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Abstract: Declining physical functioning covers a prominent span of later life and, as a modifiable
driver to be leveraged, lifestyle plays a critical role. This research aimed to undertake a systematic
review investigating the association between levels of coffee consumption and declining conditions
of physical functioning during aging, such as sarcopenia, frailty, weakness, falls, and disability,
while trying to explain the underlying mechanisms, both from a metabolic and social angle. The
literature was reviewed from inception to May 2022 using different electronic databases, not ex-
cluding the grey literature. Two independent researchers assessed the eligibility of 28 retrieved ar-
ticles based on inclusion criteria; only 10 met the eligibility requirements. Different levels of coffee
consumption were considered as exposure(s) and comparator(s) according to PECO concepts, while
middle age was an inclusion criterion (40 + years). No limitations were set on the tool(s) assessing
physical functioning, type of dietary assessment(s), study setting, general health status, country,
and observational study design (cohort, cross-sectional). The cross-sectional design outnumbered
the longitudinal (90%, n = 9/10). The overall quality rating was judged poor (70%) to good (30%). It
was found that higher exposure to coffee drinking is strongly associated with better physical func-
tioning outcomes, and the findings showed consistency in the direction of association across se-
lected reports. Countering physical decline is a considerable challenge in easing the burden of pop-
ulation aging. For preventive models that aim to allow a better lifestyle, it has to be kept in mind
that increased coffee consumption does not lead to poor physical functioning.

Keywords: coffee; physical functioning; frailty; sarcopenia; gait; mobility; aging; adult population

1. Introduction

Population aging is a major challenge and top priority in the 21st century. As the
number of older people in industrialized countries grows, the World Health Organization
(WHO) underlines how important it is for aging adults to keep their physical mobility so
that they can continue to live active, independent lives [1]. Indeed, this population subset
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is far more likely to suffer functional impairment [2,3], frailty [4], and disability [5,6]. A
systematic review report of studies across several countries by Collar and colleagues [7]
found a 10% and 25% prevalence of frailty in community-dwelling people aged over 60
and 80 years, respectively. We recently found comparable prevalence data in our “Salus”
study of an elderly population in southern Italy [3]. In the United States, 50% of people
aged 80 and older reported mobility limitations, 35% some disability in instrumental ac-
tivities of daily living (IADL), and 27% some disability in basic activities of daily living
(ADL) [8]. Preventing the adverse physical outcomes induced by the progressive age-re-
lated deterioration of the musculoskeletal system is critical to increasing the number of
healthy life years, avoiding institutionalization, and reducing the healthcare system bur-
den imposed by the geriatric population subset. To this end, a better understanding of
lifestyle modifiable risk drivers of sarcopenia, frailty, loss of mobility and autonomy, falls,
weakness, disability, and muscle vigor loss appears critical to improving monitoring and
prevention in older people.

Epidemiological research into the association between dietary factors and bad phys-
ical outcomes in the aging population is poor, still lacking in evidence, and mainly focuses
on antioxidants, B vitamins, fruits and vegetables, and dietary patterns [9-13]. Beverages
fall into the class of dietary consumption essentials, which is a hot topic, especially in ag-
ing populations that undergo physiological alterations in thirst and taste. With an esti-
mated 2.25 billion cups drunk daily worldwide, coffee is one of the most widely consumed
beverages in the world [14,15]. Population studies suggest that coffee consumption is
highly prevalent among the elderly [16]. Coffee drinking provides exposure to a huge
number of biologically active compounds and nutrients [17], such as polyphenols, lipids,
minerals, and particularly caffeine, which is the most widely consumed psychoactive sub-
stance in the world (85% of the US population) [18]. Improvements in a wide variety of
health outcomes due to exposure to coffee consumption have already been described in
the literature, including lower mortality, weight, cancer, diabetes, or patterns of markers
of inflammation and insulin resistance [14,19-22], often showing a dose-dependent rela-
tionship [23]. For all these reasons, coffee consumption has attracted and continues to at-
tract an enormous amount of research.

Against this background, assessing the association between exposure to coffee con-
sumption and the physical decline outcomes of aging seems to be an important issue. Un-
fortunately, to our best knowledge, the current literature lacks an overview of this re-
search question. The present research aimed to assess the magnitude and direction of the
association between different coffee exposure levels and risks of adverse physical out-
comes, including physical frailty, sarcopenia, impaired walking and mobility, and disa-
bility. Findings would help summarize the available window of evidence to improve pub-
lic health advice on coffee consumption in the aging adult population while trying to un-
fold possible underlying mechanisms, both from a metabolic and social perspective.

2. Results

The first systematic search of the literature yielded 284 entries. After excluding du-
plicates, 231 were classified as potentially relevant and selected for the title and abstract
analysis. Then, 203 were excluded for failing to meet the characteristics of the approach
or the review goal. After reviewing the full text of the remaining 28 records, only 10 met
the inclusion criterion of age and were included in the final qualitative analysis [24-33].
The flow chart of Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA), illustrating the number of studies in each review stage, is shown in Figure 1.
The final study base included ten articles reporting nineteen different outcomes. Figure 2
shows a graph overview of the results.



Metabolites 2022, 12, 654

30f16

.g Records identified through database Additional records identified
= searching through other sources
§ n=284) (n=0)
=
= l l
-
Records after duplicates removed
(n=231)
o
=
5 l
v
@
-
A
Records screened Records excluded
(n=28) ’ n=18)
£
2
=
=] Full-text articles assessed Full-text articles excluded
for eligibility : (n=0)
(n=10)
]
¥
E Studies includedin qualitative
2 synthesis
= m=10)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart
illustrating the number of studies at each stage of the review.
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Figure 2. Graph overview of the results.

Details of the design (cohort, cross-sectional), sample size (N) and sex ratio (%), min-
imum or age range, study population, and the country of each study are provided in Table
1. The cross-sectional (90%, N =9 out of 10) predominated over the longitudinal design
[30]. The recruitment contexts were community-based, except for one that collected data
from universities, colleges, and technical schools [27] and one in a hospital context [33].
The geographical setting of the selected studies was evenly distributed between Asia (N
=5/10, 50%) and Europe (N =4/10, 40%), with an American minority [24].
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Table 1. Selected studies investigating coffee consumption and adverse physical outcomes in aging
adults (N =10)

Age Exposure
Authors, Sar.nple Country (Mean Stuc.ly De- Stuc.ly Set-  Out- Outcome(s) Assessment  Assess- Major Findings
Year Size sign ting come(s)
) ment
. — 24-h die-
LEM Physical F.unc’n(.)nmg Ques- tary re-
tionnaire
call
. - 24-h die-
GPA Physical F.unctl(?nmg Ques- tary re-
tionnaire
Commu- call Coffee consumption was in-
Wang T., USA K . L. 24-h die- . .
2020 7704 (Amer- 60 Cr(.)ss—sec— nity US LSA Physical F.unctl(?nmg Ques- tary re- versely assoc1ated.w1th t}.le
[24] ica) tional  population tionnaire call lower odds of functional disa-
(NHANES) 24-h die- bility in older American adults
ADL disa- Physical Functioning Ques- tary re-
bility tionnaire y
call
24-h die-
IADL disa- Physical Functioning Ques- tar dr:
bility tionnaire y
call
ASMI less than two standard
Sarcopenia deviations below the gender-  FFQ
Commu- oo . .
nity Ko- specific mean of this value Consuming at least 3 cups of
Chung H., Y ASMI less than two standard coffee per day was associated
1781 Korea Cross-sec- rean popu- . . _ . _
2017 . >60 . . Sarcopenia deviations below the gender- FFQ  with a lower prevalence of sar
(100% M) (Asia) tional lation o . .
[25] specific mean of this value copenia in elderly Korean el-
(KNHANE
S) ASMI less than two standard derly men
Sarcopenia deviations below the gender-  FFQ
specific mean of this value
iy o, SR Ly popuiaion T
KimJH., 6906 Y Yy PoP . Light coffee consumption was
Korea Cross-sec- rean popu- . ASMI below the lower quin- . . ..
2017 (41% M, . 2 . - Sarcopenia . . FFQ protective against sarcopenia in
[26] 59% F) (Asia) tional lation tile of the study population men
? (KNHANE . ASMI below the lower quin-
Sarcopenia . . FFQ
S) tile of the study population
Northern Institutions  Frailty Frailty phenotype FFQ
Kobavashi and 65+ (universi-  Frailty Frailty phenotype FFQ
S 2}(’) 14 2121 western (74.7 + Cross-sec-  ties, col-  Frailty Frailty phenotype FFQ Coffee intake was associated
"[27] (100% F) Japan 5 b)_ tional  leges, and with lower odds of frailty
( A};ia) ' technical ~ Frailty Frailty phenotype FFQ
schools)
Sarcopenia g\ i1 i oimpedance) FFQ
dimension
Sarcopenia . A significant positive associa-
dimension SMI (bioimpedance) FFQ tion was found between coffee
i ti d SMI. The rela-
Iwasaka C., 6369 Japan 45-74 Cross-sec- Commu- 3ai$011:eimj SMI (bioimpedance) FFQ CO:,:SEIE}; lgntjvn : P © r::_a
2021 7% M apa 0Ss-sec ommu ensio; onship between coffee co
(28] 3% F), (Asia) years tional nity  Sarcopenia Grip Strength (dynamome- FFQ sumption and grip strength did
? dimension try) not reach statistical significance;
Sarcopenia Grip Strength (dynamome- FFQ however, a positive trend was
dimension try) observed
Sarcopenia Grip Strength (dynamome- FFQ
dimension try)
Huang Taiwan Cross-sec-  Commu- Frail subjects had significantly
W.C, 2021 1115 . . . Frailt FRAIL scale FFQ lower daily consumption of cof-
Y y P
(Asia) tional nity
[29] fee
Commu- Single question from the Habitual coffee consumption
Machado- . Rosow and Breslau scale: . s
FraguaM Spain Longitudi- nity (Sen- Impaired  “On an average day with was not associated with in-
& 72073 P & iors-EN- p, . 8 y FFQ creased risk of functional im-
2018 (Europe) nal, 7-year agility  your current health, would . L
(30] RICA co- ou be limited in bendin. pairment, and it might even be
hort) ¥ & beneficial in women and those

and kneeling?”
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2062

1653

2262

1714

1564

1756

Verlinden 2546  Nether-
V.J.A., 2016 (1128 M, lands
[31] 1418 F) (Europe)

Cross-sec-

45+ .
tional

Commu-
nity

Impaired
agility

Impaired
mobility

Impaired
mobility

Impaired
overall
physical

function

Impaired
overall
physical
function

Impaired
lower ex-
tremity
function
Impaired
lower ex-
tremity
function
Frailty
Frailty
TIADL disa-
bility
TIADL disa-
bility
ADL disa-
bility
ADL disa-
bility

Global Gait

Single question from the
Rosow and Breslau scale:
“On an average day with
your current health, would
you be limited in bending
and kneeling?”
Responding “a lot” to any of
the following questions also
from the Rosow and Breslau
scale: “On an average day
with your current health,
would you be limited in the
following activities: (1) pick-
ing up or carrying a shop-
ping bag?; (2) climbing one
flight of stairs?; (3) walking
several city blocks (a few 100
m)?”
Responding “a lot” to any of
the following questions also
from the Rosow and Breslau
scale: “On an average day
with your current health,
would you be limited in the
following activities: (1) pick-
ing up or carrying a shop-
ping bag?; (2) climbing one
flight of stairs?; (3) walking
several city blocks (a few 100
m)?”
>10-point decrease from
baseline to follow-up in the
physical component sum-
mary score of the 12-item
short-form health survey (SF-
12)
>10-point decrease from
baseline to follow-up in the
physical component sum-
mary score of the 12-item
short-form health survey (SF-
12)

Short Physical Performance
Battery (SPPB)

Short Physical Performance
Battery (SPPB)

Frailty phenotype by Fried
Frailty phenotype by Fried

Lawton and Brody Scale
Lawton and Brody Scale
Katz Scale

Katz Scale

Average of seven gait do-
mains: Rhythm, Phases, Vari-
ability, Pace, Tandem, Turn-

ing, and Base of Support

FFQ

FFQ

FFQ

FFQ

FFQ

FFQ

FFQ

FFQ
FFQ

FFQ

FFQ

FFQ

FFQ

with hypertension, obesity or
diabetes

In a community-dwelling popu-
lation, consuming more than 1
cup of coffee and 1-3 glasses of
alcohol relate to better gait
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Machado-
Fragua
M.D., 2019
[32]

Jyvakorpi
S.K., 2020
[33]

Global Gait

Gait speed
(m/s)
Gait speed
(m/s)

Falls
Commu-
Spain r?1ty (Sen-
(Europe) iors-EN-
urope RICA co-
hort)
Falls
2964 gor  CTOSSSEC
tional
Falls
Commu-
UK (Eu- nity (UK
rope) Biobank
study)
Falls
Gait speed
(m/s)
Gait speed
(m/s)
Gait speed
(m/s)
SPPB
126 Finland 60+ Cr(?ss—sec— Hospital
(Europe) tional
SPPB
SPPB

Average of seven gait do-
mains: Rhythm, Phases, Vari-
ability, Pace, Tandem, Turn-
ing, and Base of Support
5.79-m-long electronic walk-
way
5.79-m-long electronic walk-
way
Asking participants: “How
many times have you fallen
down since the last inter-
view?” and using the follow-
ing outcomes in our analyses:
>1 fall, injurious fall, and 21
fall with fracture
Asking participants: “How
many times have you fallen
down since the last inter-
view?” and using the follow-
ing outcomes in our analyses:
>1 fall, injurious fall, and >1
fall with fracture
Asking the participants “In
the last year have you had
any falls?” The possible an-
swers were “no falls”, “only
one fall”, and “more than one
fall”.
Asking the participants “In
the last year have you had
any falls?” The possible an-

s

swers were “no falls”, “only
one fall”, and “more than one

fall”.

4-m walk, m/s
4-m walk, m/s

4-m walk, m/s

SPPB. Ability to stand for 10
sec with feet in 3 different
positions: (1) together side-
by-side, semi-tandem, and
tandem; (2) two timed trials
of a 3-m or 4-m walk (fastest
recorded); (3) time to rise
from a chair five times
SPPB. Ability to stand for 10
sec with feet in 3 different
positions: (1) together side-
by-side, semi-tandem, and
tandem; (2) two timed trials
of a 3-m or 4-m walk (fastest
recorded); (3) time to rise
from a chair five times
SPPB. Ability to stand for 10
sec with feet in 3 different
positions: (1) together side-
by-side, semi-tandem, and
tandem; (2) two timed trials

FFQ

FFQ

FFQ

FFQ

FFQ

FFQ

FFQ

3-day
food dia-
ries
3-day
food dia-
ries
3-day
food dia-
ries

3-day
food dia-
ries

3-day
food dia-
ries

3-day
food dia-
ries

Habitual coffee consumption
was associated with lower risk
of falling in older adults in
Spain and the United Kingdom

Coffee consumption was posi-
tively associated with higher
gait speed, grip strength, SPPB
score, and chair rise points
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of a 3-m or 4-m walk (fastest
recorded); (3) time to rise
from a chair five times
Chair rise test (points): stand ~ 3-day
Chair rise up repeatedly from a chair food dia-
for30's ries
Chair rise test (points): stand  3-day
Chair rise  up repeatedly from a chair food dia-
for30's ries
Chair rise test (points): stand  3-day
Chair rise  up repeatedly from a chair food dia-
for 30 s ries
3-day
food dia-
ries

Sarcopenia Grip Strength (dynamome-
dimension try)

Abbreviations: LEM: lower extremity mobility; GPA: general physical activity; LSA: leisure and so-
cial activities; ADL: activities of daily living; IADL: instrumental activities of daily living; FFQ: Food
Frequency Questionnaire; ASMI: Appendicular Skeletal Muscle Mass Index; SMI: Skeletal Muscle
Index; SPPB: Short Physical Performance Batter.

Following the inclusion criteria, subjects were over 40 years of age, predominantly
60 or older. Of the 34,921 individuals in the selected studies, the female sex was more
prevalent, yet many studies failed to report the sex ratio. Regarding those outcomes fitting
the inclusion criteria, the selected studies (N = 10) reported a set of adverse physical con-
ditions, i.e., poor daily living skills (i.e., lower extremity mobility, general physical activ-
ity, leisure and social activities, impaired agility, impaired mobility, and impaired general
physical function), sarcopenia (according to operational construct(s) or individual dimen-
sion), frailty (according to Fried’s phenotype or the FRAIL scale), falls, slow gait (assessed
by global gait or gait speed), and exhaustion (assessed by SPPB or chair rise test). The
main finding was the consistent direction of the association, in the sense that the greater
the coffee consumption, the better the physical functioning (Table 2).

Table 2. Summary of findings on the relationship between coffee consumption and adverse physical
outcomes (N = 10).

Authors, Sample

Year Size (M/F) Outcome Level of Exposure Strength of the Association Major Findings
<1 cups/day Lower extremity mobility levels across three catego-
<2 cups/day ries of increasing coffee consumption (0 to <1, 1 to

Wang T,
2020 7704
[24]

<2, and >2) versus no consumption: adj OR: 0.74
(95% CI0.57-0.96), adj OR: 0.79 (95% CI 0.59-1.05),

>2 cups/day and adj OR: 0.67 (95% CI 0.50-0.91). p for trend:
0.084

<1 cups/day General physical activity levels across three catego-

<2 cups/day ries of increasing coffee consumption (0 to <1, 1 to

<2, and >2) versus no consumption: adj OR: 0.86
>2 cups/day (95% CI0.67-1.10), adj OR: 0.82 (95% CI 0.62-1.08),

adj OR: 0.65 (95% CI 0.47-0.88). p for trend: 0.015 Coffee consumption is in-
<1 cups/day Leisure and social activities levels across three cate- ~ versely associated with the
<2 cups/day gories of increasing coffee consumption (0 to <1, 1 to lower odds of functional disa-

<2, and >2) versus no consumption: adj OR: 0.93  bility in older American adults
>2 cups/day (95% CI 0.68-1.26), adj OR: 0.96 (95% CI 0.69-1.34),

adj OR: 0.61 (95% CI 0.45-0.83). p for trend 0.006

<1 cups/day Activities of daily living across three categories of
<2 cups/day increasing coffee consumption (0 to <1, 1 to <2, and
ADL disability >2) versus no consumption: adj OR: 0.88 (95% CI

>2 cups/day 0.65-1.19), adj OR: 0.95 (95% CI 0.69-1.30), adj OR:
0.70 (95% CI 0.50-1.01). p for trend 0.088
<1 cups/day Instrumental activities of daily living across three

IADL disability <2 cups/day categories of increasing coffee consumption (0 to <1,

>2 cups/day 1 to <2, and >2) versus no consumption: adj OR: 0.77
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(95% CI 0.57-1.03), adj OR: 0.72 (95% CI 0.54-0.95),
adj OR: 0.59 (95% CI 0.44-0.78). p for trend 0.001

1 cup/day Logistic regression analysis between categories of
2 cups/day increasing daily coffee consumption (1,2, and 3 or Consuming at least 3 cups of
Chung H., .
2017 1781 Sar ni more cups/day) versus fewer than 1 cup/day and  coffee per day was associated
[25] (100% M) arcopenia >3 cups/da risk of sarcopenia: adj OR: 0.69 (95% CI 0.39-1.24), with a lower prevalence of sar-
= cupsiday adj OR: 0.60 (95% CI 0.32-1.12), adj OR: 0.44 (95% CI copenia in elderly Korean men
0.21-0.94). p for trend: 0.026
1 cup/day Logistic regression analysis between categories of
2 cups/day increasing daily coffee consumption (1, 2, and 3 or
Kim JH 6906 more cups/day) versus less than 1 cup/day and risk Light coffee consumption was
201.7 ’ (41% M Sarcopenia of sarcopenia: adj OR 0.69 (95% C1 0.50-0.94), adj ;gotective a ain; saico enia
6] 590/" P P 23 cups/da OR: 1.07 (95% CI 0.79-1.45), adj OR: 0.85 (95% CI ¥ irgl . P
o =2 CUPSIAAY 0,60-1.22) in males, and adj OR: 0.87 (95% CI 0.69-
1.10), adj OR: 0.88 (95% CI 0.68-1.15), adj OR: 0.77
(95% CI 0.56-1.06) in males
2nd quintile of con-
sumption (11.3-44.6
g/day) Linear regression analysis between quintiles of in-
3rd quintile of con- creasing daily coffee consumption (grams/day) ver-
Kobavashi S sumption (44.6-140 sus the lowest quintile and risk of physical frailty:
© ;}(;?Z voo2121 Phvsical Frail g/day) adj OR: 0.66 (95% CI 0.46-0.96) for the 2nd quintile, Coffee intake was associated
27] (100% F) Y vy 4th quintile of con- adj OR: 0.77 (95% CI 0.54, 1.10) for the 3rd quintile, ~ with lower odds of frailty
sumption (140-174 adj OR: 0.60 (95% CI 0.41, 0.87) for the 4th quintile,
g/day) and adj OR: 0.48 (95% CI 0.32, 0.72) for the highest
5th quintile of con- quintile
sumption (>174
g/day)
<1 cup/day Adjusted means and their 95% confidence intervals
1-2 cups/day of skeletal muscle mass index according to increas-
ing daily coffee consumption (<1, 1-2, 3 or more
o cups/day) compared to no consumption: adj mean
rSr?er;;)E) i“(‘;hill) 7.07 (95% CI 7.08-7.14), adj mean 7.12 (95% CI 7.09—
23 cups/day 7.14), and adj mean 7.14 (95% CI 7.11-7.17) in males, A significant positive associa-
and adj mean 23.9 (95% CI 23.7-24.1), adj mean 23.8 tion was found between coffee
Iwasaka C., 6369 (95% CI 23.6-24), and é.ld] mean 23.7 (95% CI 23.4— cor}suml.phon and SMI. The re-
23.9) in females lationship between coffee con-
2021 (37% M, . . . . . .
<1 cup/day Adjusted means and their 95% confidence intervals sumption and grip strength
[28] 63% F) . . . . . . . s
1-2 cups/day of hand grip strength according to increasing daily did not reach statistical signifi-
coffee consumption (<1, 1-2, 3 or more cups/day)  cance; however, a positive
Sarcopenia di- compared to no consumption: adj mean 38.1 (95% trend was observed
mensign (HGS) CI 37.7-38.6), adj mean 38.3 (95% CI 37.9-38.6), adj
>3 cups/day mean 38.7 (95% CI 38.2-39.1) in males, and adj
mean: 23.9 (95% CI 23.7-24.1), adj mean: 23.8 (95%
CI 23.6-24), adj mean: 23.7 (95% CI 23.4-23.9) in fe-
males
Huang W.C, S1gmf1cant. difference in daily frquency of coffee Frail subjects had significantly
2021 1115  Physical Frailty = Daily frequency consumption across frailty categories: 0.27 +0.16 lower daily consumption of
(frail) vs. 0.30 + 0.05 (pre-frail) vs. 0.34 + 0.04 (robust)
[29] . coffee
times/day. p<0.05
1 cup/day Hazard ratio (95% CI) of impaired agility according
Impaired aeil- to increasing coffee consumption (1 and 2 or more
2073 pat & cups/day) compared to non-coffee drinkers: HR:
ity 22 cups/day o o
0.91 (95% CI0.77-1.09) and HR: 0.86 (95% CI 0.67—
Machado- . 1'010)' P fmi tren'd 019 . Habitual coffee consumption
1 cup/day Hazard ratio (95% CI) of impaired mobility accord- . s
Fragua M., . . X R was not associated with in-
. ing to increasing coffee consumption (1 and 2 or . . .
2018 Impaired mo- . creased risk of functional im-
[30] 2062 bili 52 cups/da more cups/day) compared to non-coffee drinkers: airment
ty == cupsiday HR: 0.82 (95% CI 0.66-1.01) and HR: 0.82 (95% CI P
0.61-1.09). p for trend 0.07
Impaired over- 1 cup/day Hazard ratio (95% CI) of impaired overall physical
1653 all phyvsmal 52 cups/day function according to increasing coffee consumption
function (1 and 2 or more cups/day) compared to non-coffee
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drinkers: HR: 0.98 (95% CI 0.81-1.18) and HR: 1.03
(95% C10.80-1.33). p for trend 0.88

1 cup/day Hazard ratio (95% CI) of impaired lower extremity
Impaired lower function according to increasing coffee consumption
2262 extremity func- 59 Jd (1 and 2 or more cups/day) compared to non-coffee
tion =2 CUPSIAAY drinkers: HR: 1.21 (95% CI 0.97-1.50) and HR: 1.02
(95% CI 0.75-1.38). p for trend 0.45
1 cup/day Hazard ratio (95% CI) of frailty according to increas-
ing coffee consumption (1 and 2 or more cups/day)
1714 Physical Frailty compared to non-coffee drinkers: HR: 1.16 (95% CI
22 cups/day
0.85-1.60) and HR: 1.23 (95% CI 0.80-1.90). p for
trend 0.25
1 cup/day Hazard ratio (95% CI) of IADL disability according
to increasing coffee consumption (1 and 2 or more
1564  IADL disability >2 cups/da cups/day) compared to non-coffee drinkers: HR:
= cupsiday 0.79 (95% CI 0.55-1.13) and HR: 0.93 (95% CI 0.56—
1.53). p for trend 0.46
1 cup/day Hazard ratio (95% CI) of ADL disability according
to increasing coffee consumption (1 and 2 or more
1756  ADL disability cups/day) compared to non-coffee drinkers: HR:
22 cups/day o o
0.78 (95% C1 0.62-0.99) and HR: 1.07 (95% 0.78-1.45).
p for trend 0.66
1-3 cups/day  Differences in standard deviation of global gait (95%
CI) for increasing categories of coffee consumption
Global Gait >3 cups/day (1 to 3, and 3 or more cups/day) compared to 1 or
. fewer cup/day: 0.13 SD (95% CI 0.01-0.25) and 0.18 . .
Verlinden 2546 In a community-dwelling pop-
SD (95% CI 0.08-0.28) . .
V.J.A,2016 (1128 M, . . . . ulation, consuming >1 cup of
1-3 cups/day Differences in cm/s of gait speed (95% CI) for in- .
[31] 1418 F) . . . coffee relate to better gait
. creasing categories of coffee consumption (1 to 3,
Gait speed
(m/s) >3 cups/da and 3 or more cups/day) compared to 1 or fewer
PSICAY cup/day: 2.74 cm/s (95% CI0.67-4.80) and 2.63 cm/s
(95% CI0.80-4.45)
1 cup/day Hazard ratios (95% Cls) for the association between
increasing coffee consumption (1 and 2 or more
52 cups/da cups/day) and the risk of >1 fall compared to <1
Machado- =- cupsiday cup/day: HR: 0.88 (95% CI 0.73-1.07) and HR: 0.79 Habitual coffee consumption
FraguaM.D., 2064 Falls (95% CI10.63, 0.98). p for trend 0.03 was associated with lower risk
2019 1 cup/day Hazard ratios (95% CIs) for the association between  of falling in older adults in
[32] increasing coffee consumption (1 and 2 or more  Spain and the United Kingdom
cups/day) and the risk of >1 fall compared to <1
>2 d
cups/day .\ b/day: HR: 0.61 (95% C10.37-098) and HR: 0.64
(95% CI0.39-1.03). p for trend 0.13
. <110 g/day . L .
Gait speed 110-130 g/day Linear association between coffee consumption and
(m/s) 5330 g/day gait speed (p = 0.003)
<110 g/day Linear association between coffee consumption and Coffee consumption was posi-
. SPPB 110-130 g/day . . s
Jyvakorpi SPPB-test scores (p = 0.035) tively associated with higher
>330 g/day . .
S.K. 2020 126 gait speed, handgrip strength,
<110 g/day . L . -
[33] L. Linear association between coffee consumption and  SPPB score, and chair rise
Chair rise 110-130 g/day chair rise points (p = 0.043) oints
>330 g/day P p=s P
Sarcopenia di- <110 g/day Linear, non-significant association between coffee
mension (HGS) 110-130 /day consumption and handgrip strength (p = 0.856)
>330 g/day ump srip gt p ==

Abbreviations: LEM: lower extremity mobility; GPA: general physical activity; LSA: leisure and so-
cial activities; ADL: activities of daily living; IADL: instrumental activities of daily living; FFQ: Food
Frequency Questionnaire; HGS: Handgrip Strength; ASMI: Appendicular Skeletal Muscle Mass In-
dex; SMI: Skeletal Muscle Index; SPPB: Short Physical Performance Battery.

Concerning outcomes of poor daily living skills, we found articles by Wang [24], Ma-

chado-Fragua, and colleagues [30] reporting on the association between coffee consump-
tion and lower extremity mobility, general physical activity, leisure, and social activities,
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Verlinden VJA, 2016 A
Machado-Fragua MD, 2019 4
Machado-Fragua M, 2018 A
Kobayashi S, 2014

Jyvakorpi SK, 2020 u
Iwasaka C, 2021 4
Huang WC, 2021 4 1
Chung H, 2017 4

and declines in activities of daily living or instrumental activities of daily living. The find-
ings were roughly consistent in that direction. On the one hand, authors found that higher
coffee consumption reduced odds of functional disability in older U.S. adults; on the other
hand, no association suggested an increased risk of functional disability. Indeed, higher
coffee consumption could even benefit women and patients with hypertension, obesity,
or diabetes.

Regarding sarcopenia, three studies reported on this outcome, but only one focused
on individual dimensions of sarcopenia. Chung and Kim’s reports [25,26] collected data
on the KNANES Korean population, exploring ASMI as a measure of sarcopenia. They
found that the consumption of at least 3 cups of coffee daily was associated with a lower
prevalence of sarcopenia in older Korean men. On individual dimensions of sarcopenia,
i.e., SMI and handgrip strength, Iwasaka and colleagues [28] found a significant positive
correlation between coffee intake and SMI levels. In contrast, handgrip strength did not
reach statistical significance, although a positive trend was reported. Similarly, Jyvakorpi
and colleagues [33] found a linear, non-significant association between coffee consump-
tion and handgrip strength.

A single report evaluated the risk of falls as an outcome [32], reporting that habitual
coffee consumption was associated with a lower risk of falls in two European cohorts, i.e.,
older people in the Seniors-ENRICA cohort (Spain) and the UK Biobank study. Last, Ver-
linden [31] and Jyvakorpi [33] reported on gait speed and exhaustion. They documented
associations between coffee consumption levels and overall gait, gait speed, SPPB, and
chair sitting and standing test, respectively. Verlinden concluded that in a community-
dwelling population, consuming more than one daily cup of coffee is related to a better
gait; consistently, Jyvakorpi found the same positive trend with gait speed and handgrip
strength, SPPB score, and sitting and standing test points.

We found a poor (N =7), fair (N =2) to good (N = 1) methodological quality overall.
An overview of quality ratings within and across studies is provided in Supplementary
Table S2 and Figure 3, respectively, highlighting areas with higher or lower ratings. Bi-
ases were found mainly in the domains of sample size justification (selection bias) and
blinded assessors (detection bias) (91% and 82% of studies, respectively), and to a lesser
extent in the domains of different levels of exposure (46% of studies) and multiple expo-
sure assessments over time (73% percent of studies) in light of the prevalent cross-sec-
tional setting. Since 73% of the studies had a cross-sectional design, the same percentage
reflected an unclear risk for the following qualitative assessment items: prior exposure to
the outcome, sufficient time frame, and loss to follow-up.

Wang T, 2020 |

Kim JH, 2017 4

0.00 0.25 0.50 0.75 1.00

[J Yes @ NO [] NotReported [] Not Applicable

Figure 3. Quality assessment plot across selected studies N= 10.
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3. Discussion

The present systematic review addressed the conceptual hypothesis of a link between
coffee consumption and better outcomes in terms of declining physical functioning in the
aging adult population. To this end, the body of evidence on different exposure levels to
coffee consumption was examined against a cluster of impaired physical functioning out-
comes, as assessed by operationalized constructs and other validated tools related to sar-
copenia, frailty, exhaustion, gait, falls, and disability. The most important finding was the
consistent direction of association across all studies selected to fill the knowledge gap
about the research question. Although most reports had a cross-sectional design, thus
leaving little room for causal inference, we found that the higher the coffee consumption,
the greater the drop in adverse outcomes of physical functioning. The above negative link
between coffee consumption and adverse outcomes of physical functioning may be ex-
plained from a social perspective as well as, conceivably, from a causal, biological, and
metabolic standpoint in the context of aging.

Physiologically speaking, aging occurs with a pattern of sensory decline [3,34], trans-
lating into reduced appetite and sensory perception, which are well-known dimensions
underlying frailty, sarcopenia, and physical decline [35,36]. This sensory deficiency carries
serious implications for safety, nutrition, quality of life, and social relationships [37]. On
this latter point, impairing physical functioning easily leads to a cluster of social depriva-
tions with a concurrent steady loss of conviviality and social drinking opportunities. In
other words, the less physically fit you are as you age, the less likely you are to drink
“social” coffee or other drinks in company with other people.

From a biological perspective, previous evidence consistent with our findings points
to the protective bromatological properties of coffee that promote physical well-being.
Both animal and human reports discuss putative mechanistic explanations of a causal pro-
tective effect of coffee on physical and musculoskeletal health in aging. Guo and col-
leagues found, in aged mice, a preventive in vivo effect of coffee treatment on sarcopenia
progression, along with an increase in muscle mass, grip strength, and regenerating ca-
pacity of injured skeletal muscles, likely explained by a decrease in low-grade systemic
inflammation, which is one of the causative drivers of sarcopenia, thanks to the antioxi-
dant and anti-inflammatory properties of coffee drinking [38]. The same report found in-
creased proliferation rates, DNA synthesis, and activation of the Akt signaling pathway
in satellite muscle cells of coffee drinkers [38]. Jang and colleagues found the same muscle
hypertrophy in mice, possibly explained by a decrease in transforming growth factor-{3
(TGF-f) myostatin while increasing insulin-like growth factor (IGF) expression [39]. Fur-
thermore, coffee bioactive has been shown to improve insulin sensitivity and muscle glu-
cose uptake [40].

On the other hand, the loss of muscle mass and functionality in the aging population
can be partially attributed to a loss of digestive functions, enzyme production [41], and
appetite, thus causing malnutrition [42], especially regarding the availability of amino ac-
ids for protein synthesis. Coffee is known to stimulate digestive activity [43]. Recent ran-
domized control trials (RCT) indicated a significantly higher salivary alpha-amylase pro-
duction due to coffee drinking. It stimulates gastric secretions, gallbladder secretions, and
pancreas secretions. These findings could be, in the majority, associated with caffeine ef-
fects.

The best mechanistic explanation is an indirect effect of coffee on physical health.
Physical activity is one of the most effective ways to maintain health and prevent physical
decline, so feeling tired and lacking energy may be a hindrance. Caffeine is a well-estab-
lished strong ergogenic aid whose performance-enhancing effects on strength and endur-
ance have been documented in a wide range of physical tasks. Torquati and colleagues
found that consuming 1-2 cups of coffee per day is associated with a 17% increase in the
likelihood of meeting physical activity guidelines in middle-aged women, undoubtedly
due to the caffeine increasing energy levels and reducing fatigue.
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Despite the fact that further trials are needed to corroborate the causal path, caffeine
and some of its metabolites, including the main one, paraxanthine, show notable potential
pharmacological interests, sometimes different from caffeine, for example on nitric oxide
(NO) neurotransmission [44,45]. Jager and colleagues showed interesting results of par-
axanthine supplementation on grip strength, muscle mass, treadmill performance and NO
in mice, all with seemingly less toxicity compared to caffeine [45,46]. On the other hand,
theophylline has already shown an effect of reducing susceptibility to fatigue by improv-
ing ventilatory functions through its bronchodilator effect and on the contractility of the
diaphragm [47] and is commonly used in the elderly in the context of asthma or chronic
airway diseases [48]. Like caffeine, its effect has also been shown on physical performance.
Despite an heterogenous literature [49,50] and discussed toxicity [46], extending theophyl-
line, but also paraxanthine research into the prevention and treatment of negative physical
outcomes, is of interest because of its prevention of exhaustion and its ergogenic effect.

Lastly, in a public health perspective, and based on the coffee’s beneficial effects so
far reported for non-communicable degenerative illnesses of aging such as cancer, cardi-
ovascular disorders, diabetes, Parkinson’s disease, and cognitive impairment [41,42], con-
suming 2 to 3 cups of coffee may be protective against chronic disease occurrence, and
therefore the functional deterioration closely linked to multimorbidity and polypharmacy
in aging population settings.

We acknowledge some limitations of this systematic review that could create critical
bias. Firstly, coffee and the preparation methods are not the same worldwide. It has al-
ready been noted that preparation methods could impact cup content and coffee effects.
For instance, filtered coffee is free of the diterpenes cafestol and kahweol, which are pre-
sent in non-filtered coffee and could impact carcinogenic and cholesterolemic effects [43].
Unfiltered coffee is the coffee most commonly consumed in Spain, whereas, in the United
States, coffee is consumed mainly after filtering. Only one of the selected ten studies per-
formed a different analysis between caffeinated and decaffeinated coffee, thus discrimi-
nating the effect of caffeine’s primary bioactive component. Furthermore, the selected
studies did not stratify their analyses to include coffee consumption above 3 cups or 330
g per/day, and many stopped at 2 cups per day while a dose-response relationship is well-
acknowledged [23]; thus, the opposite results with higher consumption are possible.
Strengths include the cluster of physical functioning outcomes, embodying extensive ev-
idence on the topic. Moreover, accounting for different levels of exposure to coffee con-
sumption as comparators adds value to these research findings.

4. Methods
4.1. Search Strategy and Data Extraction

This systematic review adhered to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) checklist of 27 items [51]. An a priori protocol for the
search method and inclusion criteria was conceived and registered on PROSPERO, a pro-
spective worldwide register of systematic reviews, with no modifications to the infor-
mation supplied at registration (CRD42023338863). Ethical review and approval were
waived for this study because a revision is involved and not an original article.

We conducted separate searches in the US National Library of Medicine (PubMed),
Medical Literature Analysis and Retrieval Online (MEDLINE), EMBASE, Scopus, Ovid,
and Google Scholar databases to identify original articles investigating any possible asso-
ciation between coffee exposure and adverse physical outcome(s). The primary goal was
to determine whether different exposures (comparators) to coffee consumption, as meas-
ured by dietary intake (cups per day, rising quintiles of daily consumption, or grams per
day), were associated with unfavorable physical outcomes in the aging adult population.
We also reviewed the gray literature at the study selection stage. To pinpoint abstracts of
significant conferences and other information that specialists had not evaluated, we
turned to the largest preprint repository, https://arxiv.org/ (accessed on 12 May 2022), as
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well as the database http://www.opengrey.eu/ (accessed 12 May 2022). We also aimed,
particularly in the grey search step, https://www.base-search.net/ (accessed on 12 May
2022) to eliminate publication bias in contradictory and unfavorable results. Since we
chose to include only observational studies, the search strategy followed the PECO (Pop-
ulations, Exposure, Comparator, and Outcomes) concepts [52]. Thus, we took into account
populations (only adults, 40 years or older population), exposure (coffee intake or con-
sumption), comparators (different exposure levels), and adverse physical outcomes of the
aging, i.e., sarcopenia, physical frailty, limited mobility, exhaustion, falls, IADL (Activities
of Daily Living), ADL (Activities of Daily Living), disability, and slow gait.

The exposure was limited to different levels of coffee consumption. The outcome fac-
tors were selected to include the primary adverse physical outcomes of aging, namely
frailty syndrome, sarcopenia, mobility loss, muscle loss, ADL loss, IADL loss, disability,
and gait impairment, regardless of the assessment tool used (disability and functional im-
pairment, sarcopenia, frailty phenotype, gait, and global speed, falls, physical exhaus-
tion), or the proxy tool applied (e.g., dynamometry, bioimpedance, Short Physical Perfor-
mance Battery or SPPB, sitting down and standing up test, questionnaire, and others).

The search strategy used in PubMed and MEDLINE and adapted to the other elec-
tronic sources is detailed in Supplementary Table S1. No time limit was set in the literature
search, and articles were retrieved until May 2022. No language limitation was intro-
duced. Two researchers (RZ, SM) searched the papers, reviewed titles, and abstracts of
articles retrieved separately and in duplicate, checked the full text, and selected the arti-
cles for inclusion in the study. Technical reports, letters to the editor, and systematic and
narrative review articles were excluded. Inter-rater reliability (IRR) was used to estimate
inter-coder agreement, and then the i statistic was used as a measure of accuracy and
precision. A k coefficient of at least 0.9 was obtained in all data extraction steps based on
PRISMA concepts and quality assessment steps [53].

4.2. Inclusion Criteria, Data Extraction, and Registration

Exposure and outcomes needed to be referred to an aging adult population (at least
40 years of age). No criterion was applied to the recruitment settings (hospital, commu-
nity, or others) or health status of the study population (general population or groups
with specific features). Potentially eligible articles were identified by reading the abstract
and, if suitable, reading the full-text version of the articles. For each selected article, the
best statistical approach was applied when considering confounding, applied to assess
the magnitude of the effect of the associations. The data were cross-checked, any discrep-
ancies were discussed, and disparities were solved by a third researcher (RS).

The following information was extracted by the two investigators (RZ, SM) sepa-
rately and in duplicate in a piloted form: (1) general information about single studies (au-
thor, year of publication, country, settings, design, sample size, age); (2) level of coffee
exposure (cups per day, increasing quintiles of daily consumption, or grams per day); (3)
outcome(s) regarding all adverse physical outcome(s) included, regardless of the con-
structs or surrogate type of assessment; (4) main findings; (5) effect size of the association
between exposure and outcome(s).

All references selected for retrieval from the databases were managed with the MS
Excel software platform for data collection by a biostatistician (FC). Lastly, data from the
selected studies stored in the database were structured as evidence tables.

4.3. Quality Assessment within and across Studies and Overall Quality Assessment

The methodological quality of the included studies was independently appraised by
paired investigators (RZ, SM) using the National Institutes of Health Quality Assessment
Toolkits for Observational Cohort and Cross-Sectional Studies [54,55]. This tool contains
14 questions that evaluate a number of factors related to the risk of bias, type I and type II
errors, transparency, and confounding factors. These aspects include the study question,
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population, participation rate, inclusion criteria, sample size justification, time of expo-
sure/outcome measurement, time frame, levels of exposure, defined exposure, blinded
assessors, repeated exposure, defined outcomes, loss to follow-up, and confounding fac-
tors. Cross-sectional studies are not mentioned in items 6, 7, or 13. For cross-sectional and
prospective investigations, the maximum possible scores were 8 and 14, respectively. Dis-
agreements between the two investigators regarding the methodological quality of the
included studies were resolved through discussion until a consensus was reached with a
third investigator (RS).

5. Conclusions

The decline in physical functioning and disability load during aging poses a signifi-
cant challenge to easing the burden of population aging on public healthcare and quality
of life. In the preventive models proposed to promote a better lifestyle, there is evidence
that increased coffee consumption does not implicate poor physical functioning and may
indeed be protective, potentially due to bioactive load.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/article/10.3390/metabo12070654/s1, Table S1: Overview of quality ratings within
selected studies. (N = 10); Table S2: Search strategy used in the US National Library of Medicine
(PubMed) and Medical Literature Analysis and Retrieval System Online (MEDLINE) and adapted
to the other sources, according to selected descriptors.
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