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Abstract
The effect of coffee consumption on functional disability has been scarcely investigated. Thus, this study aimed to examine the association
between coffee consumption and functional disability in older American adults. Participants (≥60 years old, n 7704) were from the
National Health and Nutrition Examination Survey 2007–2016. Coffee consumption was assessed through two 24-h dietary recall interviews.
Five domains of functional disability including lower extremitymobility (LEM), general physical activity (GPA), leisure and social activities (LSA),
activities of daily living (ADL) and instrumental activities of daily living (IADL) were self-reported. Age- andmultivariate-adjusted logistic regres-
sion models and restricted cubic spline analyses were used. Total coffee consumption was inversely associated with LEM, GPA, LSA and IADL
disability. Comparedwith non-drinkers of total coffee, thosewho consumed≥2 cups/d reported lower odds of LEM (OR 0·67, 95 %CI 0·50, 0·91),
GPA (OR 0·65, 95 %CI 0·47, 0·88), LSA (OR 0·61, 95 %CI 0·45, 0·83) and IADL (OR 0·59, 95 %CI 0·44, 0·78) disability. The dose–response analyses
confirmed these relationships. Intake of ≥2 cups/d caffeinated coffee was also inversely linked to GPA (OR 0·67, 95 % CI 0·48, 0·92), LSA (OR
0·66, 95 % CI 0·46, 0·93) and IADL (OR 0·57, 95 % CI 0·43, 0·75) disability, whereas the inverse association of 2+ cups/d decaffeinated coffee was
only on LEM (OR 0·43, 95 % CI 0·23, 0·81) and LSA (OR 0·39, 95 % CI 0·16, 0·94) disability. The present study suggested that coffee consumption
was inversely associatedwith functional disability in older American adults. Those associations of diverse coffee types differed across domains of
functional disability.
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Functional disability, defined as ‘limitation in performance of
socially defined roles and tasks within a sociocultural and
physical environment’(1), is a major public health issue receiv-
ing growing attention. In America, the percentage of older
adults with disability ranged from 25·4 % of adults aged
65–74 years to 49·8 % of adults aged 75 years and over in
2015(2). Functional disability contributes to several adverse
health outcomes such as hospitalisations(3) and death(4) and
also increases the health burden(5) and cost of health care
systems(3). Thus, exploring the potential factors that influence
functional disability is essential to increase life expectancy of
older adults and achieve healthy ageing.

Previous epidemiological literature has examined the effects
of dietary factors on functional disability, such as dairy consump-
tion(6,7), fruit and vegetables(8). Healthy dietary patterns could
contribute to prevention or delay of functional disability(9).

Coffee, as one of the most popular consumed beverages world-
wide, is considered as part of a healthy diet(10) due to its numer-
ous underlying benefits to reduce the risk of type 2 diabetes(11),
CVD(12), sarcopenia(13), falls(14) and mortality(15), which predis-
pose individuals to functional disability. However, few studies
have investigated the association between coffee consumption
and functional disability. To our knowledge, only a cohort study
has investigated the association in older Spanish adults and
found the protective association between coffee consumption
and functional impairment just among women, hypertensive,
diabetic and obese patients(16).

Therefore, we conducted a cross-sectional study using a large
population-based sample derived from the National Health and
Nutrition Examination Survey (NHANES) (2007–2016) to esti-
mate the association between coffee consumption and func-
tional disability in older American adults.

Abbreviations: ADL, activities of daily living; GPA, general physical activity; IADL, instrumental activities of daily living; LEM, lower extremity mobility; LSA,
leisure and social activities; NHANES, National Health and Nutrition Examination Survey.
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Methods

Study sample

NHANES is an ongoing biennial cross-sectional survey of the
non-institutionalised, civilian US population. Based on the com-
plex stratified multistage probability sampling design, NHANES
collected demographic, socio-economic, health and nutri-
tional data on approximately 5000 participants every 2 years.
Participants completed health interviews at home and then
performed the health examination at mobile examination
centres that included medical, dental and physiological mea-
surements. Details about survey design and data collection
procedures were available elsewhere(17). The Centers for
Disease Control and Prevention National Center for Health
Statistics institutional review board approved the NHANES,
and all participants provided written informed consent.

Data from NHANES 2007–2016 were combined for the
present study, including 50 588 participants. The study sample
was restricted to adults aged ≥60 years (n 9760). About 2053
participants who had ineligible dietary recall status including
‘not reliable or not met the minimum criteria’ and ‘not done’
were excluded. After excluding the three participants with
incomplete functional disability data, 7704 individuals were
included in this study (Fig. 1).

Study variables

Functional disability. In NHANES, five domains of functional
disability(18), including lower extremity mobility (LEM), general
physical activity (GPA), leisure and social activities (LSA), activ-
ities of daily living (ADL) and instrumental activities of daily
living (IADL), were evaluated by asking participants about
their ability to perform nineteen routine tasks in the Physical
Functioning Questionnaire without special equipment (online
Supplementary Table S1). Participants were provided five
options: ‘no difficulty’, ‘some difficulty’, ‘much difficulty’,
‘unable to do’ or ‘don’t do this activity’. For each domain, dis-
ability status was defined as having any difficulty in perform-
ing one or more activities within a given domain(19,20).

Coffee consumption. The dietary interview component of
NHANES was conducted as a partnership between the US
Department of Agriculture and the US Department of Health
and Human Services. All participants were eligible for two
24-h dietary recalls administered by trained interviewers.
The first recall was collected in person through mobile exami-
nation centres, and the second one was collected via
telephone 3–10 d later. The food intake data, which were col-
lected and processed by the automated methods described
elsewhere(21), were used to measure the type and quantity
of consumed food and beverages as well as the daily total con-
sumption of nutrients, energy and other components from
those food and beverages.

Caffeinated and decaffeinated coffee consumption was
assessed according to the food code, and total coffee con-
sumption was the sum of those two. Caffeine consumption
was estimated from the intake of all caffeine-containing foods
and beverages. As the high agreement of two dietary recalls
(interclass correlation coefficient 0·71 for total coffee, 0·71
for caffeinated coffee, 0·65 for decaffeinated coffee and 0·67
for caffeine, P< 0·001), we chose the average coffee intake of
two dietary recalls for our main analysis. In order to visualise
the coffee consumption, total, caffeinated and decaffeinated
coffee consumption (in g) was divided by one cup size (10 oz
or 283·5ml)(22) and classified into four groups: none, <1 cup/d,
1 to <2 cup/d and ≥2 cup/d. Caffeine intake was divided into
quartile.

Other variables. Covariates recorded in this study included
age, sex (male and female), race and ethnicity, marital status
(‘single’ and ‘married’), educational level, annual household
income, BMI, physical activity, cigarette smoking, alcohol drink-
ing, energy intake, tea intake, soft drink intake, depression, hyper-
tension, diabetes, arthritis, gout, stroke and cancer. Race and
ethnicity were self-reported and allocated into five categories:
Mexican American, other Hispanic, non-Hispanic White, non-
Hispanic Black and another race. Educationwas grouped as ‘below
high school’, ‘high school’ and ‘above high school’. Annual house-
hold income was categorised as ‘<$20 000’, ‘$20 000 to <$45 000’,
‘$45 000 to <$75 000’ and ‘≥$75 000’. BMI was grouped into four
categories: underweight (<18·5 kg/m2), normal (18·5–24·9 kg/m2),
overweight (25–29·9 kg/m2) and obesity (≥30 kg/m2). Energy

Fig. 1. Study participant flow. NHANES, National Health and Nutrition
Examination Survey.
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intake, tea intake and soft drink intake were calculated based on
the two 24-h dietary recalls. Based on the Global Physical
Activity Questionnaire(23), physical activity was calculated and
classified as ‘none’, ‘not meeting WHO recommendations’
and ‘meet WHO recommendations’. Cigarette smoking was
categorised as ‘never’, ‘former’ and ‘current’. Alcohol drinking
was defined as ‘none’, ‘light’, ‘moderate’ and ‘heavy’(24).
Depressive symptom was assessed by using the Patient Health
Questionnaire(25). Hypertension, diabetes, arthritis, gout, stroke
and cancer were dichotomised as ‘yes’ or ‘no’ based on answers
of the question ‘Has a doctor ever diagnosed you with “this
problem”?’

Statistical analysis

Participants’ characteristics were presented as numbers and per-
centages for categorical variables and mean values and standard
deviations for continuous variables according to total coffee con-
sumption groups. The χ2 test or ANOVA was used to determine
descriptive statistics differences across groups. Age-adjusted and
multivariate-adjusted binary logistic regression models were
used to explore the associations of total, caffeinated, decaffein-
ated coffee and caffeine consumption with each functional dis-
ability’s domain. Linear trend across categories of coffee
consumption was evaluated by Stata’s ‘contrast’ command
assigning orthogonal polynomial coefficients(26,27). Moreover,
the multivariable-adjusted models were repeated with strata of
sex. After 1 % abnormal values before and after were rejected,
non-drinkers occupied 28·0 %; thus, we used restricted cubic
spline analyses with three knots located at the 30th, 50th and
70th percentiles of the exposure distribution to assess dose–
response relationships between total coffee consumption and
functional disability. The multivariate-adjusted and restricted
cubic spline models were adjusted for these potential
confounders: age, sex, race and ethnicity, marital status,
educational level, annual household income, BMI, physical
activity, cigarette smoking, alcohol drinking, energy intake,
tea intake, soft drink intake, depression, hypertension, diabe-
tes, arthritis, gout, stroke and cancer. When caffeinated coffee
was tested, decaffeinated coffee was adjusted as covariates
and vice versa.

Considering that diseases might influence the association
between coffee consumption and functional disability and
adjusting them as covariates might not completely remove
residual confounding, we conducted the sensitivity analyses
after excluding participants with CVD and cancer.

All analyseswere accounted for the complex survey design of
NHANES conducted on Stata version 15 (StataCorp LP). NHANES
10-year sampling weights, primary sampling unit and strata
information were used to obtain unbiased, nationally represen-
tative estimation. Statistical significance was defined as two-
sided P values ≤0·05.

Results

After filtering, 7704 participants aged 60 years and above were
eligible for this study (Fig. 1). Total, caffeinated and decaffeinated

coffee consumption weighted mean and standard deviations were
1·35 (SD 1·46) cups/d, 1·10 (SD 1·41) cups/d and 0·25 (SD 0·70)
cups/d, respectively. Online Supplementary Table S2 summa-
rises the characteristics according to the categories of total cof-
fee consumption.

Table 1 shows the weighted OR (95 % CI) of each functional
disability’s domain according to categories of total coffee con-
sumption. In the age-adjusted models, higher total coffee con-
sumption was associated with decreased odds of all domains
of functional disability. After adjusting the multivariate con-
founders, the lower odds of LEMdisabilitywere observed among
total coffee drinkers of 0 to <1 cups/d (OR 0·74, 95 % CI 0·57,
0·96) and ≥2 cups/d (OR 0·67, 95 % CI 0·50, 0·91) with respect
to non-coffee drinkers (Ptrend= 0·03). Compared with non-
drinkers of total coffee, those who consumed 2 cups or more
per d had OR of 0·65 (95 % CI 0·47, 0·88) and 0·61 (95 % CI
0·45, 0·83) for disability of GPA (Ptrend= 0·02) and LSA
(Ptrend= 0·006), respectively. And the intakes of 1 to <2cups
and ≥2 cups of coffee/d were linked to reduced odds of IADL
disability (OR1 to <2cups/d 0·72, 95 % CI 0·54, 0·95; OR≥2 cups/d:
0·59, 95 % CI 0·44, 0·78, Ptrend= 0·001). Although total coffee
drinkers ≥2 cups/d were also inversely associated with lower
odds of reporting ADL disability (OR 0·70), the CI (0·50, 1·01)
was wide as a result of the small number of participants.

The weighted associations between caffeinated coffee and
functional disability are displayed in Table 2. In the age-adjusted
models, participants with higher caffeinated coffee consumption
tended to have lower odds of all domains of functional disability
except LEM. In the fully adjusted models, compared with non-
drinker of caffeinated coffee, drinkers ≥2 cups/d showed lower
odds of reporting disability in GPA (OR 0·67, 95 % CI 0·48, 0·92,
Ptrend= 0·01) and LSA (OR 0·66, 95 % CI 0·46, 0·93, Ptrend= 0·02).
The odds of IADL disability was decreased across all other
categories of caffeinated coffee consumption with respect to
non-coffee drinkers (OR0 to <1 cups/d 0·71, 95 % CI 0·55, 0·93;
OR1 to <2 cups/d 0·69, 95 % CI 0·52, 0·91; OR≥2 cups/d 0·57, 95 % CI
0·43, 0·75, Ptrend< 0·001). A lower odds of ADL disability was
also observed among caffeinated coffee drinkers≥2 cups/d with
respect to non-coffee drinkers, although the association was not
statistically significant (OR 0·72, 95 % CI 0·52, 1·01). In Table 3,
we report the weighted age- and multivariate-adjusted associa-
tions between categories of decaffeinated coffee intake and
functional disability. The higher decaffeinated coffee intake
was only related to disability in LEM and LSA after adjusting
all confounders. Comparing drinkers of 0 to <1 and ≥2 cups/d
to non-drinkers of decaffeinated coffee consumption, the corre-
spondingORwas 0·65 (95 %CI 0·47, 0·89) and 0·43 (95 %CI 0·23,
0·81) for LEM disability (Ptrend= 0·02) and 0·64 (95 % CI 0·50,
0·82) and 0·39 (95 % CI 0·16, 0·94) for disability in LSA
(Ptrend= 0·08).

The weighted associations between caffeine intake
(mg/d) and functional disability are presented in online
Supplementary Table S3. Participants in the highest quartile of
caffeine intake had lower odds of reporting disability in GPA
(OR 0·76, 95 % CI 0·59, 0·99, Ptrend= 0·04) than those in the
lowest quartile. Also, the odds of reporting disability of ADL
was reduced among participants in the third quartile of intake
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(OR 0·71, 95 % CI 0·53, 0·97, Ptrend= 0·08). Compared with the
participants with lowest quartile of caffeine intake, those
with the second and third quartiles had OR of 0·65 (95 % CI
0·48, 0·87) and 0·63 (95 % CI 0·47, 0·84) of IADL disability
(Ptrend < 0·001).

The associations between total, caffeinated, decaffeinated
coffee and functional disability stratified by sex are displayed
in online Supplementary Tables S4 and S5. For males, total, caf-
feinated coffee and caffeine intakes were inversely linked to four
domains of functional disability (adjusted OR ranged from 0·48
to 0·67) except LSA disability, and the intake of decaffeinated
coffee was negatively associated with four domains of functional
disability (adjusted OR ranged from 0·35 to 0·64) except IADL
disability. While for females, there was inverse association of
total coffee intake with LSA and IADL disability (adjusted OR
ranged from 0·51 to 0·53), the inverse association was observed
between caffeinated coffee consumption and LSA, ADL and
IADL disability (adjusted OR ranged from 0·47 to 0·75), decaf-
feinated coffee consumption was negatively linked to LEM,
GPA and LSA disability (adjusted OR ranged from 0·58 to
0·67) and the caffeine intake was inversely associated with
IADL disability (OR 0·56, 95 % CI 0·40, 0·79). In the sensitivity
analysis, the results were almost unchanged when we excluded
participants with CVD and cancer (online Supplementary Tables
S6 and S7).

Fig. 2 depicts dose–response relationship between total cof-
fee consumption and each domain of functional disability except
ADL. We found that with increasing intakes of total coffee con-
sumption, the OR of the disability of LEM (Pfor non-linearity = 0·06),
GPA (Pfor non-linearity= 0·36), LSA (Pfor non-linearity = 0·44) and
IADL (Pfor non-linearity = 0·11) decreased in dose relationship man-
ner. The does–response relationship of total coffee consumption
was not carried out because no statistically significant association
was observed between total coffee consumption and ADL in the
multivariate logistic regression model.

Discussion

In this large-scale cross-sectional study, after adjusting con-
founders, older adults with high total coffee consumption had
lower odds of reporting disability in LEM, GPA, LSA, as well
as IADL, and the dose–response relationship was detected.
For different types of coffee, higher intake of caffeinated coffee
was associated with reduced prevalence of GPA, LSA and IADL
disability. And the decaffeinated coffee showed meaningful
inverse association only on the disability of LEM and LSA. The
association between different types of coffee and five domains
of functional disability was discrepant in males and females.

Limited studies have evaluated the association between
coffee consumption and functional disability. Machado-Fragua

Table 1. Age- and multivariate*-adjusted associations between categories of total coffee intake and functional disability, National Health and Nutrition
Examination Survey (NHANES) (2007–2016)
(Numbers and percentages; weighted odds ratios and 95% confidence intervals)

Total coffee (cups/d)

Ptrend

0 0 to <1 1 to <2 2þ
OR OR 95% CI OR 95% CI OR 95% CI

LEM (n 7699)
Cases/participants 932/2082 906/2065 808/2098 559/1454
Weighted prevalence (%) 41·2 39·4 37·1 32·7
Age adjusted Ref. 0·83 0·67, 1·02 0·76 0·62, 0·94 0·71 0·57, 0·89 0·004
Multivariate adjusted Ref. 0·74 0·57, 0·96 0·79 0·59, 1·05 0·67 0·50, 0·91 0·028

GPA (n 7699)
Cases/participants 1353/2081 1363/2064 1299/2099 897/1455
Weighted prevalence (%) 65·0 65·0 61·9 55·8
Age adjusted Ref. 0·90 0·74, 1·10 0·80 0·64, 0·99 0·70 0·55, 0·88 0·004
Multivariate adjusted Ref. 0·86 0·67, 1·10 0·82 0·62, 1·08 0·65 0·47, 0·88 0·015

LSA (n 7704)
Cases/participants 573/2083 593/2066 488/2100 307/1455
Weighted prevalence (%) 22·7 24·4 21·1 16·3
Age adjusted Ref. 1·03 0·83, 1·28 0·86 0·67, 1·11 0·68 0·53, 0·86 0·001
Multivariate adjusted Ref. 0·93 0·68, 1·26 0·96 0·69, 1·34 0·61 0·45, 0·83 0·006

ADL (n 7704)
Cases/participants 553/2083 574/2066 458/2100 296/1455
Weighted prevalence (%) 22·3 22·9 20·5 16·3
Age adjusted Ref. 0·97 0·77, 1·21 0·85 0·67, 1·08 0·69 0·52, 0·91 0·008
Multivariate adjusted Ref. 0·88 0·65, 1·19 0·95 0·69, 1·30 0·70 0·50, 1·01 0·088

IADL (n 7704)
Cases/participants 749/2083 757/2066 638/2100 416/1455
Weighted prevalence (%) 32·6 32·0 28·0 23·4
Age adjusted Ref. 0·88 0·70, 1·11 0·74 0·59, 0·93 0·65 0·51, 0·82 <0·001
Multivariate adjusted Ref. 0·77 0·57, 1·03 0·72 0·54, 0·95 0·59 0·44, 0·78 0·001

LEM, lower extremity mobility; Ref., reference; GPA, general physical activity; LSA, leisure and social activities; ADL, activities of daily living; IADL, instrumental activities of daily
living.
* Adjusted for age, sex, race and ethnicity, marital status, educational level, annual household income, BMI, physical activity, cigarette smoking, alcohol drinking, energy intake, tea
intake, soft drink intake, depression, hypertension, diabetes, arthritis, gout, stroke and cancer.

698 T. Wang et al.

https://doi.org/10.1017/S0007114520003153  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003153
https://doi.org/10.1017/S0007114520003153
https://doi.org/10.1017/S0007114520003153
https://doi.org/10.1017/S0007114520003153
https://doi.org/10.1017/S0007114520003153


et al.(16) conducted a cohort study with 3289 Spanish adults aged
≥60 years and found that althoughwithout significant interaction
of coffee intakes and subgroups, coffee consumption was asso-
ciated with lower risk of functional disability in women and
adults with hypertension, obesity or diabetes. But the protec-
tive effect of coffee was not significant in all adults. Whereas
our study suggested that older American adults who con-
sumed higher total, caffeinated and decaffeinated coffee
were associated with reporting lower odds of different
domains of functional disability after adjusting the risk factors
like hypertension, diabetes and so on. The inconsistent con-
clusions could possibly due to different study designs, studied
samples, types of coffee consumed and measurements of
functional disability.

Our findings supported that coffee consumption was associ-
ated with functional disability. What remains unknown is what
components of coffee confer such benefits. We examined the
relationship of caffeinated, decaffeinated coffee and caffeine
intake on the functional disability and found that although caf-
feinated coffee and decaffeinated coffee were both inversely
related to functional disability, those relationships differ across
domains of functional disability. Caffeinated coffee and caffeine
ntake both have beneficial associations on GPA and IADL
disability, which means the caffeine might be the beneficial
component of coffee. In consistent with the present results,

previous studies have demonstrated that the protective asso-
ciation between caffeinated coffee and falls might be due to
the caffeine(14). A randomised controlled trial assessed the
effect of caffeine ingestion on functional performance and
found that acute caffeine ingestion positively enhanced func-
tional performance in apparently healthy older adults(28). While
we also found that higher decaffeinated coffee was related to the
lower odds of LEM and LSA disability. Decaffeinated coffee
contains many non-caffeine compounds, such as chlorogenic
acid and diterpenoids. Chlorogenic acid, as the most common
compounds, improves many aspects of cognition such as sus-
tained attention, reaction time and alertness(29); those ability
was essential for older adults to maintain their physical
function(30). Therefore, the beneficial effects of decaffeinated
coffee might be partially due to chlorogenic acid which
enhanced sustained attention and reaction time.

The mechanism about the inverse association of coffee on
functional disability is unclear. Previous findings, along with
those from our study, may suggest that the inverse association
of coffee consumption against functional disability might be
due to the beneficial effects of coffee on muscle strength(31),
cognition(32,33) and anti-inflammatory effect(34). Guo et al.(31)

examined the effect of coffee on the skeletal muscles used aged
mice in vivo and detected that total coffee treatment was benefit
to the prevention of age-related sarcopenia in mice. These

Table 2. Age- andmultivariate*-adjusted associations between categories of caffeinated coffee intake and functional disability, National Health and Nutrition
Examination Survey (NHANES) (2007–2016)
(Numbers and percentages; weighted odds ratios and 95% confidence intervals)

Caffeinated coffee (cups/d)

Ptrend

0 0 to <1 1 to <2 2þ
OR OR 95% CI OR 95% CI OR 95% CI

LEM (n 7699)
Cases/participants 1327/3002 794/1840 621/1688 463/1169
Weighted prevalence (%) 40·2 38·4 36·2 33·6
Age adjusted Ref. 0·87 0·71, 1·06 0·82 0·66, 1·01 0·82 0·65, 1·03 0·084
Multivariate adjusted Ref. 0·79 0·61, 1·01 0·77 0·59, 1·02 0·75 0·55, 1·02 0·084

GPA (n 7699)
Cases/participants 1977/3000 1198/1840 1018/1689 719/1170
Weighted prevalence (%) 64·8 65·1 60·0 55·3
Age adjusted Ref. 0·95 0·78, 1·17 0·79 0·65, 0·95 0·72 0·56, 0·92 0·005
Multivariate adjusted Ref. 0·92 0·72, 1·18 0·79 0·61, 1·01 0·67 0·48, 0·92 0·014

LSA (n 7704)
Cases/participants 813/3003 502/1842 392/1689 254/1170
Weighted prevalence (%) 21·9 24·2 20·9 16·4
Age adjusted Ref. 1·09 0·87, 1·37 0·93 0·71, 1·20 0·74 0·56, 0·98 0·024
Multivariate adjusted Ref. 1·07 0·79, 1·43 0·96 0·71, 1·32 0·66 0·46, 0·93 0·016

ADL (n 7704)
Cases/participants 795/3003 498/1842 343/1689 245/1170
Weighted prevalence (%) 22·3 21·7 19·9 15·7
Age adjusted Ref. 0·93 0·74, 1·15 0·85 0·65, 1·10 0·71 0·55, 0·93 0·013
Multivariate adjusted Ref. 0·88 0·66, 1·18 0·88 0·65, 1·19 0·72 0·52, 1·01 0·066

IADL (n 7704)
Cases/participants 1087/3003 644/1842 496/1689 333/1170
Weighted prevalence (%) 32·9 29·6 27·5 22·5
Age adjusted Ref. 0·80 0·65, 0·99 0·75 0·59, 0·94 0·63 0·49, 0·81 <0·001
Multivariate adjusted Ref. 0·71 0·55, 0·93 0·69 0·52, 0·91 0·57 0·43, 0·75 <0·001

LEM, lower extremity mobility; Ref., reference; GPA, general physical activity; LSA, leisure and social activities; ADL, activities of daily living; IADL, instrumental activities of daily
living.
* Adjusted for age, sex, race and ethnicity, marital status, educational level, annual household income, BMI, physical activity, cigarette smoking, alcohol drinking, energy intake, tea
intake, soft drink intake, depression, hypertension, diabetes, arthritis, gout, stroke, cancer and decaffeinated coffee consumption.
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results provided the evidence to support the protective effect
of coffee on functional disability that might be caused by the
loss of skeletal muscles. Moreover, cognition is essential for
planning andmonitoring performance. Lower levels of cognition
have been reported to be related to self-reported disability(33).
Meanwhile, coffee drinkers at midlife had better cognition
later in life with respect to those drinking no or only little
coffee(32). Thus, the inverse associations of coffee in our study
might be related to better cognition. Additionally, anti-
inflammatory effects of coffee might attenuate many health-
related outcomes such as disability. Many previous studies
have reported that coffee consumption was associated
with lower levels of inflammatory markers such as IL-8(35),
fetuin-A(36) and 8-isoprostane levels(35), which were risk factors
of incident mobility limitation(37) and ADL disability(38). The
mechanismof coffee on functional disability needs to be explored
by more research considering the potential hypothesis of muscle
strength, diabetes and anti-inflammatory effects.

A major strength of this study is the large number of
participants from the NHANES, which could generate nationally
representative estimates of older American adults. Furthermore,
we used five domains to measure the functional disability,
including LSA which has not been investigated in the previous
studies. Moreover, the correlation coefficients of two 24-h
dietary recalls are 0·71, which proved the high reliability of

habitual coffee consumption in this study. In addition, we
detected the dose–response relationships between total cof-
fee consumption and functional disability. Finally, our study
investigated the association of diverse type of coffee on each
functional disability domain. However, there were also some
limitations in our study. First, owing to the cross-sectional design
of this study, the causal inferences of coffee consumption and
functional disability cannot be inferred, the possibility of
reverse causality also cannot be excluded. Participants may
drink less coffee due to the reduced mobility (unable to pre-
pare or buy coffee) and reduced social activities (less reason
to drink coffee). Therefore, longitudinal cohort study is
necessary to investigate the prospective association between
coffee consumption and functional disability in older American
adults in the future. Second, the coffee consumption and func-
tional disability were self-reported, which might introduce recall
bias. Finally, although numerous potential confounders have
been adjusted, some residual confounding might still persist.
Yet, we hope these results may stimulate interest in achieving
a better understanding of the associations between coffee
consumption and functional disability.

In conclusion, our results show that coffee consumption is
inversely associated with the lower odds of functional disability
in older American adults. The inverse associations of diverse cof-
fee type differ across the different domains of functional

Table 3. Age- and multivariate*-adjusted associations between categories of decaffeinated coffee intake and functional disability, National Health and
Nutrition Examination Survey (NHANES) (2007–2016)
(Numbers and percentages; weighted odds ratios and 95% confidence intervals)

Decaffeinated coffee (cups/d)

Ptrend

0 0 to <1 1 to <2 2þ
OR OR 95% CI OR 95% CI OR 95% CI

LEM (n 7699)
Cases/participants 2582/6195 386/892 168/416 69/196
Weighted prevalence (%) 38·4 36·1 34·3 30·9
Age adjusted Ref. 0·80 0·62, 1·02 0·75 0·52, 1·06 0·74 0·45, 1·19 0·237
Multivariate adjusted Ref. 0·65 0·47, 0·89 0·73 0·50, 1·06 0·43 0·23, 0·81 0·022

GPA (n 7699)
Cases/participants 3924/6195 594/893 263/415 131/196
Weighted prevalence (%) 61·8 62·6 61·6 61·9
Age adjusted Ref. 0·92 0·67, 1·26 0·89 0·60, 1·32 1·04 0·68, 1·59 0·911
Multivariate adjusted Ref. 0·75 0·52, 1·07 0·80 0·50, 1·27 0·67 0·40, 1·14 0·180

LSA (n 7704)
Cases/participants 1590/6199 243/893 92/416 36/196
Weighted prevalence (%) 21·5 20·1 19·8 15·2
Age adjusted Ref. 0·84 0·66, 1·07 0·84 0·60, 1·17 0·67 0·34, 1·29 0·244
Multivariate adjusted Ref. 0·64 0·50, 0·82 1·03 0·69, 1·54 0·39 0·16, 0·94 0·082

ADL (n 7704)
Cases/participants 1511/6199 232/893 97/416 41/196
Weighted prevalence (%) 20·7 20·8 18·2 18·1
Age adjusted Ref. 0·93 0·72, 1·20 0·80 0·56, 1·13 0·87 0·52, 1·45 0·492
Multivariate adjusted Ref. 0·73 0·53, 1·00 0·92 0·60, 1·39 0·57 0·30, 1·09 0·157

IADL (n 7704)
Cases/participants 2036/6199 331/893 138/416 55/196
Weighted prevalence (%) 28·8 31·7 29·1 24·8
Age adjusted Ref. 1·03 0·80, 1·33 0·93 0·66, 1·30 0·84 0·48, 1·46 0·484
Multivariate adjusted Ref. 0·82 0·61, 1·10 0·86 0·60, 1·23 0·55 0·28, 1·06 0·107

LEM, lower extremity mobility; Ref., reference; GPA, general physical activity; LSA, leisure and social activities; ADL, activities of daily living; IADL, instrumental activities of daily
living.
* Adjusted for age, sex, race and ethnicity, marital status, educational level, annual household income, BMI, physical activity, cigarette smoking, alcohol drinking, energy intake, tea
intake, soft drink intake, depression, hypertension, diabetes, arthritis, gout, stroke, cancer and caffeinated coffee consumption.
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disability. Further research is essential to confirm these results in
prospective design in older American adults and explore the
mechanism of the inverse associations.
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