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Abstract

Anorexia of aging and biological aging might share physiological
underpinnings. The aim of this secondary analysis was to investigate
the associations between circulating inflammation-related markers
and anorexia of aging in community-dwelling older adults.
C-reactive protein (CRP), tumor necrosis factor receptor-1 (TNFR-1),
interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1) and
growth/differentiation factor-15 (GDF-15) were measured in plasma.
Anorexia of aging was defined by the response “severe/moderate
decrease in food intake” to the first item of the Mini-Nutritional
Assessment. We included 463 subjects (median age=74y, IQR=71-
78; 63.1% women). 33 subjects (7.1%) presented with anorexia at
baseline, whereas 25 out of 363 (6.9%) developed it along 1-year
follow-up. We found that TNFR1 (OR=1.74, 95%CI=1.27-2.39)
and GDF-15 (OR=1.38, 95%CI=1.01-1.89) were associated with a
significant increase in the odds of presenting with anorexia of aging
cross-sectionally. No further significant associations were found.
Biological aging mechanisms might be involved in the pathogenesis of
anorexia of aging.

Key words: Biomarkers, anorexia of aging, inflammation,
malnutrition.

Introduction

norexia of aging is defined as the reduction in
appetite at older age (1). Secondary overt reductions
in food intake may lead to derangements in the
balance between quantity and quality of energy and nutrients
ingested, and physiological demands (2). Consequently,
anorexia of aging results in the development of detrimental
outcomes at older age such as malnutrition, immune
dysfunction, weight loss, frailty, cognitive decline, sarcopenia
and increased morbidity and mortality (3-6). Therefore, it is
of utmost importance to improve the understanding of the
biological mechanisms contributing to anorexia of ageing in
the context of aging physiology, in order to unveil therapeutic
targets for the development of timely preventive and treatment
options (7-9).
Given the close association between aging and reductions
in food intake, experts have suggested that the aging process
and anorexia of aging (similarly to other geriatric syndromes)
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might share biological underpinnings (10). Consequently,
intervening and slowing down biological aging might as
well positively impact anorexia of aging (11). Chronic low-
grade inflammation, one of the so-called hallmarks of aging,
characterized by high levels of circulating pro-inflammatory
peptides (12), is gaining attention given its anorexigenic
potential (13, 14) and its involvement in the pathogenesis of
downstream consequences of anorexia, such as malnutrition,
sarcopenia and frailty (15). Despite links between inflammation
and appetite reductions have systematically been observed in
conditions such as renal failure, cancer-related cachexia or
among hospitalized older adults (16, 17), less is known on the
role of chronic inflammation in the absence of severe disease.

Therefore, the aim of this study is to explore the association
between plasma inflammation-related biomarkers (C-reactive
protein [CRP], tumor necrosis factor receptor-1 [TNFR-1],
interleukin-6 [IL-6], monocyte chemoattractant protein-1
[MCP-1] and growth/differentiation factor-15 [GDF-15]
and both prevalence and incidence of anorexia of aging in
community-dwelling older adults. We hypothesize that greater
levels of circulating inflammation-related markers would be
related to anorexia of aging and its development over a 1-year
follow-up.

Methods

Study design

This is a secondary analysis of the MAPT study
(Multidomain Alzheimer Preventive Trial, ClinicalTrials.
gov [NCT00672685]). In summary, MAPT was a four-arm
randomized clinical trial designed to explore the effectiveness
of a multidomain intervention (nutrition and physical activity
advice and cognitive stimulation) with/without omega 3
polyunsaturated fatty acid (PUFA) supplementation on the
prevention of cognitive decline compared to placebo over a
3-year time frame among community-dwelling older adults
(18). Subjects were followed-up for two years after the end
of the intervention. Details of the design of the study can be
found elsewhere (18). Present analyses include a subsample
of the MAPT study with available data on both plasma-based
biomarkers (measured at the 12-month visit) and anorexia-
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Figure 1. Flowchart of the MAPT participants included in present analyses
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related information at 12-month and/or 24-month (when
anorexia-related information was last measured) follow-up
visits in MAPT. The present study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines. The ethics committee in Toulouse
(CPP SOOM 1I) approved MAPT protocol, that followed the
Declaration of Helsinki. Participants provided written consent
forms prior to participation.

Participants

MAPT study included community-dwelling older adults (age
=70 years) presenting with spontaneous memory complaints,
difficulty in one instrumental activity of daily living or low
gait speed (<0.8 meters per second). Dependency for basic
activities of daily living, contraindications for the intervention,
a Mini-Mental State Examination score below 24 or having
been supplemented with omega-3 PUFA in the 6 prior months
constituted the exclusion criteria for participation.

Inflammation-related biomarkers assessment

CRP (in mg/mL) was measured by immunoturbidity
according to standard protocols. Plasma levels of IL-6,
TNFR-1, MCP-1 and GDF-15 were assessed using the fully
automated immunoassay platform Ella (Bio-Techne, San Jose,
CA, USA) as described elsewhere (19). The obtained protein
concentrations were calculated by the internal instrument
software and displayed in pg/mL.

Anorexia of ageing

Anorexia of ageing was defined based on the response to
the first item in the Mini-Nutritional Assessment tool (20):

“Has food intake declined over the past 3 months due to
loss of appetite, digestive problems, chewing or swallowing
difficulties?”. Subjects reporting “severe/moderate decrease
in food intake” were classified as presenting with anorexia of
aging, whereas those reporting “no decrease in food intake”
constituted the no anorexia group. Anorexia of aging incidence
was defined as the evolution to a positive response at the
24-month visit (12 months after the clinical assessment and
biological sampling) among those with absence of anorexia at
baseline.

Confounders

Covariates consisted of age, sex, and the number of
comorbidities (among cardiovascular diseases, chronic
respiratory disease, cancer, type 2 diabetes, depression and
dementia). The number of comorbidities was selected as a
covariate given its potential association with increased levels of
inflammatory markers.

Statistical analysis

—+

Descriptive statistics (median + interquartile range or
frequencies and percentages, as appropriate) were used for the
characterization of the study population. Baseline differences
between people with anorexia and those without were
ascertained by means of the Mann-Whitney’s U test in the
case of continuous, and the 7> test in the case of categorical
variables.

Associations between levels of blood-borne markers and
anorexia of aging were explored both cross-sectionally and
longitudinally (incident anorexia at l-year) by means of
multivariate logistic regression models adjusted by age, sex
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Table 1. Baseline characteristics of the population according to the anorexia of ageing status at baseline

Variables Whole population No anorexia of ageing Anorexia of ageing*  Statistic Z-statistic =~ p-value
N (%) or mean (SD) (N=463) (N=430) (N=33) or y?

Age, years 74 (71-78) 74 (71-78) 77 (72-80) -1.80 0.07
Female Sex, n (%) 292 (63.07%) 273 (63.49%) 19 (57.58%) 046 0.49
N of comorbidities 1(0-1) 1(0-1) 1 (0-2) -2.073 0.04
TNFR1 pg/mL 1141 (962-1356) 1132 (949-1343) 1279 (1140-1883) -3.773 <0.001
GDF-15, pg/mL 987 (809-1278) 976 (798-1269) 1154 (1011-1740) -2.942 <0.01
IL-6, pg/mL 2.56(1.79-3.72) 2.51(1.78-3.6) 291 (2.33-4.35) -2.050 0.043
MCP-1, pg/mL 205 (171-254) 205 (170-253) 201 (174-270) -0.465 0.641
CRP, mg/L 1.6 (1-3.3) 1.7 (1-3.3) 1 (1-2.7) 1.485 0.137
MNA 28 (27-29) 28 (27-29) 25 (23.5-26.5) 7.21 <0.001

Abbreviations: TNFR1: Tumor necrosis factor receptor 1; GDF-15: Growth/differentiation factor 15; IL-6: Interleukin-6; MCP-1: Monocyte chemoattractant Protein 1; CRP: C-Reactive
Protein; MNA: Mini-Nutritional Assessesment. *Subjects were classified as presenting with anorexia of ageing if reporting a severe/moderate decline in food intake in the past three

months (question A of Mini Nutritional Assessment)

Table 2. Association between plasma inflammatory markers and prevalence (A) and onset (B) of anorexia of ageing

A) Prevalence B) Incidence
N OR (95% CI) p-value N OR (95% CI) p-value
TNFRI1 pg/mL 463 1.74 (1.27-2.39) 0.001 338 0.61 (0.25-1.47) 0.273
GDF-15, pg/mL 462 1.38 (1.01-1.89) 0.046 338 0.78 (0.36-1.71) 0.542
IL-6, pg/mL 462 1.06 (0.29-3.80) 0.923 337 1.11 (0.13-9.40) 0.144
MCP-1, pg/mL 463 1.01(0.72-1.44) 0.930 338 0.54 (0.24-1.23) 0.923
CRP, mg/mL 386 0.28 (0.06, 1.27) 0.101 280 1.03 (0.60, 1.75) 0.905

Logistic regression models were adjusted by age, sex and the number of comorbidities. Abbreviations: TNFR1: Tumor necrosis factor receptor 1; GDF-15: Growth/differentiation factor
15; IL-6: Interleukin-6; MCP-1: Monocyte chemoattractant Protein 1; CRP: C-Reactive Protein; OR (95%): Odds ratio, 95% confidence interval associated with a 1-SD increase in the

levels of the inflammatory markers.

and the number of comorbidities reported. First, the odds
ratio associated with a 1-SD increase in the biomarkers
was computed. We further conducted a sensitivity analysis
excluding subjects presenting with extreme values (defined as
>4SD from the mean). A potential age-effect on significant
associations was explored by including a two-way age-group
(<75 vs. =75 years) x biomarker (as continuous) interactions.
All analyses were performed using SAS 9.4 software. Statistical
significance was set at an alpha value of 0.05.

Results

Characteristics of the study population

Out of 1679 subjects in the MAPT study whole sample,
463 (27.6%) were included in cross-sectional analyses,
whereas 364 had data at follow-up (Figure 1). Median age
was 74 (interquartile range=71-78) and 63.1% were female.
33 (7.1%) individuals presented with anorexia of aging at
baseline. Subjects with anorexia of aging were older, had more
comorbidities, presented significant higher values in plasma
TNFR1, GDF-15 and IL-6 at baseline (Table 1), and a worse
score in the Mini-Nutritional Assessment (Table 1). Among
people without anorexia at baseline, 25 (6.9%) developed
anorexia of aging at the 1-year follow-up.

Associations between plasma biomarkers and
anorexia of aging

Table 2A displays the associations between plasma
inflammation-related biomarkers and anorexia of aging
in our sample. A 1-SD increase in TNFR1 (OR=1.74,
95%ClI=1.27,2.39) and GDF-15 (OR=1.38, 95%CI=1.01,1.89)
was associated with a significant increase in the odds of
presenting with anorexia of aging. The association between
TNFR1 and anorexia of aging was stronger in the =75 years
age-group compared to younger counterparts (OR=1.80,
95%CI=1.31,2.45 vs. 1.62, 95%CI=1.07,2.46), and was
restricted to the oldest in the case of GDF-15 (OR=1.46,
95%ClI=1.08,1.97 vs. 1.32, 95%CI=0.86,2.02). No significant
association arose from the analyses exploring associations
between inflammation-related markers and the incidence of
anorexia of aging at the 1-year follow-up visit (Table 2B).
Table S1 shows the results of the sensitivity analyses excluding
outliers, that remained virtually the same.

Discussion

Our exploratory analyses investigate the associations
between inflammation-related biomarkers and anorexia of
aging in a relatively healthy sample of older adults. We found
a link between greater levels of TNFR1 and GDF-15 and

1129



PLASMA INFLAMMATORY BIOMARKERS AND ANOREXIA OF AGEING AMONG COMMUNITY-DWELLING OLDER ADULTS

the odds of presenting with self-reported anorexia of aging
cross-sectionally. Interestingly, these associations seemed to be
stronger with increasing age, which might further support the
biological aging-anorexia relationship.

Our findings are compatible with previous research
showing associations between circulating levels of markers of
chronic low-grade inflammation and appetite loss in samples
of community-dwelling older adults. Specifically, Lee et al.
(20) found a cross-sectional association between circulating
TNFa and decreased appetite (OR=1.71, 95CI=1.23,2.34)
in a sample (n=2169, 70-79 years old, 12% presenting with
impaired appetite) of community-dwelling older adults. In the
same study, the pleiotropic inflammatory marker IL-6 was not
linked to greater anorexia of aging when covariates were taken
into account, similarly to our findings and the observations by
Chareh et al. (22) .

Overall, the involvement of inflammatory cytokines in
anorexia of aging might occur through both peripheral (delayed
gastric emptying and reduced intestinal motility, increased
leptin -a potent appetite suppressor- expression) (23) and
central levels (anorexigenic signals at hypothalamic and other
brain neuronal circuitry areas) (24).

Mechanistically, processes underlying primary aging-
mediated anorexia might differ from those observed among
severely ill older adults or animal models of cachexia (16, 25),
as suggested by the divergent findings between our study and
previous ones. Our study failed at showing associations of IL-6
or CRP (an acute-phase protein elevated in severe illness or
trauma) with anorexia of aging, contrary to some early reports
(17). This might be explained by higher stability of TNFR-1
levels in blood (26), compared to the more volatile CRP and
IL-6, which might be mostly elevated following acute stress/
insult. According to these results, the TNFo/TNFR axis might
be a predominant marker of anorexia related to inflammation
and target of interventions oriented to preventing/treating this
syndrome. Due to the scarcity of evidence, more mechanistic
research should explore this hypothesis.

To our knowledge, our study is the first piece of evidence
exploring the link between GDF-15 and anorexia of aging in
humans. GDF-15 is a stress signaling cytokine elevated with
aging, inflammation and mitochondrial stress that has shown
anorexigenic potential in animal models (27). GDF-15 was also
found to be elevated in older women showing impaired post-
prandial appetite (28) and to be associated with weight loss in
cachectic humans (29). Little is known around mechanisms
underlying GDF-15-reduced appetite link at older age, but
emerging evidence points to the regulation of its receptor at the
level of brainstem and the downstream triggering of neurons
in centers known to control feeding behavior (30), which is
compatible with our observations. In any case, the evidence on
the role of GDF-15 on anorexia of aging is its infancy, and more
research is needed.

Our study presents strengths such as its longitudinal nature,
the relatively large sample, and the assessment of multiple
markers of inflammation. However, it presents with limitations.
First, anorexia of aging was defined based on a single self-
reported item of a questionnaire designed for malnutrition
screening used to detect reductions in food intake by reasons

beyond appetite loss, such as dysphagia and digestive problems,
which might poorly capture the construct. Future research
might benefit by the use of scales specifically designed to
assess appetite that are being incorporated to research, such as
the Simplified Nutritional Assessment Questionnaire (31). In
addition, we included a homogeneous subsample of relatively
healthy and highly educated older adults who participated
in a randomized clinical trial, which might limit our ability
to investigate the association along the whole continuum of
the exposure and the outcome. In fact, figures of anorexia of
aging were smaller compared to those reported in literature,
suggesting statistical power issues. In addition, results may
differ in observational studies with demographically diverse
populations and generalization of results should be cautious. We
lacked data on markers previously related to reduced appetite
in older adults (interleukin-1, interleukin-18 (17)). Finally,
we cannot exclude the possibility that anorexia of aging could
lead to worse inflammatory profile (reverse causality), or
residual confounding by the contribution of diseases or habits
contributing to appetite loss and inflammation.

In summary, our study shows cross-sectional associations
between inflammation and stress, assessed via circulating levels
of TNFR-1 and GDF-15, and reduced appetite in a sample of
community-dwelling older adults, suggesting that biological
aging mechanisms might be involved in the pathogenesis of
anorexia of aging. Consequently, interventions oriented to slow
down biological aging (32) might be effective in improving
appetite in older adults and avoid its burdensome consequences.
In any case, given the limitations of our study, further research
should explore this hypothesis in the future.
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