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Abstract

Background Physical function is an important indicator of physical health and predicts mortality. This study identi-
fied characteristics associated with limitations in Medicare recipients’ activities of daily living.

Methods 2019 Consumer Assessment of Healthcare Providers and Systems Fee-for-Service Medicare Survey data:
79,725 respondents (34% response rate) who were 65 and older and 53% female; 7% Black, 5% Hispanic, 4% Asian
American, Native Hawaiian, or other Pacific Islander, 2% Multiracial, 1% American Indian/Alaskan Native; 35% with high
school education or less. Walking, getting in and out of chairs, bathing, dressing, toileting, and eating (scored as hav-
ing no difficulty versus being able to do with difficulty or unable to do) and a scale of these items were regressed

on patient characteristics.

Results After adjustment for all characteristics, function limitations were found for those who smoked (effect sizes
of significant associations range .04-.13), had chronic health conditions (.02-.33), were 85 years or older (.09-46),
needed assistance completing the survey (.32-1.29), were female (.05-.07), and had low income and assets (.15-47).

Conclusions These nationally representative U.S. estimates of physical function characteristics are useful for interven-
tions for vulnerable population subgroups.
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Introduction strength, or endurance [1]. A previous study of 366,701

Physical functioning is the ability to conduct activities
ranging from self-care to more challenging and vigor-
ous activities that require increasing degrees of mobility,
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adults in Medicare (managed care or Fee-for-Service)
showed that a minority reported that they had difficulty
or were unable to do six physical function activities: eat-
ing (6%), toileting (9%), dressing (12%), bathing (15%),
getting in and out of chairs (22%), and walking (31%) [2].

Hardy et al. [3] found that the inability to walk one-
quarter of a mile was associated with more hospitaliza-
tions, total annual healthcare costs, and mortality in
adults with Medicare insurance in the U.S. Similarly,
functional limitations are associated with greater hos-
pitalizations and emergency department admissions
among older Mexican Americans with Alzheimer’s dis-
ease and related dementias [4]. In addition, limitations
in activities of daily living have been linked with a higher
likelihood of unmet healthcare needs [5].
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Smoking, health conditions, age, gender, race and eth-
nicity, and socioeconomic status may be associated with
functional limitations. Smoking has been linked to worse
physical function [6], but one study found no differences
in aerobic or anaerobic physical fitness by smoker status
among women [7]. Worse physical function has been
consistently observed for those with more chronic health
conditions [8, 9]. Prior studies also document more limi-
tations with age, especially among older women [10-13].
Poorer physical function in African Americans than in
White Women has been reported [14], but this may be
partly due to socioeconomic differences [15]. Moreover,
there is limited information about the physical function
of other racial-and-ethnic groups. While less educational
attainment is related to poorer physical function [10, 14],
one study showed a lack of associations between physical
functioning and neighborhood poverty, education, and
income [16]. The inconsistent results of prior studies are
partly due to small and unrepresentative samples of the
older population.

An analysis of data from more than 170,280 enrollees
in Medicare managed care included in the Surveillance,
Epidemiology, and End Results (SEER) Medicare Health
Outcomes Survey (MOS) data indicated worse self-
reported physical health for Hispanic enrollees, Medicaid
enrollees, and those with lower income and less educa-
tion [17]. A subsequent analysis of the SEER-MHOS data
indicated worse physical health for Hispanic and non-
Hispanic Black enrollees than for non-Hispanic Asians/
Pacific Islander and non-Hispanic White enrollees [18].

The SEER-MHOS data is limited to Medicare Advan-
tage enrollees from the 13 SEER regions of the U.S. Iden-
tifying the characteristics of Fee-for-Service recipients
throughout the U.S. who report physical functioning
limitations is needed to target care for this vulnerable
Medicare subgroup. Patient characteristics associated
with physical function have not been reported for a large
and representative sample of 65-year-old Fee-for-Service
recipients. This paper examines associations of patient
characteristics with each of six physical function items
and an index of these items in a nationally representative
sample of Medicare Fee-for-Service patients in the U.S.

Materials and methods

The RAND Institutional Review Board approved this
study. We analyzed survey data from the 2019 CAHPS
Medicare Fee-for-Service Survey. Data were collected
from March to May 2019 using a mixed-mode data col-
lection protocol consisting of two survey mailings and
telephone follow-up of non-respondents to the mailed
questionnaire. The survey sample covers all 50 U.S. states,
the District of Columbia, and Puerto Rico.
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The survey asked about eating, using the toilet, dress-
ing, bathing, getting in or out of chairs, and walking.
These six items were administered using a common
item stem: “Because of a health or physical problem,
are you unable to do or have any difficulty doing the fol-
lowing activities?” Study participants were offered three
response options: I am unable to do this activity; Yes, I
have difficulty; No, I do not have difficulty. For the anal-
yses, items were dichotomized (0=have no difficulty;
1=able to do with difficulty or unable to do). Support for
the reliability and construct validity of these self-reports
of limitations in activities of daily living were reported
elsewhere [2].

The survey included important variables from prior
literature and those used in standard CAHPS Medi-
care case-mix adjustment analyses. Assessed were race
and ethnicity, educational attainment, and whether the
respondent was a current smoker, lived alone, had a
primary care doctor, and had proxy assistance complet-
ing the survey. In addition, the survey asked whether
respondents had ever been diagnosed by a doctor with
each of six conditions: angina or coronary heart disease;
cancer other than skin cancer; emphysema, asthma, or
COPD (chronic obstructive pulmonary disease); any dia-
betes or high blood sugar; hypertension or high blood
pressure, and a heart attack. Age, gender, survey lan-
guage, dual eligibility for Medicaid and Medicare, and
eligibility for a low-income subsidy (LIS) for prescription
drug coverage were available from the Centers for Medi-
care & Medicaid Services (CMS) or survey administrative
records. Dual eligibility and LIS coverage are associated
with having low income or assets.

The analytic sample was 79,725 adults 65 and older:
53% were female, 30% lived alone, and 8% were cur-
rent smokers. Sample characteristics are summarized in
Table 1.

Analysis plan

We hypothesized that older age, having health condi-
tions, dual eligibility, LIS coverage, and requiring proxy
assistance completing the survey would be significantly
associated with worse physical function. We report fre-
quencies for the six physical function items and estimate
multivariate ordinary least squares (OLS) regression
models with physical function items and the simple-sum-
mated six-item scale as dependent variables. For ease of
interpretation, we dichotomized items into no difficulty
versus some difficulty or unable to do. OLS regressions
are robust to non-normality, including dichotomization
at these sample sizes, and support tests of means and
correlations [19]. The scale was calculated as the mean
across the six items; each scored O=no difficulty,
50=some difficulty, and 100=unable to do (coefficient
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Table 1 2019 Medicare Fee-for-Service Consumer Assessment of
Healthcare Providers and Systems (CAHPS) sample ages 65 and
older (n =79,725)

Characteristics %
Female 53%
Age
65-69 26%
70-74 28%
75-79 19%
80-84 13%
85+ 14%
Race and Ethnicity
American Indian/Alaskan Native 1%
Asian American and Native Hawaiian or other Pacific Islander 4%
Black 7%
Hispanic 5%
Multiracial (i.e.,, more than one race selected) 2%
White 82%
Current Smoker 8%
Health Conditions
Angina 15%
Cancer 18%
Chronic obstructive pulmonary disease 15%
Diabetes 26%
Hypertension 64%
Heart attack 10%
Education
Some high school or less 9%
High school or General Education Diploma 26%
Some college or 2-year degree 28%
4-year degree 15%
More than a 4-year degree 21%
Financial assistance
Neither dual eligibility nor receipt of low-income subsidy 90%
Low-income subsidy only 1%
Dual eligibility, with or without low-income subsidy 8%
Live alone 30%

Survey Language

English 98%

Spanish 2%

Chinese <1%
Have a primary doctor 94%
Proxy Status

No proxy assistance 90%

Proxy helped, but did not answer for the patient 6%

Proxy answered for the patient 4%

Age, financial assistance (dual eligibility and receipt of a low-income subsidy),
survey language, and gender were obtained from the Centers for Medicare &
Medicaid Services or survey administrative records, and all cases had complete
data. All other variables were derived from the survey and were missing for
some cases; rates of item missingness were 6% for education, 4% for race and
ethnicity, 3% for living alone, 11% for proxy status, 4-5% for the six chronic
conditions, 5% for smoking status, and 2% for having a primary doctor
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alpha=0.94). The six items and the scale were z-scored
(mean=0; standard deviation=1) before use in mod-
eling; coefficients can be interpreted as effect sizes. We
report the statistical significance and 95% confidence
intervals for the coefficients.

Models adjust for coverage type (Fee-for-Service with
versus without a Part D Plan); Census Division (New
England, Middle Atlantic, East North Central, West
North Central, South Atlantic, East South Central, West
South Central, Mountain, Pacific) or Puerto Rico; and
rurality (residence in a metropolitan division or metro-
politan statistical area, a micropolitan statistical area, or
outside of metropolitan or micropolitan areas).

The data were weighted to represent the population of
Fee-for-Service recipients age 65 years or older using the
probability of sampling and response. Analyses were con-
ducted using SAS 9.4 (TS1M2).

Results
Of the 238,051 people sampled for this survey, 1,363 (1%)
were ineligible, and 156,963 (66%) were non-respondents,
resulting in a 34% response rate. The percentage of the
sample reporting limitations (any difficulty or inability to
do the activity) was 5% for eating, 8% for toileting, 11%
for dressing, 13% for bathing, 19% for getting in and out
of chairs, and 27% for walking. These rates are compara-
ble to those collected a decade ago with the same items
in another sample of adults with Medicare insurance [2].
Table 2 summarizes the results of the multivariate
regression models. Females were more likely than males
to report limitations in bathing, getting in and out of
chairs, walking, and the physical function scale. Older
age was associated with more limitations for all six activi-
ties and the scale score, with limitations being most
common among the 85 and older group. Multiracial indi-
viduals reported the most limitations of any racial-and-
ethnic group, and Asian American and Native Hawaiian
or other Pacific Islander respondents reported the fewest.
Current smokers and those with chronic health condi-
tions were more likely to report physical limitations.
There was a non-monotonic relationship between
educational attainment and physical limitations, as the
highest level of limitations was seen in those with a high
school degree or some college. Respondents with dual
eligibility or who received the LIS were likelier to report
physical limitations than those who were neither dually
eligible nor LIS recipients. Those living alone reported
more limitations in getting in and out of chairs and walk-
ing than those living with others. Patients needing proxy
respondents reported substantially more physical limita-
tions. Patients with a primary care doctor were less likely
to report limitations in eating.
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Table 2 Linear regression of limitations in six physical function items and six-item scale on patient characteristics in the 2019 Medicare
CAHPS Fee-for-Service Survey, ages 65 and older

Bathing Dressing Eating Chairs Walking Toileting Scale
Female .05 (.03, .07)*** .00 (-02,.01) 01 (-01,.03) 05 (04, .07)*** .07 (05,.08***  .01(-01,.03) .03 (01, .05)***
Age
70-74 -01(-.03,.01) -01(-03,.01) -01(-03,.01) -01 (=03, 01) -01(-03,.01) -02 (-.04, .00) -02 (-.04,.00)
75-79 .03 (01, .05)** .02 (.00, .05) 01(-02,.03) 06 (.03,.08)*** .08 (05,.10)*** .03 (01,.06)** .04 (01, .06)**
80-84 .09 (.06, .12)*** 08 (.05, .11)*** 03 (<.01, .06)* J4(11,.06)%** 18(.16, 21)%** .06 (.03, .09)*** .09 (.06, .11)***
85+ 35 (31, .38)*** 25 (.22, 28)*** 09 (06,.12)***  37(34, 40)*** 46 (44, 49)*** 21 (.18, .24)%** 28 (.25, 31)***
Race-and-ethnicity
Asian Ameri-  -15 (-.20,-.10)*** 1(-16,-06)*** -04(-10,.01) =20 (-.25,-15)%**  -17 (-.22,-13)*** -07 (-13,-02)**  -15(-.20,-.10)***
can and Native
Hawaiian
or other Pacific
Islander
American 02 (-12,.15) 02(-11,.16) 12(-03,.27) 05 (-07,.17) A1(-01,.22) -01(-14,.12) .05 (-.08,.18)
Indian/Alaska
Native
Black .04 (.00, .08) .04(00 .08) 00 (-.04, .04) 04 (<.01,.08)* 06 (.02,.10)** 03 (-01,.07) 01 (-02,.05)
Hispanic -01 (-.06, .04) 05 (-01,.10) 05 (.00,.11) -06 (-10,-01)*  -04(-08, .01) 02 (-.03,.08) 00 (-.05, .06)
Multiracial 20 (.12, .28)*** 13 (.05, 21)** 0(.02,.19)* 17 (09, .24)*** 23 (.15, .30)%** 08 (<.01,.17)* 09 (.04, .15)**
Current Smoker .04 (01, .08)** 02 (-02,.05) 05 (.01, .08)* 04 (<.01,.07)*  13(10,.16)*** 03 (.00, .06) (01 08)**

Health Conditions

Angina
Cancer

Chronic
obstructive pul-
monary disease

Diabetes

Hypertension

Heart attack
Education

< =8th grade

Some high
school

Some college
4-year degree

>4-year
degree

11(08, .14)%*
.05 (.03, .07)***
.23 (.20, .26)***

4(12,.16)***
.03 (.02, .05)***
.09 (06, .13)***

-03 (-10,.04)
-03(-08, .01)

.02 (.00, .04)
-03 (-.06, -01)**
-05 (-07,-02)***

Financial assistance

Low-income
subsidy,
but not dually
eligible

Dual eligibility,
with or without
low-income
subsidy

Live alone

Survey Language

Spanish
Chinese
Proxy

Helped
but did
not answer

26 (17, 36)***

A7 (42, 52)7%%

.02 (.00, .04)

-04(-17,.09)
-45(-1.10, .20)

66 (60, .71)***

.08 (.05, .11)%*
.04 (.02, .06)***
17(15, 2007

1(09,.14
.02 (01, .04)**
1(.08, .15)***

)***

-08 (-.15,>-01)*
-07 (-12,-02)**

.02 (.00, .04)
-02 (-04, 01)
-03 (-.05,>-01)*

16 (07, .26) ***

41 (.36, 46)***

.00(-02, .01)

00 (-14,.14)
-08 (-85, .69)

67 (61,.73)%**

03 (<.01,.06)*
.03 (01, .06)**
.08 (.05, .10)***

.06 (.04, .08)***
.00 (-.02,.02)
08 (.04, .11)%*

-01 (=09, .07)
-009 (-.14, -.04)***

.00 (-.02, .03)
-.03 (-.05, .00)
-04 (-07,-.02)***

7(07,.27) **

26 (21,.32)%**

.00 (-02,.01)

-07 (-22,.08)
36 (-.68, 1.40)

32(.26, 38)***

1209, .14)%*
.08 (.06, .10)***
2219, 24)%%*

20 (.18, .22)***
.09 (.08, .11)***
12 (09, .16)***

=11 (-17,-.04)%%*
-04 (-.09, .00)

.00 (-02,.02)
-06 (-.08, -.03)***
-08 (=10, -.05)***

25 (.16, .34)***

35 (.30, 39)***

02 (<.01,.04)*

15 (.03, .28)*
-.25(-87,.38)

49 (44, 53)x**

1714, .19)%%
.08 (.06, .09)***
33 (31,.35)7%*

23 (22, 25
14(12,.15)%**
411,07y

-08 (-.14,-02)**
01 (-04, .05)

-02 (.04, .00)
-09 (=12, -.07)***
=12 (-14,-10)%*

.32/ (.23, 40)***

42 (38, 46)***

.04 (02, .05)***

-01(-12,.10)
19(-34,.72)

42 (38, 47)***

.06 (.03, .08)***
.02 (.00, .04)
11(08, .14)%*

10 (.08, .12
02 (<.01,.04)*
.09 (.06, .13)***

)*-x-*

-03 (-11,.05)

-07 (-12,-02)**

.00 (.02, .03)
-02 (-04, 01)

-02 (-.05,>-01)*

5(.05,.24)**

.30 (.24, 35)***

-01(-03, 01)

01(-13,.16)
2(-75,.99)

53 (47, 59)%**

.09 (.06, .11)***
.04 (.02, .06)***
18 (16, 21)7%*

5(13,.16)**
.05 (.03, .07)***
2 (.08, .15)%*

-07 (-14,>-01)*
-08 (-.12,-.03)***

.00 (-02,.02)
-05 (-.08, -.03)***
-07 (-.09, -.05)***

19 (11, .28)%**

35 (31, 40)***

.00 (-02, .01)

-05(-17,.06)
~12 (-65, 41)

51 (46, .56)***
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Table 2 (continued)
Bathing Dressing Eating Chairs Walking Toileting Scale
Answered 1.29 (1.23,1.36)**  1.27(1.20,1.34)* 1.04 (94, 1.13)*** 87 (.81, .92)*** 71 (66, .76)*** 1.21(1.13,1.29)%* 123 (1.15,1.30)***
for patient

Have a primary -.02 (-05,.02) -02 (-.05,.01) -05 (-.08,-01)*

doctor

-01(-04, .02)

02 (-01,.05) -03 (-.07, .00) -02 (-.05,.02)

Cells are Estimate (95% Confidence Interval) *p<.05 **p<.01 ***p<.001. For statistically significant estimates where one end of the confidence interval rounds to 0.00,

we use <0.01 and >-0.01 to indicate positive or negative coefficients, respectively

Missingness rates were 4% for Bathing, 4% for Dressing, 5% for Eating, 4% for Chairs, 4% for Walking, 4% Toileting, and 6% for the scale. The physical function items
were z-scored (mean=0; standard deviation=1; higher score indicates some difficulty or unable to do the activity) before use in modeling; coefficients can be
interpreted as effect sizes. The scale was calculated as the mean across the six items; each scored as 0=no difficulty, 50=some difficulty, 100=unable to do. The scale
was z-scored (mean=0; standard deviation=1) before use in modeling; coefficients can be interpreted as effect sizes

Models also adjust for coverage type (Fee-for-Service with versus without a Part D Plan); Census Division (New England, Middle Atlantic, East North Central,
West North Central, South Atlantic, East South Central, West South Central, Mountain, Pacific) or Puerto Rico; and rurality (residence in a metropolitan division or
metropolitan statistical area, a micropolitan statistical area, or outside of metropolitan or micropolitan areas)

The holdout groups in the model were age 65-69, high school or general education diploma, no subsidy or dual eligibility, English, White, male, do not live alone, no

proxy, no chronic conditions, not a current smoker, and do not have a primary doctor

Discussion

This U.S. Medicare Fee-for-Service sample analysis iden-
tified several significant correlates of activities of daily liv-
ing in those 65 and older. Smokers, people with chronic
health conditions, older adults, those who required help
completing the survey, females, Multiracial people, and
those with limited income and assets were significantly
more likely to report limitations in physical functioning.

These results from a representative sample of Medi-
care Fee-for-Service recipients in the U.S. are important
because of the unique findings related to race/ethnic and
socioeconomic variables. Prior work compared Black,
Hispanic, and White respondents but did not include a
multiracial category [17, 18]. The current study found
more limitations on all six physical function items for
multiracial adults than non-Hispanic White respondents.
The study also provides new information about the role
of low income in functional status, as there were unique
associations of receiving LIS with more impairment in
all six activities of daily living. The study also found that
dually eligible individuals and those requiring proxy
assistance to complete the survey were significantly more
likely to report limitations for all six physical functioning
items.

Some prior studies have found that lower education is
associated with more functional limitations. However,
education is considered a surrogate for socioeconomic
position. In our primary regression models, we adjusted
for LIS, a measure of limited income and assets. We
found negative regression coefficients (indicating less
functional limitations) for those who did not graduate
from high school and those with a 4-year or higher col-
lege degree compared to those who only graduated from
high school. Education was negatively associated with
functional limitations in models that adjusted for only
LIS and only for proxy (not reported). Hence, the total

effect of education on functional limitations and the
indirect effects of education through LIS and proxy were
negative, but the direct effect was quadratic. Future stud-
ies are needed to evaluate education’s direct and indirect
effects on functional limitations.

Among the chronic conditions measured in the study,
chronic obstructive pulmonary disease and diabe-
tes tended to have the most consistent and substantial
unique associations with lower physical function. A pre-
vious analysis of the Surveillance, Epidemiology, and End
Results Medicare Health Outcomes Survey of 126,366
adults 65 and older found similar significant unique
associations of those chronic conditions with the SF-6D
health-related quality of life preference measure [20].
The greater level of limitations in physical functioning
reported by women (bathing, chairs, walking) and older
individuals (all six activities) is consistent with other
studies [11-15]. In addition, the finding that current
smokers reported more limitations in getting in and out
of chairs, walking, and eating than non-smokers is con-
sistent with a prior study [8]. Moreover, Black respond-
ents reported more limitations in getting in and out of
chairs and walking than White respondents.

This study has limitations that are important to
acknowledge. One limitation is the focus on only Medi-
care Fee-for-Service. Results may not generalize to
Medicare recipients enrolled in Medicare Advantage
(managed care plans). However, prior studies [3, 18]
have included this subgroup of the Medicare popula-
tion. In addition, the study relies on self-reports, and
some of the differences in this study could be partly due
to differential item function (DIF). For example, Teresi
et al. [21] found that Functional Assessment in Acute
Care MCAT mobility items related to stairs had note-
worthy DIF and recommended that these items not be
included in short forms of the measure. While we do
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not include this item, research is needed to evaluate
the measurement equivalence of the six physical items
examined in the study by age, gender, race and ethnic-
ity, and educational attainment.

The nature of the items included in the study is
another potential study limitation. Most of the sample
reported no limitations on the six physical function
items. Results could differ for items representing higher
levels of physical function, such as: “Does your health
now limit you from doing vigorous activities, such as
running, lifting heavy objects, or participating in stren-
uous sports?” In addition, we did not assess all health
conditions associated with functional limitations, such
as arthritis and dementia. Another limitation of our
study is the 34% response rate. However, the response
rate is a weak proxy for non-response bias [22], and
modest differences between responders and non-
responders on observed characteristics were accounted
for by non-response weighting [23].

In summary, this large and nationally representative
sample of Medicare Fee-for-Service recipients provides
important information about individual characteristics
associated with limitations in physical function. This
information is useful for identifying subgroups of older
individuals in the U.S. who can be targeted for monitor-
ing and interventions to prevent falls and other nega-
tive consequences [24]. It is also important to recognize
the notable variation in daily living activities among
those in the higher-risk categories [25].

Acknowledgements
The authors thank Katherine Osby, Victor Gonzalez, and Biayna Darabidian for
help with manuscript preparation.

Authors’ contributions

RDH and MNE conceptualized the paper. AH analyzed the data under the direction
of MNE. RDH drafted the paper and revised it based on input from all coauthors
(AH, AMH, SCM, NO, JB, MNE). All authors read and approved the final manuscript.

Funding

This research was supported by a contract from the Centers for Medicare &
Medicaid Services (CMS; HHSM-500-2017-00083G). The views expressed in
this article are those of the authors and do not necessarily reflect the views of
the Department of Health and Human Services or CMS.

Availability of data and materials

The datasets generated and analyzed during the current study are not pub-
licly available due to restrictions on access by the United States Centers for
Medicare & Medicaid Services.

Declarations

Ethics approval and consent to participate

RAND's Human Subjects Protection Committee (HSPC) has reviewed and
approved this research (Assurance Number: FWA00003425; IRB ID Number:
IRBO0O000051; HSPC Project ID: 2011-0799). The HSPC is RAND's Institutional
Review Board, which reviews research involving human subjects, as federal
regulations require. Completion of the survey was voluntary, and informed
consent was obtained explicitly for those completing the phone survey, which
was implied by the return of mail surveys.

Page 6 of 7

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 December 2023 Accepted: 24 July 2024
Published online: 01 August 2024

References

1. Dias JM. Physical functioning (PF). In: Michalos AC, editor. Encyclopedia
of quality of life and well-being research. Dordrecht: Springer; 2014. p.
4793-5.

2. Hays RD, Mallett JS, Gaillot S, Elliott MN. Performance of the Medicare
Consumer Assessment of Health Care Providers and Systems (CAHPS)
physical functioning items. Med Care. 2016;54:205-9.

3. Hardy SE, Kang Y, Studenski SA, Degenholtz HB. Ability to walk 1/4 mile
predicts subsequent disability, mortality, and health care costs. J Gen
Intern Med. 2011;26:130-5.

4. Downer B, Al Snih S, Raji M, Chou LN, Kuo YF, Markides KS, et al.
Healthcare utilization of Mexican-American medicare beneficiaries with
and without Alzheimer’s disease and related dementias. PLoS ONE.
2020;15:e0227681. https://doi.org/0.1371/journal.pone.0227681.

5. Mahmoudi E, Meade MA. Disparities in access to health care among
adults with physical disabilities: analysis of a representative national
sample for a ten-\year period. Disabil Health J. 2015;8:182-90.

6. Gaggero A. Effect of smoking on physical function in older adults: a
Mendelian randomisation analysis. J Epidemiol Community Health.
2022;76:595-9.

7. Jeon HG, Kim G, Jeong HS, So WY. Association between cigarette smok-
ing and physical fitness level of Korean adults and the elderly. Healthcare
(Basel). 2021;9:185. https://doi.org/10.3390/healthcare9020185.

8. JindaiK, Nielson CM, Vorderstrasse BA, Quifiones AR. Multimorbidity and
functional limitations among adults 65 or older, NHANES 2005-2012. Prev
Chronic Dis. 2016;13:e151. https://doi.org/10.5888/pcd13.160174.

9. Rothrock NE, Hays RD, Spritzer K, Yount SE, Riley W, Cella D. Relative to
the general US population, chronic diseases are associated with poorer
health- related quality of life as measured by the Patient-Reported
Outcomes Measurement Information System (PROMIS). J Clin Epidemiol.
2010;63:1195-204.

10. Garber CE, Greaney ML, Riebe D, Nigg CR, Burbank PA, Clark PG. Physical
and mental health-related correlates of physical function in com-
munity dwelling older adults: a cross sectional study. BMC Geriatr.
2010;10:6. https://doi.org/10.1186/1471-2318-10-6.

11. Gill TM, Allore HG, Hardy SE, Guo Z. The dynamic nature of mobility dis-
ability in older persons. J Am Geriatr Soc. 2006;54(2):248-54.

12. Orellano-Coldén EM, Sudrez-Pérez EL, Rivero-Méndez M, Boneu-Meléndez
CX, Varas-Diaz N, Lizama-Troncoso M, Jiménez-Veldzquez IZ, Ledn-Astor A,
Jutai JW. Sex disparities in the prevalence of physical function disabilities:
a population-based study in a low-income community. BMC Geriatr.
2021;21(1):419. https://doi.org/10.1186/512877-021-02362-z.

13. Lin MH, Chen LJ, Huang ST, Meng LC, Lee WJ, Peng LN, Hsiao FY, Chen
LK. Age and sex differences in associations between self-reported health,
physical function, mental function and mortality. Arch Gerontol Geriatr.
2022,98:104537. https://doi.org/10.1016/j.archger.2021.104537.

14. Latham K. Racial and educational disparities in mobility limitation among
older women: what is the role of modifiable risk factors?. J Gerontol B
Psychol Sci Soc Sci. 2014;69:772-83.

15. Kington RS, Smith JP. Socioeconomic status and racial and ethnic differ-
ences in functional status associated with chronic diseases. Am J Public
Health. 1997,87:805-10.

16. Wright KD, Pepper GA, Caserta M, Wong B, Brunker CP, Morris DL, et al.
Factors that influence physical function and emotional well-being
among Medicare-Medicaid enrollees. Geriatr Nurs. 2015;36(Suppl):16-20.

17. Clauser SB, Arora NK, Bellizzi KM, Haffer SC, Topor M, Hays RD. Disparities
in HRQOL of cancer survivors and non-cancer managed care enrollees.
Health Care Financ Rev. 2008;29(4):23-40.


https://doi.org/10.3390/healthcare9020185
https://doi.org/10.5888/pcd13.160174
https://doi.org/10.1186/1471-2318-10-6
https://doi.org/10.1186/s12877-021-02362-z
https://doi.org/10.1016/j.archger.2021.104537

Hays et al. BMC Geriatrics (2024) 24:648

20.

21.

22.

23.

24.

25.

Rincon MA, Smith AW, Yu M, Kent EE. Trends in racial/ethnic disparity

of health-related quality of life in older adults with and without cancer
(1998-2012). Cancer Epidemiol Biomarkers Prev. 2020;29(6):1188-95.
Chen L. Testing the mean of skewed distributions. J Am Stat Assoc.
1995,90(430):567-76.

Hays RD, Reeve BB, Smith AW, Clauser SB. Associations of cancer and
other chronic medical conditions with SF-6D preference-based scores in
medicare beneficiaries. Qual Life Res. 2014;23:385-91.

Teresi JA, Ocepek-Welikson K, Ramirez M, Kleinman M, Wang C, Weiss
DJ, Cheville A. Examination of the measurement equivalence of the
functional assessment in acute care MCAT (FAMCAT) mobility item bank
using differential item functioning analyses. Arch Phys Med Rehabil.

2022;103(5:Suppl):84-107.e38. https://doi.org/10.1016/j.apmr.2021.03.044.

Groves RM, Peytchva E. The impact of nonresponse rates on nonresponse
bias: a meta-analysis. Public Opin Q. 2008;72:167-89.

Elliott MN, Zaslavsky AM, Goldstein E, Lehrman W, Hambarsoomians K,
Beckett MK, et al. Effects of survey mode, patient mix, and nonresponse
on CAHPS hospital survey scores. Health Serv Res. 2009;4:501-18.
Merchant RA, Chan YH, Ling N, Denishkrshna A, Lim Z, Waters D. Associa-
tion of physical function and body composition with falls in pre-frail
older adult with poor physical performance: a cross-sectional study. Arch
Gerontol Geriatr. 2023;109:104957. https://doi.org/10.1016/j.archger.
2023.104957.

Beard JR, Officer AM, Cassels AK. The world report on ageing and health.
Gerontologist. 2016;56(Suppl 2):5163-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7


https://doi.org/10.1016/j.apmr.2021.03.044
https://doi.org/10.1016/j.archger.2023.104957
https://doi.org/10.1016/j.archger.2023.104957

	Factors associated with self-reports of limitations in activities of daily living among Medicare Fee-for-Service recipients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Analysis plan

	Results
	Discussion
	Acknowledgements
	References


