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Abstract

Background

The ability to perform basic daily activities (“functional status”) is key to older adults’ quality

of life and strongly predicts health outcomes. However, data on functional status are seldom

collected during routine clinical care in a way that makes them available for clinical use and

research.

Objectives

To validate functional status data that Veterans Affairs (VA) medical centers recently started

collecting during routine clinical care, compared to the same data collected in a structured

research setting.

Design

Prospective validation study.

Setting

Seven VA medical centers that collected complete data on 5 activities of daily living (ADLs)

and 8 instrumental activities of daily living (IADLs) from older patients attending primary

care appointments.

Participants

Randomly selected patients aged 75 and older who had new ADL and IADL data collected

during a primary care appointment (N = 252). We oversampled patients with ADL depen-

dence and applied these sampling weights to our analyses.
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Measurements

Telephone-based interviews using a validated measure to assess the same 5 ADLs and 8

IADLs.

Results

Mean age was 83 years, 96% were male, and 75% were white. Of 85 participants whom VA

data identified as dependent in 1 or more ADLs, 74 (87%) reported being dependent by

interview; of 167 whom VA data identified as independent in ADLs, 149 (89%) reported

being independent. The sample-weighted sensitivity of the VA data for identifying ADL

dependence was 45% (95% CI, 29%, 62%) compared to the reference standard, the speci-

ficity was 99% (95% CI, 99%, >99%), and the positive predictive value was 87% (95% CI,

79%, 93%). The weighted kappa statistic was 0.55 (95% CI, 0.41, 0.68) for the agreement

between VA data and research-collected data in identifying ADL dependence.

Conclusion

Overall agreement of VA functional status data with a reference standard was moderate,

with fair sensitivity but high specificity and positive predictive value.

Introduction

The ability to perform basic daily activities such as bathing, dressing, and transferring in and

out of a bed or chair–often referred to as “functional status”–is central to older adults’ quality

of life and health. Loss of independence in these activities is strongly associated with higher

health services use, nursing home placement [1, 2], and death [3]. Assessing functional status

allows clinicians to provide targeted care to improve independence and prevent adverse out-

comes associated with functional decline. Yet despite the key importance of functional status

to the health outcomes of older adults, data on function are seldom systematically collected

during routine clinical care in a way that makes them available for clinical programs and

research [4–6].

Recent developments in the Veterans Affairs (VA) healthcare system provide a potential

breakthrough in this area. Over the past several years, VA medical centers have started as-

sessing functional status during primary care appointments for patients aged 75 and older,

including information on a patient’s ability to perform activities of daily living (ADLs) and

instrumental activities of daily living (IADLs). Data are collected by clinic nurses during

patient triage, prompted by a clinical reminder that nurses clear in patient charts. Nurses cate-

gorize patients as “independent” or “dependent” in each ADL and IADL based on brief assess-

ments. Data are entered in the electronic medical record, making them available for national

level analyses. These data can potentially be merged with information from other VA databases

to inform clinical programs and answer novel questions about the epidemiology, predictors,

and outcomes of disability in the millions of older patients who receive care in the VA.

Despite this tremendous potential, we know of no efforts to assess the accuracy of these

data or their utility for clinical care or research programs. Validating these data is of central

importance, as it is unclear how accurately functional status is being assessed, recorded, and

encoded. We assessed the validity of VA functional status data compared to the same data col-

lected in a structured research setting. We hypothesized that similar to other clinically-
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collected data [7–9], VA functional status data would have moderate sensitivity but higher

specificity for detecting ADL dependence compared to a reference standard.

Methods

Design overview

We conducted a prospective validation study to assess the accuracy of VA functional status

data compared to a reference standard of research-collected data. The institutional review

boards of the San Francisco VA Medical Center and the University of California, San Fran-

cisco approved the study (approval number 13–11627). Participants provided verbal informed

consent to participate in the study. We obtained verbal rather than written consent because

participants were interviewed by telephone. Per VA policy, we documented participant con-

sent by maintaining a secure master list of all participants from whom consent was obtained.

VA functional status assessment

In 2009, the VA Office of Geriatrics and Extended Care began asking medical centers and clin-

ics to assess functional status annually during primary care appointments for patients aged 75

and older. Measurement of functional status was encouraged but not required, and centers

could use a standardized and published functional assessment instrument of their choosing.

Centers were asked to collect data via a “clinical reminder” mechanism, in which clinic nurses

receive an electronic prompt during patient triage to collect functional status data. These data

are entered in a checkbox-formatted template and encoded in data fields which are available in

a national VA database, the Corporate Data Warehouse.

We identified 7 medical centers that collected complete data on 5 ADLs and 8 IADLs using

the same standard instrument (see S1 Appendix and S1 Fig). The medical centers were located

in the western U.S. (Honolulu, HI, San Francisco, CA, Martinez, CA, and Loma Linda, CA), in

the Midwest (Minneapolis, MN, and Omaha, NE), and in the Southeast (Lexington, KY).

Each medical center used the Katz Index of Independence in ADL [10] and the Lawton

IADL Scale [11] to assess functional status. The ADLs included bathing, dressing, transferring,

toileting, and eating; IADLs included using the telephone, shopping, preparing food, house-

keeping, doing laundry, using transportation, managing medications, and managing finances.

At each center, nurses were instructed to categorize patients’ ability to perform each activity

(e.g., “no assistance needed”/”receives assistance”) based on their observations and informa-

tion from patients and caregivers; patients were defined as independent if they were able to

perform the activity without help, and dependent if they required help from another person to

perform the activity (see Table 1 for comparison of characteristics of the VA functional status

assessment versus reference standard).

Prospective validation study

Sample. Using daily data pulls (Monday through Friday), we prospectively identified

patients who were aged 75 years and older and had new ADL and IADL data collected on the

previous business day at one of the 7 medical centers. Preliminary analyses showed that indi-

viduals with ADL dependence made up only approximately 10% of this source population.

Therefore, to increase the precision of our validation analyses without requiring a very large

sample, we oversampled individuals dependent in 1 or more ADLs. To do so, we first stratified

the sample by ability to perform ADLs (ADL dependent versus ADL independent). We then

used two independent random processes to select ADL dependent and ADL independent

patients to recruit for the validation study, oversampling patients with ADL dependence to
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make up approximately 50% of the sample. Among 1738 patients who were dependent in

ADLs per VA data, we randomly selected 633 to contact for telephone interviews; among

14866 patients who were independent in ADLs, we randomly selected 579 to contact.

We then sent mailings to these patients’ home addresses including a letter explaining the

study with a toll-free “opt-out” telephone number and study consent form. Individuals without

a telephone number and address listed in VA databases were excluded. If patients did not opt-

out within one week of the date the letter was sent, we called patients to assess their eligibility.

Study staff conducted telephone interviews from November 4, 2014 through December 17,

2015, Monday through Friday. We excluded individuals who were unable to communicate in

English; unable to communicate over the telephone due to severe hearing impairment or apha-

sia; identified by a caregiver as having cognitive impairment precluding a telephone interview;

unable to participate due to illness; or whose telephone was disconnected or out of order. We

conducted interviews within 4 weeks of the date when the VA functional status data were col-

lected, as previous research shows that functional assessments completed up to 4 weeks apart

are reliable [12]. Individuals whom we were unable to contact within 4 weeks were excluded.

After determining eligibility, study staff used a teach-back method to obtain informed consent

and excluded individuals who failed this assessment [13]. Individuals who completed the inter-

view received a $10 check.

Measures. Interviews assessed demographic characteristics including race/ethnicity and

educational attainment. We extracted other measures from VA databases, including chronic

medical conditions (based on ICD-9 codes from discharge diagnoses for hospitalizations and

encounter diagnoses for outpatient visits in the 2 years before study enrollment) [14, 15] and

VA health services use during the prior year (emergency department visits and hospitaliza-

tions). Chronic medical conditions included coronary heart disease, cerebrovascular accident,

diabetes mellitus, chronic obstructive pulmonary disease and/or asthma, arthritis, and cancer.

We used a measure validated for telephone administration to collect self-reported ability to

perform the same ADLs and IADLs included in the VA assessment [16]. This measure has

been extensively validated and is used in the Health and Retirement Study, a nationally-repre-

sentative longitudinal panel study of 20,000 older Americans, including veterans. As this mea-

sure only includes assessments of 5 Lawton IADLs (using the telephone, shopping, preparing

food, managing medications, and managing finances), we adapted it to evaluate the remaining

3 IADLs (housekeeping, doing laundry, and using transportation). Participants reported if

they currently had difficulty performing each activity, and individuals who reported difficulty

Table 1. Comparison of VA functional status assessment to reference standard assessment.

VA functional status assessment Reference standard assessment

Collection

protocol

Collected by nurses during patient triage for primary care

appointments

Collected by trained research assistants

Mode of

collection

In person Telephone

Assessment

instrument

Katz Index of Independence in Activities of Daily Living

and Lawton Instrumental Activities of Daily Living Scale

Health and Retirement Study activities of daily living and instrumental

activities of daily living assessment instruments, with activities based on

the original Katz/Lawton measures

Assessment

method

Based on observations and information from patients

and caregivers; no standardized questions

Based on participant’s responses to standardized questions

Assessment

categories

Need for help with each ADL and IADL (yes/no) 1. Difficulty performing each activity (yes/no)

2. Among those who reported difficulty performing each activity, need for

help performing each activity (yes/no)

ADL, activity of daily living; IADL, instrumental activity of daily living.

https://doi.org/10.1371/journal.pone.0178726.t001
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performing an activity were asked if they required help from another person to perform that

activity. As in the VA measures, individuals who required help from another person to com-

plete an activity were defined as “dependent” in that activity, and those able to perform an

activity without help were defined as “independent.”

Participants also reported whether their ability to perform each ADL and IADL had

changed during the time since their functional status assessment at the VA.

Statistical analysis

We used descriptive statistics to examine participant characteristics. To evaluate the agreement

between VA and research-collected data, we used two complementary analytic strategies. First,

we considered the research-collected data a reference standard and compared the sensitivity

and specificity of the VA data to this standard. We did stratified analyses to determine if the

sensitivity and specificity of the VA data differed depending on the time elapsed between the

VA and reference standard assessments of functional status (<2 weeks versus 2–4 weeks).

Research-collected data on functional status are not universally considered a gold standard,

as reporting of functional status may vary depending on differences in question wording, set-

ting, and other factors, and there is no single “correct” way to measure self-reported function

[17]. For this reason, we also used kappa statistics to evaluate the agreement between the VA

and research-collected data. Kappa statistics measure the agreement between separate ratings

of the same construct beyond the agreement that would be expected by chance, without desig-

nating one construct as the correct value.

We weighted all analyses to account for oversampling of individuals with ADL dependence.

We determined the sampling weight by comparing the prevalence of VA-identified ADL

dependence in our sample to that of the overall population of patients at included medical cen-

ters who had functional status data collected during the study period.

We conducted analyses using SAS 9.4 (SAS Institute, Inc., Cary, NC), Stata 12 (Stata Corp.,

Chicago, IL), and R 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Sample and participant characteristics

Among all patients at the 7 VA medical centers who had functional status data collected over

the study period (N = 16604), the prevalence of dependence in 1 or more ADLs was 10.5%. Of

the 1212 patients who were sampled from this larger population and contacted, four hundred

thirty-five declined participation before eligibility was assessed, for an overall refusal rate of

36%. Of the remainder, 525 were ineligible, mainly due to cognitive impairment (N = 172) or

hearing loss (N = 134), and 252 were enrolled, for an overall response rate of 22% (252 enrolled

out of 1212 sampled; Fig 1). The eligibility rate was higher among those who were independent

in ADLs per VA data than in those who were dependent in ADLs (61% versus 17%, P < .001).

Individuals who declined to participate were similar to enrolled participants by sex (98% ver-

sus 96% male, P = 0.10) and prevalence of having one or more chronic medical conditions

(77% versus 82%, P = 0.09), but were older (mean age 84 years vs. 83 years, P = 0.02).

The mean age of enrolled participants was 83 years, 96% were male, 75% were white, and

97% had completed high school (Table 2). Compared to participants who were independent in

ADLs, those who were dependent were older, had a higher prevalence of several chronic medi-

cal conditions including coronary heart disease, cerebrovascular accident, chronic obstructive

pulmonary disease and/or asthma, and arthritis, and had a higher prevalence of health services

use in the past year, including emergency department visits and hospitalizations.

Validation of VA functional status data
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Agreement of VA functional status data and research-collected data

Based on our sampling strategy, 85 of 252 participants had VA data indicating dependency in

1 or more ADLs. The most common ADL dependency identified in VA data was in bathing

(N = 70; 28% in unweighted analyses), followed by dressing (N = 57; 23%), transferring

(N = 40; 16%), toileting (N = 30; 12%), and eating (N = 10; 4%). For the research-collected

data, the most common ADL dependency was in dressing (N = 71; 28%, in unweighted analy-

ses), followed by bathing (N = 56; 22%), transferring (N = 49; 19%), eating (N = 35; 14%), and

toileting (N = 28; 11%). Of 85 participants whom VA data identified as dependent in 1 or

more ADLs, 74 (87%) reported being dependent by interview; of 167 participants whom VA

data identified as independent in ADLs, 149 (88%) reported being independent (Table 3).

Compared with the reference standard of research-collected data, the weighted sensitivity of

the VA data for identifying dependence in 1 or more ADLs was 45% (95% CI, 29%, 62%) and

the weighted specificity was 99% (95% CI, 99%, >99%) (Table 4). The weighted positive

Fig 1. Flow-chart of recruitment of 252 older adults, stratified by ADL dependence. The figure shows the number of individuals

with and without ADL dependence who were contacted, assessed for eligibility, and enrolled in the study. Values represent the

number of individuals in each group. ADL dependence defined as needing help to perform 1 or more activities of daily living, as

documented in VA data.

https://doi.org/10.1371/journal.pone.0178726.g001
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predictive value was 87% (95% CI, 79%, 93%) and the weighted negative predictive value was

91% (95% CI, 82%, 96%). The weighted sensitivity for each individual ADL ranged from 6%

(95% CI, 2%, 17%) for eating to 70% (95% CI, 54%, 83%) for bathing; the weighted specificity

Table 2. Baseline characteristics of participants.

Characteristics All participants

(n = 252) n(%)

ADL dependenta

(n = 85) n(%)

ADL independent

(n = 167) n(%)

Sociodemographics

Age, mean years (SD) 83 (5) 84 (5) 82 (5)

Male 243 (96) 78 (92) 165 (99)

Race/ethnicity

Black non-Latino 13 (5) 6 (7) 7 (4)

White non-Latino 190 (75) 67 (79) 123 (74)

Latino 7 (3) 1 (1) 6 (4)

Asian/Pacific Islander 17 (7) 2 (2) 15 (9)

Other or multiracial 25 (10) 9 (11) 16 (9)

Less than high school education 7 (3) 5 (6) 2 (1)

Married/partnered 159 (63) 48 (56) 111 (66)

Location of VA medical centers

Honolulu, HI 42 (17) 8 (10) 34 (20)

Lexington, KY 36 (14) 11 (13) 25 (15)

Loma Linda, CA 61 (24) 28 (33) 33 (20)

Martinez, CA 45 (18) 23 (27) 22 (13)

Minneapolis, MN 3 (1)b 0 (0) 3 (2)

Omaha, NE 2 (1)b 2 (2) 0 (0)

San Francisco, CA 63 (25) 13 (15) 50 (30)

Health status

Chronic medical conditions

Coronary heart disease 81 (32) 38 (45) 43 (26)

Cerebrovascular accident 35 (14) 20 (24) 15 (9)

Diabetes mellitus 106 (42) 38 (45) 68 (41)

Chronic obstructive pulmonary disease and/or asthma 83 (33) 41 (48) 42 (25)

Arthritis 72 (29) 35 (41) 37 (22)

Cancer excluding prostate cancer 77 (31) 27 (32) 50 (30)

Prostate cancer 36 (14) 11 (13) 25 (15)

Health services use

Emergency department visit in past year 46 (18) 25 (29) 21 (13)

Hospitalization in past year 25 (10) 14 (16) 11 (7)

Time elapsed between VA functional status assessment and

reference-standard assessment

Less than 2 weeks 44 (18) 11 (13) 33 (20)

2–4 weeks 208 (83) 74 (87) 134 (80)

Change in functional status between VA functional status

assessment and reference-standard assessment

Change reported in ability to perform 1 or more ADLs 22 (9) 15 (18) 7 (4)

Change reported in ability to perform 1 or more IADLs 14 (6) 9 (11) 5 (3)

ADL, activity of daily living; IADL, instrumental activity of daily living.
aADL dependence defined as needing help to perform 1 or more activities of daily living, as documented in VA data
bThe number of participants recruited from these sites was low as these sites stopped collecting functional status data in February 2014.

https://doi.org/10.1371/journal.pone.0178726.t002
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for each ADL exceeded 98%. The weighted kappa statistic was 0.55 (95% CI, 0.41, 0.68) for the

agreement between VA and research-collected data for identifying dependence in 1 or more

ADLs. The weighted kappa statistics for identifying dependence in each individual ADL ran-

ged from 0.09 (95% CI, -0.02, 0.19) for eating to 0.68 (95% CI, 0.54, 0.81) for bathing.

We conducted several sensitivity analyses to better understand the disagreement between

the VA and reference standard measures. Eighteen participants categorized as independent in

all ADLs by VA data reported dependence in 1 or more ADLs by telephone interview. This

included 11 dependent in dressing, 8 in transferring, 5 in eating, 3 in bathing, and 2 in toilet-

ing. The sensitivity of the VA data for detecting ADL dependence did not substantially

improve in analyses excluding the ADLs with the most disagreement between measures

Table 3. Agreement of VA functional status data with the reference standard of research-collected data for assessing dependence in activities of

daily living.

Reference standard

Dependent in 1 or more ADLs Independent in all ADLs Total

VA functional status data Dependent in 1 or more ADLsa 74 11 85

Independent in all ADLs 18 149 167

Total 92 160 252

ADL, activity of daily living.
aDependence in ADLs defined as requiring help from another person to perform 1 or more ADLs. Cell numbers indicate number of patients in each category.

https://doi.org/10.1371/journal.pone.0178726.t003

Table 4. Sample-weighted test characteristics of VA functional status data compared with the reference standard of research-collected data.

Sensitivity (95%

CI)

Specificity (95%

CI)

Positive PV (95%

CI)

Negative PV (95%

CI)

Positive LR (95%

CI)

Negative LR (95%

CI)

Dependence in 1 or more

ADLsa
45 (29,62) 99 (99,>99) 87 (79,93) 91 (82,96) 37 (11,63) 0.6 (0.4,0.7)

Dependence in bathing 70 (54,83) 98 (98,>98) 69 (65,73) 98 (96,99) 33 (27,40) 0.3 (0.1,0.5)

Dependence in dressing 45 (27,64) 99 (98,>99) 84 (71,92) 94 (85,98) 45 (2,89) 0.6 (0.4,0.8)

Dependence in

transferring

33 (16,56) 99 (98,99) 65 (55,74) 95 (88,98) 22 (12,33) 0.7 (0.5,0.9)

Dependence in toileting 43 (24,64) 99 (97,>99) 58 (23,87) 98 (94,99) 33 (9,57) 0.6 (0.4,0.8)

Dependence in eating 6 (2,17) 99 (99,>99) 40 (13,75) 94 (89,97) 11 (-6,27) 0.9 (0.9,1.0)

Dependence in 2 or more

ADLsa
59 (44,73) 98 (96,98) 72 (60,81) 96 (90,98) 23 (15,32) 0.4 (0.3,0.6)

Dependence in 3 or more

ADLsa
92 (48,99) 96 (96,97) 56 (48,63) 99 (96,>99) 25 (20,29) 0.1 (-0.1,0.3)

Dependence in 1 or more

IADLsa
76 (35,95) 35 (5,85) 42 (27,58) 70 (70,71) 1 (1,2) 0.7 (0.5,0.9)

Using the telephone 2 (0,17) 99 (98,>99) 49 (2,98) 94 (91,96) 14 (-34,61) 1.0 (0.9,1.0)

Shopping 92 (85,96) 65 (45,81) 95 (91,98) 51 (41,62) 8 (2,14) 0.4 (0.2,0.6)

Preparing food 58 (19,89) 57 (26,84) 95 (79,99) 9 (2,30) 1 (-1,4) 0.7 (-0.4,1.8)

Housekeeping 98 (93,99) 25 (20,32) 78 (68,86) 79 (62,90) 10 (0,20) 0.8 (0.7,0.8)

Doing laundry 90 (82,94) 70 (41,89) 98 (93,99) 35 (22,50) 7 (4,10) 0.3 (0.1,0.6)

Using transportation 60 (13,94) 54 (37,71) 86 (71,94) 23 (8,48) 1 (0,3) 0.8 (0.2,1.3)

Managing medications 40 (8,83) 64 (42,81) 97 (88,99) 3 (1,10) 1 (0,2.0) 0.9 (-0.4,2.2)

Managing finances 62 (13,94) 62 (43,78) 95 (86,98) 13 (5,28) 2 (0,4) 0.6 (0.3,0.9)

ADL, activity of daily living; IADL, instrumental activity of daily living; PV, predictive value; LR, likelihood ratio.
aDependence in each individual ADL defined as requiring help from another person to perform 1 or more ADLs; dependence in IADLs defined similarly

https://doi.org/10.1371/journal.pone.0178726.t004
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(dressing, transferring, and eating). To explore the convergent validity of the VA data, we

stratified by age group, expecting to find higher rates of ADL dependence with advancing age.

We found that the prevalence of ADL dependence increased with increasing age (75–79 years,

6.4%; 80–84 years, 8.7%; 85–89 years, 12.0%;�90 years, 19.4%).

Test characteristics of IADLs differed from those of ADLs, with generally higher sensi-

tivities and lower specificities (Tables 4 and 5). The weighted sensitivity of the VA data for

identifying dependence in 1 or more IADLs was 76% (95% CI, 35%, 95%) and the weighted

specificity was 35% (95% CI, 5%, 85%). The weighted kappa statistic was 0.09 (95% CI, -0.02,

0.21) for the agreement between VA data and research-collected data for identifying depen-

dence in 1 or more IADLs.

In analyses stratified by the time elapsed between the VA and reference standard assess-

ments (<2 weeks versus 2–4 weeks), test characteristics did not differ significantly across

strata. The time elapsed was <2 weeks in 44 of 252 participants and 2–4 weeks in the remain-

ing 208 (Table 2). The prevalence of ADL dependence based on VA data was similar in the 2

groups (25% versus 36%), as were the weighted sensitivity and specificity (Tables 6 and 7).

After excluding 22 participants who reported a change in ADL status between the VA and

reference standard assessments, results were similar (weighted sensitivity for detecting ADL

dependence compared to the reference standard, 46% (95% CI, 25%, 68%); weighted specific-

ity, 99% (95% CI, 98%, >99%)).

Discussion

In this study, VA functional status data collected during routine clinical care showed overall

moderate agreement with a reference standard of research-collected data. The sensitivity of

VA data for detecting ADL dependence was fair, but the specificity and positive predictive

value were high. For dependence in IADLs, sensitivity was higher but at a cost to specificity.

These findings suggest that VA functional status data may be useful for clinical programs and

research, and provide a model for other health systems seeking to collect and use functional

status data to improve care for older adults.

The test characteristics of VA functional status data suggest they have the potential to

inform care at both the patient and population level. At the patient level, the high specificity,

positive predictive value, and negative predictive value of the ADL data suggest that they could

flag high-risk patients for potential interventions, while at the population level, these data may

be useful in characterizing high risk populations or determining prognosis. The fair sensitivity

of these data, however, points to the need to be aware that the VA assessment is likely to

underestimate functional dependence. Therefore, functional dependence may be present in

patients without a positive screen.

Previous studies show that even with the use of validated measures, ascertainment of func-

tional status varies depending on small differences in how it is assessed [17, 18], and the per-

formance of such measures in routine clinical care can be affected by factors including

workload, workflow, and training [19, 20]. These factors may help explain the fair sensitivity

that we observed. In the current study, the prevalence of ADL dependence identified by VA

data was lower than expected, with 10.5% of patients aged 75 and older classified as ADL

dependent, compared to about 15% in previous studies of community-dwelling adults [18].

The use of the original Katz and Lawton instruments, which lack standardized wording, may

partly explain the lower detection of ADL dependence [10, 11]. Similarly, our use of questions

from the Health and Retirement Study (HRS) as the reference standard likely affected concor-

dance with the Katz and Lawton measures used by VA. In the reference standard assessment,

the prevalence of eating dependence was relatively high compared to previous studies, and the
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prevalence of dressing dependence slightly exceeded the prevalence of bathing dependence.

These findings are generally consistent with studies using HRS data [21], but differ from other

research showing a higher prevalence of dependence in bathing than in dressing among com-

munity-dwelling adults [22, 23]. The sensitivity of the VA measure did not improve substan-

tially after excluding dependence in dressing or eating, however, suggesting that measurement

differences did not fully account for the fair sensitivity. Finally, the relatively lower prevalence

of ADL dependence in the VA may be due in part to the small number of women in the VA

population. Previous studies show that the prevalence of functional impairment is higher in

women than in men, possibly because women have a higher burden of disabling conditions

[24, 25].

Excluding individuals with dementia and aphasia may have also decreased the sensitivity of

the VA measure. In a busy clinic setting, patients with dementia or aphasia may be more easily

identified as ADL dependent than individuals without similar impairments. Excluding these

groups may have enriched the sample with patients in whom additional questioning would be

necessary to identify functional dependence.

While the limitations of functional status measurement are important to acknowledge, it is

also important to remember that these measures have value even in the face of these limita-

tions. Across a variety of studies and measurement tools, self-reported functional status is

strongly predictive of adverse outcomes [1–3], and studies show that these measures are reli-

able and have strong predictive validity [26, 27]. Also, the sensitivity and specificity of the VA

functional status data are generally similar to those of other widely-used measures from

Table 5. Agreement of VA functional status data with the reference standard of research-collected data for assessing dependence in instrumental

activities of daily living.

Reference standard

Dependent in 1 or more IADLs Independent in all IADLs Total

VA functional status data Dependent in 1 or more IADLsa 108 79 187

Independent in all IADLs 20 45 65

Total 128 124 252

IADL, instrumental activity of daily living.
aDependence in IADLs defined as requiring help from another person to perform 1 or more IADLs. Cell numbers indicate number of patients in each

category.

https://doi.org/10.1371/journal.pone.0178726.t005

Table 6. Agreement of VA functional status data with the reference standard of research-collected data for assessing dependence in activities of

daily living, among patients with <2 weeks elapsed between assessments.a

Reference standard

Dependent in 1 or more ADLs Independent in all ADLs Total

VA functional status data Dependent in 1 or more ADLsb 9 2 11

Independent in all ADLs 4 29 33

Total 13 31 44

ADL, activity of daily living.
aAmong patients with <2 weeks between assessments, weighted sensitivity for detecting ADL dependence was 31% (95% CI, 15%, 54%) and weighted

specificity was 99% (95% CI, 95%, >99%).
bDependence in ADLs defined as requiring help from another person to perform 1 or more ADLs. Cell numbers indicate the number of patients in each

category.

https://doi.org/10.1371/journal.pone.0178726.t006
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national clinical and claims datasets, such as measures used to identify common chronic ill-

nesses [7–9].

Our findings have implications for clinical programs and research. Despite the central

importance of functional status to health outcomes in older adults, standardized functional

status data are seldom collected as analyzable data fields in administrative or electronic clinical

data [4, 5, 28]. The VA data therefore represent a novel resource to begin improving care for

older veterans. On a patient level, functional status data may be used to identify high-risk

patients who could benefit from targeted interventions to improve functioning. Previously, the

lack of standardized functional status data represented a barrier to wide implementation of

such programs in routine clinical care [5, 28]. Similarly, on a population level, these data could

be used to forecast the need for long-term supports and services across medical centers or

health systems, and to track the functional status of older populations over time. As our popu-

lation ages, such efforts will be increasingly important for health systems seeking to use a “pop-

ulation health” approach to improve health outcomes.

Our findings also have implications in the context of health policy. Over the past several

years, the Centers for Medicare & Medicaid (CMS) have been moving to require functional

status measurement across patient care settings [29]. As health systems prepare to meet these

new requirements, the VA experience provides an important model that shows the promise of

measuring functional status as well as potential pitfalls. Because the VA has a well-established

and sophisticated electronic medical record [30], functional status data collected in routine

clinical care may be extracted nationally and linked with other clinical data sources. With

widespread adoption of electronic medical records over the past decade [31], other health sys-

tems are now poised to do the same. The VA facilitated standardized collection of these data

using a “clinical reminder” mechanism, a model that may prove useful in other care systems.

The findings also highlight ways to improve functional status measurement. To facilitate

consistent and accurate measurement, medical centers may choose instruments with standard-

ized wording and address workflow issues. Potential data encoding issues may also be antici-

pated and addressed; although many VA medical centers were collecting functional status

data, most data were not encoded in a way that could be used to categorize functional status

(see S1 Fig). Consulting proactively with information technologists will ensure that data can be

used for research and clinical programs. Incorporating other stakeholder perspectives is also

key; several VA medical centers which were collecting functional status data ceased to do so, in

part because staff found data collection time-consuming and not clearly useful in informing

care (see S1 Appendix). Proactively assessing stakeholder perspectives before implementing

new measures will help to identify barriers and facilitators to successful implementation [32].

Table 7. Agreement of VA functional status data with the reference standard of research-collected data for assessing dependence in activities of

daily living, among patients with 2–4 weeks elapsed between assessments.a

Reference standard

Dependent in 1 or more ADLs Independent in all ADLs Total

VA functional status data Dependent in 1 or more ADLsb 65 9 74

Independent in all ADLs 14 120 134

Total 79 129 208

ADL, activity of daily living.
aAmong patients with 2–4 weeks between assessments, weighted sensitivity was 49% (95% CI, 31%, 67%) and specificity was 99% (95% CI, 97%, 99%).
bDependence in ADLs defined as requiring help from another person to perform 1 or more ADLs. Cell numbers indicate the number of patients in each

category.

https://doi.org/10.1371/journal.pone.0178726.t007
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The study has several limitations. Because data were collected by telephone, we excluded

persons with dementia, aphasia, and severe hearing loss. Although legally-designated surro-

gates could assess function for these individuals, IRB regulations require that surrogates pro-

vide written consent, which would have introduced a time delay exceeding 4 weeks between

the VA and reference standard assessments. As these groups were excluded, our findings are

not generalizable to older adults with these conditions. Similarly, participants in this study

were primarily male, and therefore our findings may not be generalizable to older female Vet-

erans. Finally, because we validated functional status data collected in the VA, our findings

only apply to individuals cared for in VA settings.

In conclusion, VA functional status data collected during routine clinical care showed fair

sensitivity and high specificity and positive and negative predictive values for identifying func-

tional impairment, compared with a reference standard of research-collected data. These data

are a potentially valuable source of information for VA clinical programs and research. While

being aware of their limitations, VA clinicians and investigators should begin using VA func-

tional status data to improve care for older veterans.
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