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Frailty and Cognitive Function in Incident Hemodialysis
Patients
Mara A. McAdams-DeMarco,*† Jingwen Tan,* Megan L. Salter,*† Alden Gross,* Lucy A. Meoni,‡§ Bernard G. Jaar,*§|
Wen-Hong Linda Kao,*a Rulan S. Parekh,§¶** Dorry L. Segev,*† and Stephen M. Sozio§

Abstract
Background and objectives Patients of all ages undergoing hemodialysis (HD) have a high prevalence of cognitive
impairment and worse cognitive function than healthy controls, and those with dementia are at high risk of
death. Frailty has been associated with poor cognitive function in older adults without kidney disease. We
hypothesized that frailty might also be associated with poor cognitive function in adults of all ages undergoing
HD.
Design, setting, participants, & measurements At HD initiation, 324 adults enrolled (November 2008 to July 2012)
in a longitudinal cohort study (Predictors of Arrhythmic and Cardiovascular Risk in ESRD) were classiﬁed into
three groups (frail, intermediately frail, and nonfrail) based on the Fried frailty phenotype. Global cognitive
function (3MS) and speed/attention (Trail Making Tests A and B [TMTA and TMTB, respectively]) were assessed
at cohort entry and 1-year follow-up. Associations between frailty and cognitive function (at cohort entry and
1-year follow-up) were evaluated in adjusted (for sex, age, race, body mass index, education, depression and
comorbidity at baseline) linear (3MS, TMTA) and Tobit (TMTB) regression models.
Results At cohort entry, the mean age was 54.8 years (SD 13.3), 56.5% were men, and 72.8% were black. The
prevalence of frailty and intermediate frailty were 34.0% and 37.7%, respectively. The mean 3MS was 89.8 (SD
7.6), TMTA was 55.4 (SD 29), and TMTB was 161 (SD 83). Frailty was independently associated with lower
cognitive function at cohort entry for all three measures (3MS: 22.4 points; 95% conﬁdence interval [95% CI],
24.2 to 20.5; P=0.01; TMTA: 12.1 seconds; 95% CI, 4.7 to 19.4; P,0.001; and TMTB: 33.2 seconds; 95% CI, 9.9 to
56.4; P=0.01; all tests for trend, P,0.001) and with worse 3MS at 1-year follow-up (22.8 points; 95% CI, 25.4 to
20.2; P=0.03).
Conclusions In adult incident HD patients, frailty is associated with worse cognitive function, particularly global
cognitive function (3MS).
Clin J Am Soc Nephrol 10: 2181–2189, 2015. doi: 10.2215/CJN.01960215

Introduction
Cognitive impairment is common in adults of all ages
undergoing hemodialysis: 22% have mild cognitive
impairment and 8% have moderate to severe impairment (1). Worse, there is a high burden of unrecognized cognitive impairment in this population, even
among younger adults. Although there is growing
awareness of the burden of cognitive impairment in
patients undergoing hemodialysis, it remains an important issue in this highly vulnerable population.
Adults undergoing hemodialysis who have cognitive
dementia are at a high risk of mortality (2). Better
understanding of cognitive function and correlates
of poor cognitive function in adults of all ages initiating hemodialysis is the ﬁrst step in identifying early
interventions to delay the onset of impairment.
Frailty, a measure of physiologic reserve (or the body’s
ability to respond to external stressors), was initially described and validated by Fried et al. in a geriatric population (3) and is characterized as a unique domain of
www.cjasn.org Vol 10 December, 2015

risk that is related to, yet distinct from, comorbidity and
disability (3,4). In older adults, there is evidence that
frailty and cognitive function interact with age-related
cycles of decline (4). Frailty (3), as deﬁned by Fried et al.,
is emerging as an important risk factor in patients with
ESRD of all ages. Among adults undergoing hemodialysis, this validated measure of frailty is associated with
higher risk of mortality (5), hospitalization (5), and falls
(6). These ﬁndings also suggest that frailty is associated
with poor hemodialysis outcomes regardless of age
(5,6). Poor cognitive function may be one pathway
linking frailty to adverse outcomes on hemodialysis.
Although there is some evidence that frailty is associated with poor cognitive function (3,7–10), cognitive
decline (11,12), and dementia (13,14) in middle-aged
and older adults, the association between frailty and
cognitive function in adults of all ages undergoing
hemodialysis is unclear. We hypothesize that frail
adults initiating hemodialysis are more likely to
have worse cognitive function.
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To better understand the relationship between frailty and
cognitive function, we estimated the association between
these two constructs among 324 adults of all ages initiating
hemodialysis.

alternative to adjusting for education, which is highly associated with socioeconomic status, the Wide Range
Achievement Test (WRAT-4), a test of reading achievement, was administered at cohort entry. The WRAT
provides a measure of premorbid intelligence that is minimally affected by cognitive decline during the life course.

Materials and Methods
Study Design
This study (ancillary to the Predictors of Arrhythmic and
Cardiovascular Risk in ESRD [PACE] trial; R01DK072367)
(15,16) was an in-person assessment of frailty and other
factors in patients who had initiated hemodialysis at 27
free-standing dialysis centers in Baltimore, Maryland,
and six surrounding counties (17). Although all participants were hemodialysis initiates (within 6 months), participants were not necessarily enrolled on their ﬁrst day of
hemodialysis; 95% were enrolled within the ﬁrst month of
dialysis. The parent study was designed to investigate
sudden unexpected cardiac death in an incident dialysis
population. Eligibility criteria included age $18 years at
enrollment and the ability to speak English. Parent study
exclusion criteria included living in a hospice, nursing facility, or prison; having a pacemaker or automatic implantable cardioverter deﬁbrillator; having cancer other than
nonmelanoma skin cancer within the prior year; or being
pregnant or breastfeeding. Those with a diagnosis of dementia, Alzheimer’s disease, or schizophrenia were excluded, as were those who were unable to complete
consent or follow through on a study visit. In addition,
we excluded participants who were illiterate or had a disability that limited their ability to complete the cognitive
function assessments. All participants in the parent study
with a complete measure of frailty (n=62 excluded) and at
least one measure of cognitive function (n=8 excluded)
(both described below) were included in this analysis
and resulted in an analytic sample of 324 participants (enrolled between November 2008 and July 2012). All study
procedures were approved by the Johns Hopkins University Institutional Review Board; all participants provided
informed consent.
Participant Characteristics
Demographics (age, sex, and race) and smoking status
were obtained by participant self-report. Body mass index
(BMI) was calculated from self-reported height and dry
weight. Comorbidities were assessed based on participantreported medical history, which was augmented with data
from US Centers for Medicare and Medicaid Services Form2728 and from chart abstraction. Comorbidities included
cardiovascular disease (coronary artery disease, myocardial infarction, angina), congestive heart failure, rheumatoid arthritis (only by self-report), cancer (only by chart
abstraction), diabetes, hypertension, or chronic obstructive
pulmonary disease. Comorbidity was deﬁned as $4 of
these comorbidities, to be consistent with the hallmark article on frailty (3) and the frailty and ESRD literature (5,6)
as well as by the Charlson Comorbidity Index (modiﬁed
for patients with ESRD). Diagnosed depression and primary cause of ESRD were also ascertained from chart abstraction. Participants self-reported the highest level of
education and were classiﬁed as having a high school degree or a high school equivalent degree or higher. As an

Frailty
At enrollment, frailty was measured as deﬁned and
validated by Fried in older adults (3,18–27) and by our
group in ESRD and kidney transplantation (5,6,28–31).
Frailty was based on ﬁve components: shrinking (selfreport of unintentional weight loss of .10 lb in the past
year based on dry weight), weakness (grip strength below
an established cutoff based on sex and BMI), exhaustion
(self-report), low activity (kilocalories per week below an
established cutoff), and slowed walking speed (walking
time of 15 ft below an established cutoff by sex and height)
(3). The previously published cutpoints for weakness, low
physical activity, and slowed walking speed were used (3).
Each of the ﬁve components was scored as 0 or 1 representing the absence or presence of that component. The
aggregate frailty score was calculated as the sum of the
component scores (range, 0–5); nonfrail was deﬁned as a
score of 0 or 1, intermediate frailty was deﬁned as a score
of 2, and frailty was deﬁned as a score of $3, as we previously published (5).
Cognitive Function
Trained research coordinators measured cognitive function using the Modiﬁed Mini-Mental State (3MS) test and
Trail Making Tests A and B (TMTA and TMTB, respectively) at enrollment and 1 year follow-up on nondialysis
days. Participants were missing 1-year follow-up assessments because they did not attend the 1-year follow-up
visit (n=77), died before the visit (n=32), were no longer
eligible because they were not on hemodialysis (n=36), or
withdrew consent or were withdrawn due to noncompliance (n=5). The 3MS is a measure of global cognitive function (range, 0–100), with higher scores representing better
cognitive function (32). The TMTA and TMTB are time
tests that measure executive function (33). Both of these
tests assess scanning, speed of processing, attention and
concentration, and psychomotor speed, and the TMTB further assesses cognitive shifting and complex sequencing
function. The tests measure the time required to
connect a series of sequentially numbered (TMTA) and
numbered/lettered (TMTB) circles. Scores are based on
the total time of test completion without error. Greater
time needed to complete the tests indicates worse cognitive function; times were capped at 3 minutes for TMTA
and 5 minutes for TMTB (33). Cognitive impairment was
deﬁned as a score ,80 for the 3MS, a time 1.5 SD above
the mean (from this cohort) for the TMTA/TMTB.
Statistical Analyses
Differences in participant characteristics by frailty status
were tested using ANOVA and Fisher’s exact tests where
appropriate.
We tested whether frailty was independently associated
with cognitive function scores at cohort enrollment using
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linear regression for the 3MS and the TMTA. For the TMTB,
we observed a ceiling effect, with 13% of participants
stopped at 5 minutes during the baseline assessment. To
account for this ceiling effect in TMTB, we used Tobit
regression (34), which is an analytic model that assumes a
linear distribution up to a dichotomous threshold (5 minutes
for TMTB). In all models, we included frailty at hemodialysis initiation and adjusted for participant and dialysis factors
(sex, age, race, BMI, education, and comorbidity at baseline)
that were associated with frailty in this cohort or factors that
were associated with frailty from the geriatrics and gerontology literature. For participants with baseline measures of
cognitive function, we used the same models to test whether
frailty at hemodialysis initiation was associated with these
three measures of cognitive function scores ascertained at
1 year. In addition, we used linear regression to test whether
frailty was associated with a change in cognitive function
between initiation and 1-year follow-up, adjusting for participant and dialysis factors as well as baseline cognitive
function scores.
We tested for an interaction of the association between
frailty and cognitive function score at hemodialysis initiation by age, sex, and race using a Wald test. For all analyses, a
P value ,0.05 was considered signiﬁcant. All analyses
were performed using STATA 13.0 software (StataCorp,
College Station, TX).

Results
Study Population
Among 324 adults initiating hemodialysis, the mean age
was 54.8 years (SD 13.3), 56.5% were men, and 72.8% were
self-reported black; 34.0% of participants were frail and
37.7% were intermediately frail at the time of hemodialysis
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initiation (Figure 1). Consistent with previous ﬁndings of
frailty as an independent domain (5,6), few dialysis factors
were statistically signiﬁcantly associated with frailty. The
mean age (frail, 57.0 years; intermediately frail, 54.8 years;
and nonfrail, 52.0 years; P=0.03) and mean dry weight BMI
(frail, 31.5 kg/m2; intermediately frail, 29.7 kg/m2; and
nonfrail, 27.6 kg/m2; P=0.004) were highest in those who
were frail (Table 1). In addition, frail adults initiating hemodialysis were more likely to be obese (frail, 51.8%; intermediately frail, 41.8%; and nonfrail, 23.9%; P,0.001)
and have cerebrovascular disease (frail, 26.4%; intermediately frail, 22.1%; and nonfrail, 12.0%; P=0.03) but not
other comorbidities (Table 1). As expected, frailty was
not associated with the WRAT score, a measure of reading
achievement that reﬂects premorbid intelligence.
Cognitive Function at Hemodialysis Initiation
3MS scores were available for 323 participants at hemodialysis initiation. TMTA and TMTB scores were available
for 320 and 314 participants at hemodialysis initiation,
respectively. The mean score was 89.8 (SD 7.6) for 3MS, 55.4
(SD 29) for TMTA, and 161 (SD 83) for TMTB at hemodialysis initiation and 10.2% had cognitive impairment by
3MS, 7.5% by TMTA, and 15.0% by TMTB scores (Table 2).
Frailty and Cognitive Function at Hemodialysis Initiation
The unadjusted mean scores of the 3MS, TMTA, and
TMTB were worse (lower for 3MS and higher for both Trail
Making Tests) in those who were frail compared with those
who were nonfrail (3MS, P=0.02; TMTA, P=0.002; and
TMTB, P=0.01) (Figure 2, Table 2). When adjusted for potential confounders, frailty was associated with lower 3MS
cognitive function scores at hemodialysis initiation (22.4
points; 95% conﬁdence interval [95% CI], 24.2 to 20.5;

Figure 1. | Distribution of the Fried Frailty Score in adults initiating hemodialysis. The distribution of the Fried Frailty Score is presented as
a histogram of the percentage of participants with a given score. The Fried Frailty Score ranges from 0 to 5, with a higher score representing
worse frailty.
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Table 1. Characteristics of hemodialysis initiates (N=324), by frailty status

Characteristic
Women
Age (yr)
Black race
Dry weight body mass index (kg/m2)
Obese
Current smoker
High school or higher education
Primary cause of ESRD
Diabetes
Hypertension
GN
Other
Comorbidities
Cardiovascular disease
Peripheral vascular disease
Rheumatoid arthritis
History of cancer
Hypertension
Chronic pulmonary disease
Diabetes
Congestive heart failure
Cerebrovascular disease
Comorbiditya
Diagnosed depression
Wide Range Achievement Test score

Nonfrail
(n=92)

Intermediately
Frail (n=122)

Frail
(n=110)

P
Value

45.7
52.0 (11.7)
80.4
27.6 (7.3)
23.9
21.7
63.0

38.5
54.8 (14.1)
68.9
29.7 (8.1)
41.8
24.6
65.6

47.3
57.0 (13.3)
70.9
31.5 (8.9)
51.8
22.7
61.8

0.37
0.03
0.14
0.004
,0.001
0.89
0.85
0.47

28.3
27.2
20.7
23.9

33.6
27.9
13.9
24.6

39.1
27.3
10.0
23.6

40.2
14.1
7.6
7.6
100
27.2
51.1
30.4
12.0
39.1
17.1
52.5 (11)

43.4
20.5
15.6
5.7
100
27.9
53.3
30.3
22.1
40.2
25.2
53.3 (11)

52.7
19.9
15.5
11.8
100
32.7
63.6
31.8
26.4
48.2
24.5
52.0 (12)

0.17
0.49
0.16
0.25
.0.99
0.64
0.14
0.97
0.03
0.35
0.32
0.68

Data are presented as percentages or means (SD).
a
Comorbidity is $4 of the following comorbidities: cardiovascular disease (coronary artery disease, myocardial infarction, angina),
congestive heart failure, arthritis, cancer, diabetes, hypertension, or chronic obstructive pulmonary disease.

P=0.01), with higher TMTA scores (12.1 seconds; 95% CI,
4.7 to 19.4; P,0.001) and higher TMTB scores (33.2 seconds; 95% CI, 9.9 to 56.4; P=0.01) (Table 3). There was a
dose response for each increasing level of frailty (3MS,
P=0.01; TMTA, P=0.001; and TMTB, P=0.01).
There was a higher prevalence of cognitive impairment
by TMTB for frail participants (20.0% versus 8.7%; P=0.03)
(Table 2). There was overlap between comorbidity, cognitive impairment (by 3MS), and frailty (Figure 3): 14.9%
were frail without comorbidity or cognitive impairment,
14.6% were frail with comorbidity but no cognitive impairment, and 2.8% were frail with cognitive impairment but
no comorbidity. Only 1.8% were frail with both cognitive
impairment and comorbidity.
Frailty and Cognitive Function at 1-Year Follow-Up
3MS scores were available for 171 patients at 1-year
follow-up. TMTA and TMTB scores were available for 168
and 161 at 1-year follow-up, respectively. Mortality at 1 year
did not differ by frailty status (nonfrail, 8.7%; intermediately
frail, 10.7%; and frail, 10.0%; P=0.91), nor did dropout
among those remaining alive at 1 year (nonfrail, 41.7%; intermediately frail, 38.5%; and frail, 44.4%; P=0.68). Finally,
among those who survived to 1 year after enrollment, there
were no differences in participants with and without followup measures of cognitive function by their baseline cognitive
function scores (3MS, P=0.61; TMTA, P=0.72; and TMTB,
P=0.46), their baseline frailty status (P=0.67), sex (P=0.57),

or comorbidity status (P=0.97). However, black (P=0.01)
and older participants (P=0.02) were less likely to have a
follow-up measure of cognitive function.
At 1-year follow-up, the mean cognitive function scores
were 88.9 points (SD 7.3) for 3MS, 56.8 seconds (SD 31.7) for
TMTA, and 157 seconds (SD 82) for TMTB, and frail
participants had worse 3MS scores (P=0.04) at 1-year followup (Table 2). In addition, frailty was independently associated with a lower 3MS cognitive function score at 1-year
follow-up (22.8 points; 95% CI, 25.4 to 20.2; P=0.03),
with a signiﬁcant “dose response” by levels of frailty
(P=0.03) (Table 3). There was no statistical association between frailty and either TMTA or TMTB scores at 1-year
follow-up (Table 3).
The prevalence of cognitive impairment at 1-year followup was 9.9% based on 3MS, 10.7% based on TMTA, and
16.8% for TMTB; there was no difference in the prevalence
of cognitive impairment at 1-year follow-up by frailty status
(Table 2). In addition, there was no difference in the change
in 3MS (P=0.80), change in TMTA (P=0.46), or change in
TMTB (P=0.07) in adjusted analyses, regardless of whether
cognitive function at initiation was included in the model.
Effect Heterogeneity
The association of intermediate frailty as well as frailty
and all three cognitive function scores at hemodialysis
initiation did not differ between men and women, older
and younger adults, or black and nonblack participants (all
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Table 2. Distribution of cognitive function scores and cognitive impairment at hemodialysis initiation and 1-year follow-up, by frailty
status at hemodialysis initiation

Frailty Status Measured
at Hemodialysis
Initiation
Initiation
Full cohort
Nonfrail
Intermediately
frail
Frail
1-yr follow-up
Cohort at
follow-up
Nonfrail
Intermediately
frail
Frail

3MS (n=323)

Trail Making Test A (n=320)

Trail Making Test B (n=314)

Mean
(SD)

%
Impairment

Mean
(SD)

%
Impairment

Mean
(SD)

%
Impairment

89.8 (7.6)
91.1 (7.3)
90.0 (7.6)

10.2
6.6
9.8

55.4 (29)
48.5 (27)
54.7 (25)

7.5
4.4
6.7

161 (83)
143 (80)
161 (81)

15.0
8.7
15.4

88.5 (7.6)a

13.6

62.1 (33)a

11.1

176 (84)a

20.0a

88.9 (7.3)

9.9

56.8 (32)

10.7

157 (82)

16.8

90.3 (5.8)
88.9 (8.3)

4.0
11.9

51.1 (32)
57.7 (34)

10.2
12.3

151 (88)
151 (83)

12.7
9.3

87.7 (7.0)a

12.7

60.7 (28)

14.8

169 (76)

17.3

P values test the difference in mean cognitive function score for those who are intermediately frail and frail compared with those who
are nonfrail. 3MS, Modiﬁed Mini-Mental State test.
a
P,0.05.

P.0.05). Similar results were observed for effect modiﬁcation of frailty and 3MS score measured at 1 year (P.0.05).
Sensitivity Analyses
The associations between frailty and cognitive function
scores at hemodialysis initiation were similar when (1) adjusted for WRAT scores (a measure of premorbid reading
achievement) instead of education, (2) adjusted for the
Charlson Comorbidity Index scores (modiﬁed for patients
with ESRD) instead of the previously published measure
of comorbidity, (3) additionally adjusted for diagnosed depression, (4) adjusted for cardiovascular disease in addition to comorbidity, and (5) restricted to those without a
previous history of cerebrovascular disease. Finally, frailty
was associated with all three measures of cognitive function at dialysis initiation when the study population was
limited to those who also had a 1-year measure of cognitive function.

Discussion
In this cohort of adults of all ages initiating hemodialysis,
34% were frail, which is .4 times the prevalence of frailty
in community-dwelling older adults. We found an overlap
between frailty, cognitive impairment, and comorbidity;
frailty appeared to be distinct from yet related to cognitive
impairment and comorbidity. Those who were frail were
more likely to also have worse cognitive function scores at
the time of hemodialysis initiation as measured by the
3MS and TMTA/TMTB and worse global cognitive function (measured by 3MS) at 1 year after initiation. In addition, frail patients initiating hemodialysis were more likely
to have cognitive impairment in cognitive shifting and
complex sequencing. Of note, the prevalence of cognitive
dysfunction is quite small relative to the prevalence of
frailty.

It is well recognized that, as kidney function declines,
there is a decline in cognitive function and an increase in
cognitive impairment (35–37). Although previous studies
of adults with CKD have found that lower kidney function
is associated with worse cognitive function (36,37), we
have identiﬁed a high-risk subgroup of patients with
ESRD: namely, those who are frail who have more profound cognitive loss. Our ﬁndings add some support for
the association between frailty and cognitive function, cognitive decline, and dementia observed in frail middle-aged
and older adults (3,7–14) and extend these ﬁndings to
adults of all ages undergoing hemodialysis. Similar to a
cross-sectional study of older adults, we found that frailty
was associated with multiple domains of cognition, not
just global cognitive function (10). However, global cognitive function at 1 year after hemodialysis initiation may be
worse for frail adults undergoing hemodialysis because it
represents overall function rather than domain-speciﬁc
function, as is measured by TMTA/TMTB. The lack of
association between frailty and TMTA/TMTB at 1 year
of follow-up may also be attributable to a lack of statistical
power.
Cognitive impairment is often unrecognized and underestimated in adults undergoing hemodialysis (38). Although
the causes of poor cognitive function are not fully understood in adults undergoing hemodialysis (38), a recent review of cognitive function and frailty in older adults
presented a hypothetical mechanism model of the association, which includes inﬂammation, cardiovascular disease,
nutrition, and neuropathology (4). ESRD potentially leads
to poor cognitive function through the retention of uremic
toxins, as illustrated by the ﬁndings that restoration of kidney function after kidney transplantation improves cognitive performance (39). In addition, there are many common
risk factors between cognitive impairment and ESRD, including cardiovascular and cerebrovascular disease (40,41).
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Figure 2. | Distribution of baseline cognitive function scores, by frailty status in adults initiating hemodialysis. The distribution of the cognitive function scores at baseline is presented as a boxplot. The median (center bar), 25th percentile (bottom of the box), and 75th percentile
(top of the box) are plotted by frailty status. Outliers (data points that fall outside the lower quartile 21.5 3 IQR, upper quartile 11.5 3 IQR) are
noted as dots. (A) Modified Mini-Mental State (3MS) test. (B) Trail Making Test A (TMTA). (C) Trail Making Test B (TMTB). IQR, interquartile
range.
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Table 3. Frailty Status at Hemodialysis Initiation and Cognitive Function at Hemodialysis Initiation and 1-Year Follow-up

Frailty Status Measured
at Hemodialysis Initiation
Initiation
Patients (n)
Nonfrail
Intermediately frail
Frail
P for trend
1-yr follow-up
Patients (n)
Nonfrail
Intermediately frail
Frail
P for trend

3MS

Trail Making Test A

Trail Making Test B

323
Reference
21.29 (23.05 to 0.48)
22.37 (24.21 to 20.53)a
0.01

320
Reference
6.12 (20.94 to 13.18)
12.08 (4.73 to 19.43)b
0.001

314
Reference
19.87 (22.34 to 42.08)
33.15 (9.88 to 56.42)a
0.01

171
Reference
21.74 (24.16 to 0.69)
22.80 (25.37 to 20.24)a
0.03

168
Reference
6.56 (24.00 to 17.13)
8.48 (22.62 to 19.58)
0.14

161
Reference
1.10 (228.94 to 31.14)
17.42 (214.29 to 49.14)
0.27

Data are presented with 95% conﬁdence intervals and are adjusted for sex, age, race, BMI, education, and comorbidity at baseline. 3MS,
Modiﬁed Mini-Mental State test.
a
P,0.05.
b
P,0.001.

Frailty is an inﬂammatory phenotype (19,22,42) and thus
may worsen cardiovascular disease or the symptoms of uremia in adults with ESRD, leading to lower cognitive function.
Age is the most important risk factor for cognitive impairment. Yet, as was noted in a recent review of the causal link
between frailty and cognitive impairment, age-associated
processes that lead to frailty are also responsible for
cognitive decline (4). It is likely that although cognitive
function is not a component of frailty, they result from a
shared pathway. It is important to understand the link between these two separate yet related concepts so that new
interventions can be identiﬁed.
Strengths of this study were the prospective measurement of a validated, objective frailty instrument, multiple
tests of cognitive function, and a multicenter study. In
addition, we studied adults of all ages, not just older adults
undergoing hemodialysis. Blacks were overrepresented in
this cohort as compared with all US hemodialysis initiates.
However, we did not observe that race modiﬁed the
association of frailty and cognitive function; thus, the
ﬁndings are not likely biased by this over-representation.
The main limitation is that there was limited follow-up at
1 year, which was primarily due to lack of a 1-year followup visit (n=77), death before the visit (n=32), or subsequent
ineligibility for the study because the participant was not
longer on hemodialysis (n=36). However, the association
between frailty and cognitive function at cohort enrollment was similar among those who did and did not attend
the 1-year visit. Baseline scores for the 3MS, TMTA, and
TMTB were not associated with loss to follow-up at the
1-year follow-up. In addition, the loss to follow-up was not
differential based on frailty status, so it is likely that the
association is unbiased because of loss to follow-up. The
main concern is that our ability to test the associations of
frailty and cognitive tests at 1 year may be underpowered.
Finally, we were unable to assess whether inﬂammation
deﬁned by IL-6 level mediated the association between
frailty and cognitive function because levels of this inﬂammatory marker were not available in the PACE study.

On the basis of our ﬁndings, frailty is common at the time
of hemodialysis initiation and is associated with worse
cognitive function scores and impairment in cognitive
shifting and complex sequencing, even after accounting
for three of the most important predictors of cognitive
function: namely, age, race, and education. Frailty at the
time of hemodialysis initiation is also associated with poor
global cognitive function (3MS) after 1 year, suggesting that
intervening on frailty early may affect longer-term global
cognitive function. Interventions to improve cognitive

Figure 3. | Overlap of frailty, comorbidity, and cognitive impairment in adults initiating hemodialysis. The overlap of frailty, comorbidity, and cognitive function is displayed through a Venn
diagram. The percentages represent the proportion of the total population with only cognitive impairment, comorbidity, and frailty as
well as the overlap of these three factors. Frailty is defined as $3
components as defined by Fried. Comorbidity is defined as $4 conditions as specified in the Materials and Methods. Cognitive impairment was defined as a Modified Mini-Mental State (3MS) score ,80.
The total represents 323 study participants on hemodialysis. The size
of each subgroup is indicated in parentheses.
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function in frail adults initiating hemodialysis should be
identiﬁed.
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