frailty development
[44]. That result also in line with previous research.
A study group in Malaysia concluded that there was
a significantly higher prevalence of frailty among old
older age group (60-74 years) (34.2%) compared
to those from young older age group (>75 years)
(7.7%; p < 0.001) (Mohd Hamidin et al., 2018) [49].
Another study in Indonesia also stated that frailty was
associated with age and identified prognostic factors
for frailty state worsening in 12months were being
70vyears or older [45]. Frailty development could be
caused by longer exposure to stress conditions such
as infection, physical stress, and oxidative stress,
which continue as people age. These conditions
cause the body to respond with increased pro-
inflammatory cytokine production, which eventually
results in frailty [17].

Education levels were also significantly
associated with frailty, which was higher in those
of all age groups with secondary and primary or
lower education compared with those having tertiary
education [46]. A cross-sectional study in Brazil
involving 540 older adults stratified into groups based
on formal education suggests that limited education
had a gradient association with cognitive performance,
functional disability, and frailty [47]. Education levels
can play a role in frailty development in community-
based elderly through their lack of awareness of
healthy choices, a less hygienic lifestyle, less adequate
and balanced nutrition, and a lack of knowledge about
chronic diseases and their management. Hoogendijk
had reported that low levels of education and low
economic status limit access to information and
adequate health services, which contributes to the
development of frailty and its progress to disability
[48]. Notably, nutritional status, through its effects on
cellular metabolism, can also influence the immune
system. For example, hormones and cytokines (mainly
adipocytokine levels), immune cell populations and
function, and increasing inflammation contribute to
frailty [18].

There are three limitations of this study.
First, there was a heterogeneous distribution of the
participants in terms of sex, age, level of education, and
BMI. Second, other conditions that can interfere with
IL-6 levels and CD4/CD8 ratios were not completely
excluded because of a lack of full examinations due
to economic constraints placed on the study. Finally,
the cross-sectional design of the study might not be
adequate for drawing definitive conclusions on the
effect of IL-6 or the CD4/CD8 ratio on the development
of frailty.

Conclusion

This present study demonstrated that mean
levels of plasma IL-6 were both equally increased in the
two groups, with no statistically significant differences
between them. Mean CD4/CDS8 ratios were within
normal limits, and there were no significant differences
between the two groups. However, differences in age
and education levels were significant. Plasma IL-6
and the CD4/CD8 ratio appear to not affect frailty. We
suggest that further examinations of the participants
need to be conducted in future studies to exclude
factors that are known to interfere with IL-6 levels and
the CD4/CD8 ratio.
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Supplementary

Supplementary Table 1: Distribution of gender, age, level of
education, body mass index (BMI), blood pressure, IL-6 level,
and CD4/CD8 ratio between the frail and robust group. In bold
the significant P value are reported

Frail Robust Cl(95%) p
n % n % Min  Max
Sex
Female 26 40.6 29 453 0.10 1.97 0474
2 6
Male 6 94 3 47
Age
>73 years 22 344 9 141 192 16.4 0.001*
65-73 years 10 15.6 23 51.6
Level of education
Low education 28 43.8 13 203 2.89 36.1 <0.001*
3 7
Advanced 4 63 19 29.7
education
Body mass index
Other than 23 36 22 343 1.68 13.9 1.000
normal weight 8 2 30
Normal weight 9 14 10 15.6
2
Blood pressure
Other than 25 78.1 30 93.8 0.04 1.25 0.148
normal tension 5 1
Normal tension 7 219 2 63
IL-6 4.88(3.18-21.66) 5.11 (0.00-8.36) 0.92 1.43 0.936
CD4/CD8 ratio 1.91 (0.77-5.99) 1.96 (0.41-3.77) 0.83 2.18 0.468
robust frail

E > female male
9M% ~ 81%
robust ~nomessasl frail
HT crisis elevated normotensi
0% S 3y HT crisis

16%

<

Supplementary Figure 1: Distribution of gender in robust and frail
groups showing females predominately the subjects (a), and various
hypertension stages among the subjects in both groups (b)
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Supplementary Figure 2: Parameters of the Frailty Score between two
groups: Body Mass Index (BMI) (a), activity (b), handgrip (c and d),
and walking speed (e and f). The frail group showed lower activity,

weaker handgrip, and slower walking speed. No significant difference
in BMI between the two groups
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