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Abstract

The present study was undertaken to evaluate serum levels of pro-inflammatory cytokines
in Tunisian older adults and to examine the relationships between inflammatory marker lev-
els, geriatric, and biochemical parameters. A cross-sectional study was conducted in a pop-
ulation of Tunisian older adults (N = 141, aged 65 and over). Patients were recruited from
the Department of Internal Medicine, Fattouma Bourguiba University Hospital (Monastir,
Tunisia) and from a nursing home (Sousse, Tunisia). Comprehensive geriatric assessment,
history taking and examination including functional and nutritional assessment were done
for each participant. Enzyme-linked immunosorbent assay (ELISA) test was used to mea-
sure serum cytokine (TNF-a, IL-8, IL-6) levels. The modified Short Emergency Geriatric
Assessment score (SEGAm) were used to classify patients as 51 very-frail, 40 frail, and 50
non-frail. The age of the participants (80 men, 61 women) ranged from 65 to 97 years.
Serum levels of TNF-q, IL-8 and C-reactive protein (CRP) were significantly higher in very-
frail participants compared to frail and non-frail ones. However, no significant differences in
IL-6 levels were detected among frailty groups. After adjustment for age, CRP and IL-8 lev-
els remained significantly associated with frailty. Analysis of the receiver operating charac-
teristic (ROC) curve corresponding to IL-8 showed an area under the curve of 0.7 (p =
0.003; 95% CI[0.58—-0.81]) and a predictive threshold of 5.27 pg/ml. Positive correlations
were found between frailty score, IL-6, and IL-8 levels. In addition, a significant positive cor-
relation was observed between IL-8 levels and Timed Up and Go test results. However, a
negative correlation was observed between Mini Nutritional Assessment Short-Form score,
IL-6 and CRP levels, as well as between Activities of Daily Living score and serum levels of
TNF-a, IL-6, and CRP. In conclusion, the key findings of this study collectively support a role
of pro-inflammatory cytokines, TNF-a, CRP, and especially IL-8 in the development of frailty
in older adults.
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Introduction

Aging of the population is a worldwide phenomenon. In Tunisia, the proportion of older peo-
ple aged more than 60 years has grown steadily since 1966, increasing from 8% in 1995 to
12.5%, and is anticipated to reach 25% in 2050 [1, 2]. Faced with an increasingly older popula-
tion, clinicians find it useful to identify geriatric conditions in order to determine a frail per-
son’s medical, psychological, and functional capability [3]. Frailty is a multidimensional
geriatric syndrome characterized by a state of age-related biological vulnerability to stressors,
and decreased physiological reserves associated with alterations in energy metabolism,
decreased skeletal muscle strength and mass, and dysregulation of inflammatory cytokines [4].
Among these factors, inflammation has been postulated as a major area of interest within the
field of frailty in older people [5].

It is widely accepted that the immune system undergoes quantitative and qualitative modi-
fications during aging [6]. This phenomenon, called immunosenescence, is accompanied by
an increase in pro-inflammatory cytokines and a reduction in anti- inflammatory cytokines,
leading to a chronic low-grade inflammatory state [5, 7] which might contribute to frailty [8].
Previous studies have shown that in older adults, higher circulating levels of tumor necrosis
factor-a. (TNF-a), interleukin-6 (IL-6) and C-reactive protein (CRP) are associated with
decreased muscle strength, poor physical function, frailty, and mortality [9]. Serum levels of
TNF-o were also strongly associated with nutritional status in elderly women [10]. Higher
serum IL-6 levels were seen in older people with deficits in activities of daily living perfor-
mance, mobility, and sarcopenia [11]. Furthermore, higher levels of CRP were associated with
increased risk of mortality in frail older adults, but they were not considered a significant pre-
dictor of mortality [12]. In light of the growing body of published research about elevated
markers of inflammation such as TNF-a, IL-6, and CRP in frailty, attention has recently
turned to the relationship between IL-8, pro-inflammatory cytokines, and the geriatric status
and severity of frailty in older people.

To date, it is unclear whether IL-8 plays an important role in frailty. Therefore, the main
aim of the present study was to investigate the association between pro-inflammatory markers
and the development of frailty. First, inflammatory markers related to different frailty stages in
older people were studied. Second, the relationship between inflammatory markers, geriatric
and biochemical parameters in frail patients was explored. Finally, a potential cut-off point for
inflammatory biomarkers was determined and tested as a predictor of frailty in our
participants.

Materials and methods
Patients

This cross-sectional study conducted in Tunisia enrolled 141 older adults aged 65 years and
more (80 men, 61 women) over a period of 1 year from March 2018 to March 2019. All partici-
pants were recruited from the Department of Internal Medicine, Fattouma Bourguiba Univer-
sity Hospital (Monastir, Tunisia) and from a nursing home (Sousse, Tunisia). Patients who
were younger than 65 years, unable to communicate, who had major medical urgencies or
severe dementia, or who did not provide their informed consent were excluded.

Data were collected through questionnaires, medical history, clinical examination, geriatric
assessment, and laboratory analysis. Weight and height were measured using standard tech-
niques. Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared.
The frailty status of our patients was evaluated using the modified version of the Short Emer-
gency Geriatric Assessment (SEGAm) validated in 2014 by the French Society of Geriatrics
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and Gerontology [13]. The SEGAm includes the parameters age, patient provenance, number
of medicines, cognitive functions, humor, nutritional status, degree of dependency, history of
falls, and comorbidities. Each item was scored as 0 (most favorable state), 1, or 2 (least favor-
able state). The maximum score is 26 points, representing the highest level of frailty. Individu-
als scoring from 0 to 8 points are considered “non-frail”, scores of 9 to 11 are considered
“frail”, and scores of 12 points or more “severe frail”. All patients underwent comprehensive
geriatric assessment (CGA) including an evaluation of depression (Mini Geriatric Depression
Scale [Mini-GDS]) [14], cognitive status (Mini-cognitive [Mini-Cog]) [15], nutritional status
(Mini Nutritional Assessment Short-Form [MNA-SF] with a cut-off score of 8) [16], func-
tional status (Activities of Daily living [ADL]) [17], and gait performance and mobility (Timed
Up and Go test [TUG]) [18]. Activities of daily living were assessed with the Katz score, which
comprises six items (bathing, dressing, toileting, transferring, continence and feeding); each
item was scored as dependent vs independent. The total score ranges from 0 (dependent) to 6
(independent). Dependency was defined as deterioration in at least one domain of the ADL
(score < 6). The CGA was considered abnormal if the patient had one of the following criteria:
Mini-GDS > 1/4, MNA-SF < 8/14, ADL < 5/6, or TUG > 20 seconds.

Ethical approval for the study was granted by the Research Ethics Committee of Fattouma
Bourguiba University Hospital, and written informed consent was obtained from all partici-
pants. The CGA and data collection were carried out by a trained clinical research associate.

Biomarker measurements

Venous blood samples were collected into serum tubes after overnight fasting. All samples
were centrifuged at 3500 rpm for 10 min at 4°C, and the serum was divided into several ali-
quots which were immediately frozen at —80°C and stored until pro-inflammatory cytokine
(TNF-q, IL-6, and IL-8) analysis. Serum pro-inflammatory markers were detected by sand-
wich enzyme-linked immunosorbent assay (ELISA), and all assays were performed according
to the manufacture’s protocols. Conventional biochemical parameters in older patients,
including CRP, glycemia, glycated hemoglobin, and albumin, were measured at the biochemis-
try laboratory of Fattouma Bourguiba University Hospital in Monastir.

Statistical analyses

General results in the study population, classified according to frailty status, were analyzed
with the Statistical Package for Social Sciences (SPSS 16.0 for Windows). The distribution of
variables was checked for normality with the Kolmogorov-Smirnov test. Clinical, geriatric,
and biochemical characteristics of the participants with different frailty status were compared
with the x2 test for categorical variables, parametric one-way ANOVA, and Duncan’s multiple
range test or non-parametric Kruskal-Wallis test for continuous variables. The Spearman cor-
relation test was used to determine the relationships between inflammatory biomarkers, geriat-
ric, and biochemical parameters among frailty groups. Univariate and age adjusted analyses
were conducted. The results were considered statistically different at a p-value of 0.05 or less.
Receiver operating characteristic (ROC) curves were used to test the ability of the inflamma-
tory biomarkers to discriminate non-frail from frail participants.

Results
Clinical, geriatric and biochemical characteristics of patients

The patients were classified according to their SEGAm score into three groups as follows:
group 1, non-frail (SEGAm <8, n = 50 patients); group 2, frail (8 < SEGAm <11, n =40
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patients); and group 3, very-fail (SEGAm >11, n = 51 patients). The characteristics of this
study population are summarized in Table 1. Very-frail participants were significantly older
than frail and non-frail participants, with a median age of 80 [range 73-85] years vs 77 [71-
81.7] years in the frail group, and 69 [66-72.2] years in the non-frail group (p<0.001). The
majority of frail and very-frail participants were living in nursing homes, while more than 80%
of non-frail participants were living with their family. Very-frail participants, compared to frail
and non-frail ones, had a significantly lower BMI of 23.27+4.59 kg/m?vs 25.92+4.92 kg/m” and
26.11+4.71 kg/m” for very frail, frail and non-frail counterparts, respectively (p = 0.014). The
Mini-Cog score decreased with frailty severity. Only 36% of non-frail individuals were at risk
of depression vs more than 90% of very-frail patients. The MNA-SF score decreased, and con-
sequently the risk of malnutrition increased with frailty severity. Severely frail patients had the

Table 1. Characteristics of older adults according to SEGAm score.

Characteristic Non-frail n = 50 Frail n = 40 Very-frail n = 51 p value
Assessment of general data
Age, years, median (range) 69 (66-72.25) 77 (71-81.75) 80 (73-85) <0.001
Age > 80 years, n (%) 4(8) 15 (37.5) 26 (51) <0.001
Gender: female/male, n (%) 15/35 19/21 27/24 0.054
BMI, kg/m?, mean + SD 26,11 +4.71° 25.92 +4.92° 2327 + 459° 0.014
Assessment of living condition <0.001
With spouse, n (%) 30 (60) 6 (15) 9 (17.6)
With children, n (%) 12 (24) 9 (22.5) 12 (23.5)
Nursing home, n (%) 8 (16) 25 (62.5) 30 (59)
Assessment of general health status
Diabetes, n (%) 24 (48) 10 (25) 17 (33.3) 0.068
Hypertension, n (%) 22 (44) 20 (50) 30 (58.8) 0.325
Dyslipoproteinemia, n (%) 7 (14) 5(12.5) 5(9.8) 0.807
Other, n (%) 32 (64) 28 (70) 43 (84.3) 0.062
Polypharmacy > 3 n (%) 30 (60) 23 (57.5) 35 (69) 0.503
Assessment of cognitive status and mood
Mini-Cog score, median (range) 4 (3-5) 2 (2-3) 1(0-2) <0.001
Mini-GDS score, median (range) 0(0-1) 3(1-4) 4 (4-4) <0.001
Mini-GDS > 1, n (%) 18 (36) 33 (82.5) 46 (90.2) <0.001
Assessment of nutritional status
MNA-SF score, median (range) 12 (10-14) 8.5 (7-10) 5(4-7) <0.001
MNA-SF at risk of malnutrition < 8, n (%) 2(4) 12 (30) 44 (86.3) <0.001
Assessment of living independence
ADL score, median (range) 6 (3.5-6) 4.5 (3.6-5.5) 2 (0-4.5) <0.001
ADL < 5, n (%) 8 (16) 22 (55) 49 (96) <0.001
Assessment of physical performance
Timing TUG, seconds, median (range) 17.23 (13.76-20.46) 27.41 (18.23-29.73) 28.49 (20.81-31.52) <0.001
Assessment of biochemical data
Glycemia, mmol/l, median (range) 7.3 (5.8-10.2) 5.9 (4.9-6.55) 5.5 (4.6-7.8) 0.014
HbAIc, %, median (range) 7.7 (6.8-8.6) 6.4 (5.7-8) 6.9 (6.1-9.32) 0.36
Albumin, g/l, mean + SD 36.30 + 6.16 *° 39.81 +4.69° 33.65 + 9.66 ° 0.006

* b Different superscript letters in the same row indicate significant difference between values at p<0.05 (Duncan’s multiple range test).

BMI, Body mass index; Mini-Cog, Mini Cognitive; Mini-GDS, Mini Geriatric Depression Scale; MNA-SF Mini Nutritional Assessment Short-Form ADL, Activities of

Daily Living; TUG, Timed Up and Go; HbAlc, hemoglobin Alc.

https:/doi.org/10.1371/journal.pone.0242152.t001
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lowest ADL score (p<0.001). Only 16% of the non-frail group had ADL dependency, whereas
ADL dependency was present in 96% of the very-frail group. The TUG test times increased sig-
nificantly with frailty severity. Mean serum albumin level was significantly lower in the very-
frail group compared to the frail and non-frail groups. Glycemia decreased significantly as
frailty increased.

Serum levels of inflammatory biomarkers

The inflammatory biomarker levels tested in all three frailty groups are shown in Table 2.
TNEF-a level was significantly higher in the very-frail group (28.71 pg/ml [27-32.78]) than in
the frail (25.54 pg/ml [24.23-28.03]) and non-frail groups vs (21.16 pg/ml [25.33-30.97])
(p<0.003). Similarly, IL-8 levels were significantly higher in the very-frail group (22.31 pg/ml
[12.63-32.98]) compared to the frail (9.69 pg/ml [6.66-17.95]) and non-frail groups (19.91 pg/
ml [11.34-24.95]) (p<0.001). The very-frail group had also a significantly higher CRP level
compared to the other patients. As expected, serum CRP levels showed a strong, significant
association with prevalent frailty after adjusting for age. Likewise, IL-8 was associated with
frailty in the unadjusted and age-adjusted models. The association of TNF-o. with frailty
reached borderline statistical significance after adjusting for age. As in the unadjusted analysis,
there was no age-adjusted association between IL-6 level and frailty group.

The ROC curve was performed to assess how well pro-inflammatory biomarkers predicted
frailty. The non-frail and frail groups were used as the standard (Fig 1). An IL-8 level of 5.27
pg/ml was considered the predictive threshold for frailty, with an area under the ROC curve
(AUC) of 0.7 (p = 0.003; 95% CI [0.58-0.81]). In addition, a TNF-c level of 22.71 was consid-
ered the predictive threshold of frailty, with an AUC of 0.66 (p = 0.016; 95% CI [0.54-0.79]).

Correlation between inflammatory biomarkers, geriatric parameters, and
functional status in frailty groups

Possible correlations between inflammatory biomarkers, geriatric parameters, and functional
status were investigated in each frailty group. Frailty score was positively associated with
serum levels of the inflammatory biomarkers IL-6 (r = 0.34, p = 0.001), IL-8 (r = 0.282,

p =0.007), and CRP; (r = 0.33, p = 0.005) (Table 3). Evaluation of the relationship of inflamma-
tory biomarkers with nutritional status and functional performance showed that IL-8 levels
were associated with poorer physical performance as reflected by higher TUG times (r = 0.31,

Table 2. Baseline inflammatory biomarker profile.

Inflammatory biomarkers Non-frail Frail Very-frail Unadjusted Adjusted
n=>50 n =40 n=>51 p value p value

TNF-a, pg/ml, 21.16 25.54 28.71 0.003 0.046
median (range) (25.33-30.97) (24.23-28.03) (27-32.78)

IL-8, pg/ml, 19.91 9.69 2231 <0.001 0.033
median (range) (11.34-24.95) (6.66-17.95) (12.63-32.98)

IL-6, pg/ml, 12.22 9.19 11.08 0.118 0.421
median (range) (8.03-16.24) (7.73-11.05) (8.38-18.52)

CRP, mg/l, 12.13 6 63 0.01 0.003
median (range) (4.97-28.5) (3.27-60.4) (12.10-104.5)

TNF-a, tumor necrosis factor-o; IL-8, interleukin-8; IL-6, interleukin-6; CRP, C-reactive protein.

Adjusted p value obtained after adjustment for age.

https://doi.org/10.1371/journal.pone.0242152.t002
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Fig 1. Receiver-operating characteristic (ROC) curves for TNF-a, I1-6 and I1-8 as predictors of frailty. TNF-a,
tumor necrosis factor-o; IL-6, interleukin-6; IL-8, interleukin-8.

https://doi.org/10.1371/journal.pone.0242152.9001

Table 3. Correlations between inflammatory biomarkers and geriatric and biochemical parameters.

Parameters TNF-o IL-6 IL-8 CRP
r P r p r P r P
Geriatric parameters
Frailty SEGAm score 0.15 0.17 0.34 0.001 0.28 0.007 0.33 0.005
TUG time 0.1 0.52 0.11 0.45 0.31 0.03 0.03 0.823
MNA-SF score -0.10 0.34 -0.25 0.021 -0.15 0.16 -0.37 0.001
ADL score -0.218 0.04 -0.33 0.002 -0.21 0.05 —-0.38 0.001
Biochemical parameters
Albumin, g/1 -0.22 0.04 -0.43 <0.001 0.05 0.65 —0.62 <0.001
HbAlc, % -0.13 0.50 0.51 0.005 0.38 0.047 0.35 0.13

TNF-a, tumor necrosis factor-a; IL-8, interleukin-8; IL-6, interleukin-6; CRP, C-reactive protein; SEGAm, modified Short Emergency Geriatric Assessment; TUG
Timed Up and Go; MNA-SF, Mini Nutritional Assessment Short-Form; ADL, Activities of Daily Living; HbAlc, hemoglobin Alc.

https://doi.org/10.1371/journal.pone.0242152.t1003

p = 0.03). However, IL-6 was negatively correlated with MNA-SF (r = -0.25, p = 0.02) and
ADL scores (r = —0.33, p = 0.002). In addition, CRP was negatively correlated with MNA-SF

(r =-0.37; p =0.001) and ADL scores (r = —0.38; p = 0.001). Albumin level was negatively cor-
related with TNF-a. (r = -0.22; p = 0.04), IL-6 (r = —0.43; p<0.01) and CRP level (r = —0.62,
p<0.01). Serum HbA1c was positively correlated with IL-6 level (r = 0.51, p = 0.005).
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Discussion

This study demonstrates that, compared to non-frail older persons, those with frailty were
more likely to be 80 years old or more, with a predominance of females, those living in nursing
home, and those with low BMI, in accordance with other studies of frail elderly populations
[19, 20]. In addition, our findings indicate that frailty is mostly associated with cognitive
impairment, risk of depression, altered nutritional status, and a decline in functional domains
(ADL and TUG). This link between frailty and cognitive, nutritional, and functional decline
has also been reported in previous studies [21-24]. Frailty is the most problematic expression
of aging. The causes of this syndrome are physical, biological, social, and environmental fac-
tors. Thus, frailty is characterized by age-associated cumulative declines in multiple physiolog-
ical systems, with weakness, low physical activity level, and malnutrition. People categorized as
frail were observed to have more adverse outcomes compared to non-frail people, e.g. depen-
dency, disability, falls and delirium [25].

The present study provides a comprehensive examination of the relationships between pro-
inflammatory markers (TNF-o,, IL-6, IL-8, and CRP) and frailty. Our results show positive
associations between frailty score and serum IL-6, IL-8, and CRP levels. Some recent studies
have also noted that the severity of frailty is associated with pro-inflammatory state, which has
been considered to be at the center of the process leading to frailty [26-28]. It is generally rec-
ognized that older age is characterized by increased serum levels of pro-inflammatory markers.
This dysregulation suggests a low level of chronic inflammation-a phenomenon called
“inflammaging”-which contributes to the pathogenesis of age-related diseases and exacerba-
tion of chronic diseases [29]. Singh et al. reported that aging is accompanied by increases in
serum levels of several pro-inflammatory mediators even in apparently healthy individuals,
and in the absence of acute infection [30]. This persistent inflammation, also designed low-
grade inflammation, is considered a key component in the development of frailty syndrome
[29-31]. Bian et al. found that with aging, inflammatory factors increased significantly, and
serum pro-inflammatory markers increased two- to four-fold, even in elderly persons without
chronic diseases [32]. In contrast, two studies that followed older participants without frailty at
baseline, showed that levels of both CRP and IL-6 were not associated with a higher risk of
frailty [33, 34]. A possible hypothesis for this lack of association is that these inflammatory
markers are not associated with a predisposition to frailty, but may increase once frailty has set
in. Another hypothesis is that frail people are sensitive to acute diseases that could increase
inflammatory parameters during the follow-up period; however, neither of these studies
adjusted their analyses for inherent changes in these markers.

In the present study, as shown in Table 2, the frail group had lower levels of IL-6 and IL-8
than the non-frail and very-frail groups. In addition, the group of frail participants had a lower
frequency of type 2 diabetes. Studies focusing in diabetes found that patients with type 2 diabe-
tes had a marked elevation of circulating IL-8 and IL-6 levels [35]. These findings support the
hypothesis of the potential role of IL-8 and IL-6 as markers of inflammation in patients with
diabetes.

A recent meta-analysis that included 32 cross-sectional studies and 23,910 older participants
concluded that frailty was associated with significantly higher serum inflammatory parameters
(CRP, IL- 6 and TNF-a) compared to non-frail participants [27]. The relationship between
inflammation and frailty appears to be complex and multifactorial. First, as confirmed by our
analyses, frail persons are older than robust participants, and as noted above, aging is associated
with low-grade inflammation called inflammaging. Second, frail people appear to have a signifi-
cant decline in immune parameters such as T-cell activity and antibody production, associated
with an increase of oxidative stress markers and a decline in antioxidant capacity leading to the
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accumulation of pro-inflammatory factors. These changes are called immunosenescence and
are lifestyle-modifiable factors that may also play a key role in inflammatory processes [5].
Finally, frailty with aging is associated with a decline in muscle mass coupled with an increase
in fat mass. In fact, the combination of sarcopenia and obesity (sarcopenic obesity) has a detri-
mental impact on and important consequences for systemic inflammation [33, 36]. In this con-
nection, it was shown that adipocytes release more reactive oxygen species and pro-
inflammatory cytokines, leading to a continuous state of inflammation [37].

Furthermore, the present study demonstrates that very-frail participants had significantly
higher IL-8 levels than non-frail and frail ones. Analysis of the ROC curve corresponding to
IL-8 showed an AUC of 0.7 (p = 0.003; 95% CI [0.58-0.81]) and a predictive threshold of 5.27
pg/ml. This suggests a 70% likelihood of correctly distinguishing a frail from a non-frail patient
based on the concentration of IL-8. Lower serum IL-8 level correlated with worse functional
status (ADL, TUG), and like serum IL-6 and CRP levels, was positively correlated with frailty
scores. Few previous studies have reported higher circulating IL-8 concentration in the frail
older population [38, 39]. Recently, Hsu et al. found a weak association between IL-8 and
frailty, which suggests that it might also have a role in this syndrome [38]. Edvardsson et al.
also reported that elevated levels of IL-8 during 1-year follow-up were related to reduced life
expectancy in nursing home residents [39]. The present study is, to the best of our knowledge,
the first designed to investigate IL-8 profile in elderly persons with frailty and investigate its
relationship with both the findings of geriatric evaluation and biochemical parameters in the
Tunisian population. However, the mechanism underlying the association between IL-8 and
frailty in older persons remains unclear. Both IL-6 and IL-8 have been previously proposed as
important intervening cytokines in cellular senescence and the senescence-associated secretory
phenotype (SASP) [38]. In light of previous findings taken together with the positive correla-
tions in the present study, we postulate that these cytokines are not only markers of chronic
inflammation, but may also precipitate aging-related frailty.

We also investigated the association between serum inflammatory markers (IL-6, IL-8,
TNF-a, and CRP) and overall functional decline (ADL and TUG) and malnutrition. Serum
levels of the inflammatory biomarkers TNF-a, IL-6, IL-8, and CRP were negatively correlated
with ADL score. Additionally, both IL-6 and CRP levels were negatively correlated with
MNA-SF score, along with serum albumin level. This study, in consonance with earlier
research, shows that systemic inflammation marked by elevated IL-6, CRP, and TNF-a levels
is associated with functional decline and malnutrition, two central components of the frailty
syndrome [40]. In this connection, Soysal et al. reported that the MNA can be used to detect
frailty with a sensitivity of 66.9% and a specificity of 85.4%, suggesting a very close relationship
between nutritional status and frailty [41, 42]. In addition, higher levels of inflammatory mark-
ers were associated with greater loss of muscle mass and strength, malnutrition leading to sar-
copenia and depression in older adults, all of which are essential elements of frailty [30].
Regarding functional status, a recent prospective study of 88 elderly participants by Ebeid et al.
concluded that frailty was predictive of disability [3]. Moreover, a prospective study of 130
older adults by Ma et al. concluded that serum levels of IL-6 were negatively correlated with
gait speed, which indicates that inflammation is a molecular mechanism underlying physical
frailty [43]. In fact, frailty increases muscle protein catabolism, resulting in sarcopenia and
impaired mobility [42]. One novel aspect of the present study was to examine not only conven-
tional inflammatory biomarkers (CRP, IL-6, and TNF-o), but also IL-8 level. Interestingly, we
found a slight association between IL-8 level and ADL and TUG scores, which suggests that
this cytokine might also have a role in frailty.

Other biochemical parameters have also been investigated as potential indicators of malnu-
trition and inflammation in the elderly. For example, albumin, the most abundant protein in
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human serum, has been used as an indicator of malnutrition in elderly people [44]. Consistent
with our results, previous work reported a clear relationship between serum albumin concen-
trations, frailty and systemic inflammation [45]. Indeed, inflammatory states and in particular,
high levels of IL-6 and TNF-a, were two of the main factors causing low levels of serum albu-
min [44]. A study by Sullivan et al. found that inflammation, particularly as reflected by IL-6
and CRP levels, appears to be a powerful determinant of albumin [46]. In this connection, sys-
temic inflammation was found not only to reduce albumin synthesis but also to increase its
degradation and promote transcapillary leakage [47]. As in the present study, earlier research
demonstrated that nutritional status was closely associated with the degree of frailty [48-50].
Hence, this association supports the presence of link between pro-inflammatory cytokines and
nutritional status. Our findings, in accordance with other studies, provide additional evidence
supporting the hypothesis that higher serum levels of inflammatory biomarkers may have a
negative impact on nutritional status [51]. Recent evidence has linked higher levels of inflam-
matory biomarkers to an increased risk of cognitive decline, dementia and even depression
[52]. However, we found no association between serum levels of IL-6, IL-8, or TNF-o, and
scores on the Mini-Cog or Mini-GDS (results not shown). Other studies have obtained contra-
dictory results, which may be due to differences in methodological approaches and outcome
measures [52]. In this regard we note that a possible limitation of the present study was the use
of short-form tests only (the Mini-Cog and Mini-GDS) in order to rapidly screen our partici-
pants. Our study had other potential limitations. First, the relatively small number of patients
along with variability in the data may have decreased the statistical power. Second, the
observed associations might be influenced by confounders, because of the small sample size.
Lastly, we were unable to apply linear logistic regression analysis to adjust for variables such as
diabetes, hypertension, chronic disease, and polypharmacy, all of which may have influenced
the inflammatory parameters studied here. Despite these limitations, this study also has some
strengths. Detailed information on cognition state, mood, nutritional status, living indepen-
dence, and physical performance allowed us to better understand the frailty phenomenon in
older adults, and the associations of these factors with the inflammatory process. Furthermore,
ours is the first study designed to explore the relationship between serum levels of four inflam-
matory markers and frailty in a sample of North African and Tunisian older adults, who
belong to a population known for its high adherence to the Mediterranean diet, which is
enriched in nutrients with anti-inflammatory effects. Potentially fruitful areas for further
research aimed at elucidating the role of inflammatory mediators in the pathogenesis of frailty,
thus include evaluating the primarily causal or compensatory nature of the association
between frailty and inflammation, determining whether an association exists between inflam-
matory markers and nutrient intake, and investigating the possible link between genotype and
the development of frailty.

Conclusion

In conclusion, our findings in a sample of older adults in Tunisia suggest that frailty was most
clearly associated with cognitive impairment, risk of depression, altered nutritional status, and
the domain of functional decline. In addition frailty was associated with more inflammation
since frail participants had significantly higher serum levels of CRP, TNF-c, and IL-8. On the
other hand, we found a significant negative correlation between inflammatory markers (IL-6
and CRP) and MNA-SF score. We suggest that increased serum levels of TNF-a, IL-6, IL-8,
and CRP may be related with significant detrimental effects on daily living activities. Future
work is required to better understand whether these cytokines can be used as potential bio-
markers of frailty.

PLOS ONE | https://doi.org/10.1371/journal.pone.0242152 November 9, 2020 9/13


https://doi.org/10.1371/journal.pone.0242152

PLOS ONE

Pro-inflammatory cytokines in frail adults

Supporting information

S1 Data. Cytokine data.
(XLSX)

Acknowledgments

The authors are grateful to the registered nurses, nursing assistants, physicians and nursing
home residents who helped us to gather data. We wish to express our gratitude to Prof F Has-
sine Naffati for performing some biochemical analyses, to Prof M Vandewoude of the Univer-
sity of Antwerp for his dedicated efforts to review this manuscript, and to K Shashok
(AuthorAID in the Eastern Mediterranean) for improving the technical editing and use of
English in the manuscript.

Author Contributions

Conceptualization: Sonia Hammami.

Data curation: Sonia Hammami, Imen Ghzaiel, Souha Hammouda.
Formal analysis: Imen Ghzaiel.

Investigation: Sonia Hammami, Imen Ghzaiel.

Methodology: Sonia Hammami.

Validation: Mohamed Hammami.

Writing - original draft: Sonia Hammami.

Writing - review & editing: Nabil Sakly, Mohamed Hammami, Amira Zarrouk.

References

1. Hammami S, Mehri S, Hajem S, Koubaa N, Souid H, Hammami M. Prevalence of diabetes mellitus
among non-institutionalized elderly in Monastir City. BMC Endocrine Disorders. 2012; 12:15. https://
doi.org/10.1186/1472-6823-12-15 PMID: 22898260

2. HammamiS., Hammami A.S., Abyad A. (2020) Older Population and the Health System. In: Laher I.
(eds) Handbook of Healthcare in the Arab World. Springer, Cham.

3. Ebeid SM, El Akkad RM, Kamel MA, et al. Frailty prevalence and correlates among free living elderly in
an egyptian rural elderly. IJRSR. 2016; 2: 8902—7.

4. von Zglinicki T, Varela Nieto |, Brites D, Karagianni N, Ortolano S, Georgopoulos S, et al. Frailty in
mouse ageing: A conceptual approach. Mech Ageing Dev. 2016 Dec; 160: 34—40. https://doi.org/10.
1016/j.mad.2016.07.004 PMID: 27443148

5. LiH, ManwaniB, Leng SX. Frailty, inflammation, and immunity. Aging Dis. 2011; 2(6):466—73. PMID:
22396895

6. Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al. Proinflammatory cytokines, aging,
and age-related diseases. J Am Med Dir Assoc. 2013; 14(12):877-82. https://doi.org/10.1016/j.jamda.
2013.05.009 PMID: 23792036

7. Miller RA. The aging immune system: Primer and prospectus. Science 1996; 273:70-74. https://doi.
org/10.1126/science.273.5271.70 PMID: 8658199

8. Fulop T, McElhaney J, Pawelec G, Cohen AA, Morais JA, Dupuis G, et al. Frailty, Inflammation and
Immunosenescence. Interdiscip Top Gerontol Geriatr. 2015; 41: 26—40. https://doi.org/10.1159/
000381134 PMID: 26301977

9. LaiHY, ChangHT, Lee YL, Hwang SJ. Association between inflammatory markers and frailty in institu-
tionalized older men. Maturitas. 2014; 79(3): 329-33. https://doi.org/10.1016/j.maturitas.2014.07.014
PMID: 25132319

PLOS ONE | https://doi.org/10.1371/journal.pone.0242152 November 9, 2020 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242152.s001
https://doi.org/10.1186/1472-6823-12-15
https://doi.org/10.1186/1472-6823-12-15
http://www.ncbi.nlm.nih.gov/pubmed/22898260
https://doi.org/10.1016/j.mad.2016.07.004
https://doi.org/10.1016/j.mad.2016.07.004
http://www.ncbi.nlm.nih.gov/pubmed/27443148
http://www.ncbi.nlm.nih.gov/pubmed/22396895
https://doi.org/10.1016/j.jamda.2013.05.009
https://doi.org/10.1016/j.jamda.2013.05.009
http://www.ncbi.nlm.nih.gov/pubmed/23792036
https://doi.org/10.1126/science.273.5271.70
https://doi.org/10.1126/science.273.5271.70
http://www.ncbi.nlm.nih.gov/pubmed/8658199
https://doi.org/10.1159/000381134
https://doi.org/10.1159/000381134
http://www.ncbi.nlm.nih.gov/pubmed/26301977
https://doi.org/10.1016/j.maturitas.2014.07.014
http://www.ncbi.nlm.nih.gov/pubmed/25132319
https://doi.org/10.1371/journal.pone.0242152

PLOS ONE

Pro-inflammatory cytokines in frail adults

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Oe Y, Mochizuki K, Miyauchi R, Misaki Y, Kasezawa N, Tohyama K, et al. Plasma TNF-a Is Associated
with Inflammation and Nutrition Status in Community-Dwelling Japanese Elderly. J Nutr Sci Vitaminol
(Tokyo). 2015; 61(3):263-9. https:/doi.org/10.3177/insv.61.263 PMID: 26226964

Velissaris D, Pantzaris N, Koniari |, Koutsogiannis N, Karamouzos V, Kotroni |, et al. C-Reactive Protein
and Frailty in the Elderly: A Literature Review. J Clin Med Res. 2017; 9(6): 461—465. https://doi.org/10.
14740/jocmr2959w PMID: 28496545

Oubaya N, Mahmoudi R, Jolly D, Zulfigar AA, Quignard E, Cunin C, et al. Screening for frailty in elderly
subjects living at home: validation of the Modified Short Emergency Geriatric Assessment (SEGAmM)
instrument. J Nutr Health Aging. 2014; 18(8):757—64. https://doi.org/10.1007/s12603-014-0541-1
PMID: 25286456

Clément JP, Nassif RF, Léger JM, Marchan F. Development and contribution to the validation of a brief
French version of the Yesavage Geriatric Depression Scale. Encephale. 1997; 23(2): 91-9. PMID:
9264935

Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for dementia: validation in a popu-
lation-based sample. J Am Geriatr Soc. 2003; 51(10):1451-54. https://doi.org/10.1046/j.1532-5415.
2003.51465.x PMID: 14511167

Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. MNA-International Group. Vali-
dation of the Mini Nutritional Assessment short-form (MNA-SF): a practical tool for identification of nutri-
tional status. J Nutr Health Aging. 2009; 13(9):782-8. https://doi.org/10.1007/s12603-009-0214-7
PMID: 19812868

Katz S, Ford AB, Moskowitz RW, Jckson BA, Jaffe MW. Studies of iliness in the aged. The index of
ADL: a standardized mesure of biological and psychosocial function. JAMA. 1963; 185:914-9. https://
doi.org/10.1001/jama.1963.03060120024016 PMID: 14044222

Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for frail elderly per-
sons. J Am Geriatr Soc.1991; 39: 142-8. https://doi.org/10.1111/j.1532-5415.1991.tb01616.x PMID:
1991946

Zazzetta MS, Gomes GAO, Orlandi FS, Gratdo AC, Vasilceac FA, Gramani-Say K, et al. Identifying
frailty levels and associated factors in a population living in the context of poverty and social vulnerabil-
ity. J Frailty Aging. 2017; 6(1): 29-32. https://doi.org/10.14283/fa.2016.116 PMID: 28244555

Chang SF, Yang RS, Nieh HM, Wen GM. Prevalence and risk factors of frailty phenotype among vulner-
able solitary elderly individuals. Int J Nurs Pract. 2015; 21(3):321—7. https://doi.org/10.1111/ijn.12280
PMID: 24713077

Jesus |, Orlando A, Zazzetta M. Frailty and cognitive performance of elderly in the context of social vul-
nerability. Dement Neuropsychol. 2018; 12(2): 173-80. https://doi.org/10.1590/1980-57642018dn12-
020010 PMID: 29988366

Kurkcu M, Meijer RI, Lonterman S, Muller M, de van der Schueren MAE. The association between nutri-
tional status and frailty characteristics among geriatric outpatients. Clin Nutr ESPEN. 2018; 23:112-16.
https://doi.org/10.1016/j.clnesp.2017.11.006 PMID: 29460785

Rosado-Artalejo C, Carnicero JA, Losa-Reyna J, Guadalupe-Grau A, Castillo-Gallego C, Gutierrez-
Avila G, et al. Cognitive performance across 3 Frailty Phenotypes: Toledo Study for Healthy Aging. J
Am Med Dir Assoc. 2017, 18: 785-90. https://doi.org/10.1016/j.jamda.2017.04.008 PMID:
28623151

Ruan Q, Xiao F, Gong K, Zhang W, Zhang M, Ruan J, et al. Prevalence of Cognitive Frailty Phenotypes
and Associated Factors in a Community-Dwelling Elderly Population. J Nutr Health Aging. 2020; 24(2):
172-80. https://doi.org/10.1007/s12603-019-1286-7 PMID: 32003407

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet. 2013; 381
(9868):752—62. https://doi.org/10.1016/S0140-6736(12)62167-9 PMID: 23395245

Yao X, Huifen L, Sean L. Inflammation and Immune System Alterations in Frailty. Clin Geriatr Med.
2011; 27(1): 79-87. https://doi.org/10.1016/j.cger.2010.08.002 PMID: 21093724

Piotrowicz K, Gasowski J. Risk Factors for Frailty and Cardiovascular Diseases: Are They the Same?
Adv Exp Med Biol. 2020; 1216: 39-50. https://doi.org/10.1007/978-3-030-33330-0_5 PMID: 31894545

Soysal P, Stubbs B, Lucato P, Luchini C, Solmi M, Peluso R, et al. Inflammation and frailty in the elderly:
A systematic review and meta-analysis. Ageing Res Rev. 2016; 31:1-8. https://doi.org/10.1016/j.arr.
2016.08.006 PMID: 27592340

Milan-Mattos JC, Anibal FF, Perseguini NM, Minatel V, Rehder-Santos P, Castro CA, et al. Effects of
natural aging and gender on pro-inflammatory markers. Braz J Med Biol Res. 2019; 52(9): 1—10. https:/
doi.org/10.1590/1414-431X20198392 PMID: 31411315

Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, cardiovascular disease, and frailty.
Nat Rev Cardiol. 2018; 15: 505-22. https://doi.org/10.1038/s41569-018-0064-2 PMID: 30065258

PLOS ONE | https://doi.org/10.1371/journal.pone.0242152 November 9, 2020 11/13


https://doi.org/10.3177/jnsv.61.263
http://www.ncbi.nlm.nih.gov/pubmed/26226964
https://doi.org/10.14740/jocmr2959w
https://doi.org/10.14740/jocmr2959w
http://www.ncbi.nlm.nih.gov/pubmed/28496545
https://doi.org/10.1007/s12603-014-0541-1
http://www.ncbi.nlm.nih.gov/pubmed/25286456
http://www.ncbi.nlm.nih.gov/pubmed/9264935
https://doi.org/10.1046/j.1532-5415.2003.51465.x
https://doi.org/10.1046/j.1532-5415.2003.51465.x
http://www.ncbi.nlm.nih.gov/pubmed/14511167
https://doi.org/10.1007/s12603-009-0214-7
http://www.ncbi.nlm.nih.gov/pubmed/19812868
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1001/jama.1963.03060120024016
http://www.ncbi.nlm.nih.gov/pubmed/14044222
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://www.ncbi.nlm.nih.gov/pubmed/1991946
https://doi.org/10.14283/jfa.2016.116
http://www.ncbi.nlm.nih.gov/pubmed/28244555
https://doi.org/10.1111/ijn.12280
http://www.ncbi.nlm.nih.gov/pubmed/24713077
https://doi.org/10.1590/1980-57642018dn12-020010
https://doi.org/10.1590/1980-57642018dn12-020010
http://www.ncbi.nlm.nih.gov/pubmed/29988366
https://doi.org/10.1016/j.clnesp.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29460785
https://doi.org/10.1016/j.jamda.2017.04.008
http://www.ncbi.nlm.nih.gov/pubmed/28623151
https://doi.org/10.1007/s12603-019-1286-7
http://www.ncbi.nlm.nih.gov/pubmed/32003407
https://doi.org/10.1016/S0140-6736%2812%2962167-9
http://www.ncbi.nlm.nih.gov/pubmed/23395245
https://doi.org/10.1016/j.cger.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21093724
https://doi.org/10.1007/978-3-030-33330-0%5F5
http://www.ncbi.nlm.nih.gov/pubmed/31894545
https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1016/j.arr.2016.08.006
http://www.ncbi.nlm.nih.gov/pubmed/27592340
https://doi.org/10.1590/1414-431X20198392
https://doi.org/10.1590/1414-431X20198392
http://www.ncbi.nlm.nih.gov/pubmed/31411315
https://doi.org/10.1038/s41569-018-0064-2
http://www.ncbi.nlm.nih.gov/pubmed/30065258
https://doi.org/10.1371/journal.pone.0242152

PLOS ONE

Pro-inflammatory cytokines in frail adults

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Singh T, Newman AB. Inflammatory markers in population studies of aging. Ageing Res Rev.2011; 10
(3): 319-29. https://doi.org/10.1016/j.arr.2010.11.002 PMID: 21145432

Hubbard RE, O’Mahony MS, Savva GM, Calver BL, Woodhouse KW. Inflammation and frailty mea-
sures in older people. J Cell Mol Med. 2009; 13(9B):3103-9 https://doi.org/10.1111/j.1582-4934.2009.
00733.x PMID: 19438806

Bian AL, Hu HY, Rong YD, Wang J, Wang JX, Zhou XZ. A study on relationship between elderly sarco-
penia and inflammatory factors IL-6 and TNF-a. Eur J Med Res. 2017, 12; 22(1):25. https://doi.org/10.
1186/s40001-017-0266-9 PMID: 28701179

Baylis D, Bartlett DB, Syddall HE, Ntani G, Gale CR, Cooper C, et al. Immune-endocrine biomarkers as
predictors of frailty and mortality: a 10-year longitudinal study in community-dwelling older people.
Age.2013; 35(3):963-71. https://doi.org/10.1007/s11357-012-9396-8 PMID: 22388931

Reiner AP, Aragaki AK, Gray SL, Wactawski-Wende J, Cauley JA, Cochrane BB, et al. Inflammation
and thrombosis biomarkers and incident frailty in postmenopausal women. Am J Med. 2009; 122(10):
947-54. https://doi.org/10.1016/j.amjmed.2009.04.016 PMID: 19682668

Cimini FA, Barchetta |, Porzia A, Mainiero F, Costantino C, Bertoccini L, et al. Circulating IL-8 levels are
increased in patients with type 2 diabetes and associated with worse inflammatory and cardiometabolic
profile. Acta Diabetol. 2017; 54(10):961-67. https://doi.org/10.1007/s00592-017-1039-1 PMID:
28836077

Porter Starr KN, McDonald SR, Bales CW. Obesity and physical frailty in older adults: a scoping review
of lifestyle intervention trials. J Am Med Dir Assoc. 2014; 15(4): 240-50. https://doi.org/10.1016/j.
jamda.2013.11.008 PMID: 24445063

Rietman ML, van der A DL, van Oostrom SH, Picavet HSJ, Dollé MET, van Steeg H, et al. The Associa-
tion between BMI and Different Frailty Domains: A U-Shaped Curve? J Nutr Health Aging. 2018; 22
(1):8—15. https://doi.org/10.1007/s12603-016-0854-3 PMID: 29300416

Hsu B, Hirani V, Cumming RG, Naganathan V, Blyth FM, Wright FC, et al. Cross-Sectional and Longitu-
dinal Relationships Between Inflammatory Biomarkers and Frailty in Community-dwelling Older Men:
The Concord Health and Ageing in Men Project. J Gerontol A Biol Sci Med Sci. 2019; 74(6):835—41.
https://doi.org/10.1093/gerona/glx142 PMID: 28977375

Edvardsson M, Sund-Levander M, Milberg A, Ernerudh J, Grodzinsky E. Elevated levels of CRP and IL-
8 are related to reduce survival time: 1-year follow-up measurements of different analytes in frail elderly
nursing home residents. Scand J Clin Lab Invest. 2019 Sep; 79(5):288-92. https://doi.org/10.1080/
00365513.2019.1609695 PMID: 31074311

Adriaensen W, Mathei C, Vaes B, van Pottelbergh G, Wallemacq P, Degryse JM. Interleukin-6 predicts
short-term global functional decline in the oldest old: results from the BELFRAIL study. Age (Dordr).
2014; 36(6):9723. https://doi.org/10.1007/s11357-014-9723-3 PMID: 25410483

Soysal P, Isik AT, Arik F, Kalan U, Eyvaz A, Veronese N. Validity of the Mini-Nutritional Assessment
Scale for Evaluating Frailty Status in Older Adults. J Am Med Dir Assoc. 2019; 20(2):183-187. https:/
doi.org/10.1016/j.jamda.2018.07.016 PMID: 30262439

Soysal P, Veronese N, Arik F, Kalan U, Smith L, Isik AT. Mini Nutritional Assessment Scale-Short Form
can be useful for frailty screening in older adults. Clin Interv Aging. 2019; 14:693-699. https://doi.org/
10.2147/CIA.S196770 PMID: 31118593

MaL, Sha G, Zhang Y, Li Y. Elevated serum IL-6 and adiponectin levels are associated with frailty and
physical function in Chinese older adults. Clin Interv Aging. 2018 15; 13:2013-2020. https://doi.org/10.
2147/CIA.S180934 PMID: 30410318

Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe |, Marin-Ciancas F, Malafarina V. Serum albu-
min and health in older people: Review and meta analysis. Maturitas. 2015; 81(1):17-27. https://doi.
org/10.1016/j.maturitas.2015.02.009 PMID: 25782627

Hong X, Yan J, Xu L, Shen S, Zeng X, Chen L. Relationship between nutritional status and frailty in hos-
pitalized older patients. Clin Interv Aging. 2019; 14:105—-111. https://doi.org/10.2147/CIA.S189040
PMID: 30666096

Sullivan DH, Johnson LE, Dennis RA, Roberson PK, Heif M, Garner KK, et al. The Interrelationships
among albumin, nutrient intake, and inflammation in elderly recuperative care patients. J Nutr Health
Aging. 2011; 15(4), 311-315. hitps://doi.org/10.1007/s12603-010-0297-1 PMID: 21437564

Vavrova L, Rychlikova J, Mrackova M, Novakova O, Zak A, Novak F. Increased inflammatory markers
with altered antioxidant status persist after clinical recovery from severe sepsis: a correlation with low
HDL cholesterol and albumin. Clin Exp Med. 2016; 16(4):557—69. https://doi.org/10.1007/s10238-015-
0390-1 PMID: 26416404

Valentini A, Federici M, Cianfarani MA, Tarantino U, Bertoli A. Frailty and nutritional status in older peo-
ple: the Mini Nutritional Assessment as a screening tool for the identification of frail subjects. Clin Interv
Aging. 2018; 13; 13:1237-44. https://doi.org/10.2147/CIA.S164174 PMID: 30034227

PLOS ONE | https://doi.org/10.1371/journal.pone.0242152 November 9, 2020 12/13


https://doi.org/10.1016/j.arr.2010.11.002
http://www.ncbi.nlm.nih.gov/pubmed/21145432
https://doi.org/10.1111/j.1582-4934.2009.00733.x
https://doi.org/10.1111/j.1582-4934.2009.00733.x
http://www.ncbi.nlm.nih.gov/pubmed/19438806
https://doi.org/10.1186/s40001-017-0266-9
https://doi.org/10.1186/s40001-017-0266-9
http://www.ncbi.nlm.nih.gov/pubmed/28701179
https://doi.org/10.1007/s11357-012-9396-8
http://www.ncbi.nlm.nih.gov/pubmed/22388931
https://doi.org/10.1016/j.amjmed.2009.04.016
http://www.ncbi.nlm.nih.gov/pubmed/19682668
https://doi.org/10.1007/s00592-017-1039-1
http://www.ncbi.nlm.nih.gov/pubmed/28836077
https://doi.org/10.1016/j.jamda.2013.11.008
https://doi.org/10.1016/j.jamda.2013.11.008
http://www.ncbi.nlm.nih.gov/pubmed/24445063
https://doi.org/10.1007/s12603-016-0854-3
http://www.ncbi.nlm.nih.gov/pubmed/29300416
https://doi.org/10.1093/gerona/glx142
http://www.ncbi.nlm.nih.gov/pubmed/28977375
https://doi.org/10.1080/00365513.2019.1609695
https://doi.org/10.1080/00365513.2019.1609695
http://www.ncbi.nlm.nih.gov/pubmed/31074311
https://doi.org/10.1007/s11357-014-9723-3
http://www.ncbi.nlm.nih.gov/pubmed/25410483
https://doi.org/10.1016/j.jamda.2018.07.016
https://doi.org/10.1016/j.jamda.2018.07.016
http://www.ncbi.nlm.nih.gov/pubmed/30262439
https://doi.org/10.2147/CIA.S196770
https://doi.org/10.2147/CIA.S196770
http://www.ncbi.nlm.nih.gov/pubmed/31118593
https://doi.org/10.2147/CIA.S180934
https://doi.org/10.2147/CIA.S180934
http://www.ncbi.nlm.nih.gov/pubmed/30410318
https://doi.org/10.1016/j.maturitas.2015.02.009
https://doi.org/10.1016/j.maturitas.2015.02.009
http://www.ncbi.nlm.nih.gov/pubmed/25782627
https://doi.org/10.2147/CIA.S189040
http://www.ncbi.nlm.nih.gov/pubmed/30666096
https://doi.org/10.1007/s12603-010-0297-1
http://www.ncbi.nlm.nih.gov/pubmed/21437564
https://doi.org/10.1007/s10238-015-0390-1
https://doi.org/10.1007/s10238-015-0390-1
http://www.ncbi.nlm.nih.gov/pubmed/26416404
https://doi.org/10.2147/CIA.S164174
http://www.ncbi.nlm.nih.gov/pubmed/30034227
https://doi.org/10.1371/journal.pone.0242152

PLOS ONE

Pro-inflammatory cytokines in frail adults

49.

50.

51.

52,

Daniele A, Divella R, Abbate I, Casamassima A, Garrisi VM, Savino E, et al. Assessment of Nutritional
and Inflammatory Status to Determine the Prevalence of Malnutrition in Patients Undergoing Surgery
for Colorectal Carcinoma. Anticancer Res. 2017; 37(3):1281-87. https://doi.org/10.21873/anticanres.
11445 PMID: 28314293

Hammami S, Zarrouk A, Piron C, Almas |, Sakly N, Latteur V. Prevalence and factors associated with
frailty in hospitalized older patients. BMC Geriatr. 2020; 20(1):144. https://doi.org/10.1186/s12877-020-
01545-4 PMID: 32306905

Tan CS, Read JA, Phan VH, Beale PJ, Peat JK, Clarke SJ. The relationship between nutritional status,
inflammatory markers and survival in patients with advanced cancer: a prospective cohort study. Sup-
port Care Cancer. 2015; 23(2):385-91. https://doi.org/10.1007/s00520-014-2385-y PMID: 25112562

Shen XN, Niu LD, Wang YJ, Cao XP, Liu Q, Tan L, et al. Inflammatory markers in Alzheimer’s disease
and mild cognitive impairment: a meta-analysis and systematic review of 170 studies. J Neurol Neuro-
surg Psychiatry. 2019; 90(5): 590-8 https://doi.org/10.1136/jnnp-2018-319148 PMID: 30630955

PLOS ONE | https://doi.org/10.1371/journal.pone.0242152 November 9, 2020 13/13


https://doi.org/10.21873/anticanres.11445
https://doi.org/10.21873/anticanres.11445
http://www.ncbi.nlm.nih.gov/pubmed/28314293
https://doi.org/10.1186/s12877-020-01545-4
https://doi.org/10.1186/s12877-020-01545-4
http://www.ncbi.nlm.nih.gov/pubmed/32306905
https://doi.org/10.1007/s00520-014-2385-y
http://www.ncbi.nlm.nih.gov/pubmed/25112562
https://doi.org/10.1136/jnnp-2018-319148
http://www.ncbi.nlm.nih.gov/pubmed/30630955
https://doi.org/10.1371/journal.pone.0242152

