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Abstract

Background: Physical performance is an important predictor of mortality, but little is known on the comparative prognostic utility of different
objective physical performance tests in community-dwelling older adults. We compared the prognostic usefulness of several objective physical
performance tests on mortality, adjusting our analyses for potential confounders.

Methods: Among 3,099 older community-dwelling participants included in the Progetto Veneto Anziani study, 2,096 were followed for a
mean of 4.4 years. Physical performance tests measured were Short Physical Performance Battery (SPPB), 4-meter gait speed, chair stands time,
leg extension and flexion, handgrip strength, and 6-Minute Walking Test (6MWT), treated as continuous variables and categorized in gender-
specific quartiles. The main outcome was mortality assessed with death certificates.

Results: Participants who died during the follow-up (7 = 327) scored significantly worse in all physical performance tests measured at baseline
than those who survived (7 = 1,769). Using a Harrell’s C-index, the highest C-index was observed for 6MWT in men (C-index = 0.735;
95% confidence interval [CI]: 0.701-0.770, p < .0001) and SPPB in women (C-index = 0.781; 95% CI: 0.740-0.822, p = .0009). However,
in both genders, only SPPB, 4-meter walking speed, and 6MWT are significant predictors of mortality. Analyses using sex-specific quartiles
substantially confirmed these findings.

Conclusions: Slow gait speed, 6MWT, and SPPB are significant predictors for mortality in community-dwelling older men and women.
Physicians should consider using these tests to identify elderly individuals who are at higher risk of death to improve clinical decision making.

Keywords: Mortality—Physical activity—Physical performance

Physical performance is an important determinant of successful everyday living (1). In recent years, it has been shown that poor
ageing, and if affected, can negatively influence the individual’s physical performance can predict future risk of fractures, disabil-
capability, defined as the ability to undertake the physical tasks of ity, and possibly cardiovascular disease (CVD), especially in older
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adults (2,3). However, little is known about the predictive role of
objective physical performance tests on mortality risk in elderly
men and women.

Data from a meta-analysis involving nine large cohort studies
demonstrated that slower gait speed is associated with an increased
risk of future mortality (4). This finding was confirmed in a sub-
sequent study, which found good evidence that reduced handgrip
strength, slow gait speed, and chair stand are predictors of future
mortality (5). Nonetheless, the studies published to date have suf-
fered from several methodological limitations. In particular, small
sample size, inadequate sex representation, short duration of follow-
up, appropriate adjustment for multiple and relevant confounding
factors, and a lack of comparative data considering simultaneous
testing of several objective physical performance measures in men
and women (6-11).

Given all of the aforementioned, we set out to compare the prog-
nostic usefulness of several objective and well-known physical per-
formance tests (SPPB and its items, handgrip strength, lower limb
muscle strength, and 6-Minute Walking Test [6MWT]) on mortality
in a large representative cohort study of community-dwelling older
adults over 4.4 years while adjusting for multiple pertinent con-
founders. We also investigated whether sex-specific differences were
evident on mortality outcomes. We hypothesized that all physical
performance measures would predict mortality.

Methods

Data Source and Subjects

The data included participants from the Progetto Veneto Anziani
(Pro.V.A.), an observational cohort study among Italian adults
aged 65 years and older. The study population initially included
3,099 age- and sex-stratified Caucasian participants (1,854 women
and 1,245 men) randomly selected between 1995 and 1997 using
a multistage stratification method. Sampling procedures and data
collection methods have been extensively described elsewhere
(12). One follow-up was made after 4.4+1.2 years from baseline
evaluation. The ethical committees of Padova University and the
Local Health Units (USSL) n. 15 and n. 18 of the Veneto Region
approved the study protocol, and participants gave their written
informed consent.

Clinical Data

Participants were examined at city hospitals by trained physicians
and nurses. Information was collected during a face-to-face inter-
view. Regular physical activity was defined as >4 hour/week in the
previous month of at least moderate physical activity (eg, brisk
walking, cycling, gardening, dancing, or physical exercising), being
4 hour/week the median value of the PRO.V.A. sample. Monthly
income was categorized as >500 versus <500 €, being 500 € the
median value of the sample as whole. Smoking status was classi-
fied as “current” versus “never”/“previous” (for at least 1 year in
the past). Alcohol drinking was categorized as “yes” versus “no” in
the previous month. Educational level was categorized as >5 ver-
sus <5 years of schooling (which corresponds to the years of pri-
mary education in Italy). Functional status was assessed using the
Katz’s activities of daily living score. Any depressive symptoms were
assessed with the Geriatric Depression Scale (GDS), a 30-item self-
reporting tool for identifying depression that has been validated
for use in the elderly people (13). Cognitive status was evaluated
through 30-items Mini-Mental State Examination (MMSE) score
(14). MMSE was not available for five participants.

Nutritional status was evaluated through body mass index and
the Geriatric Nutrition Risk Index (GNRI), an index combining
albumin levels and actual weight compared with ideal body weight
(Wlo) and calculated as follows: GNRI = [(albumin x 1.489) +
(41.7 x measured weight/Wlo) (15). Data about GNRI/body mass
index was missing in three participants.

The presence of diabetes, CVD, hypertension, orthostatic
hypotension, osteoarthritis, fractures, chronic obstructive pulmo-
nary disease, or cancer was ascertained by board-certified phy-
sicians involved in the study, who examined all of the clinical
information collected for each participant. Additional information
included disease history, symptoms self-reported using standard-
ized questionnaires, medical and hospital records, blood tests, and
a physical examination (12). We considered CVD as the presence
of congestive heart failure, angina requiring a stent or angioplasty
or hospitalization, myocardial infarction, stroke, atrial fibrilla-
tion, or peripheral artery disease. Diabetes was defined as fast-
ing plasma glucose levels >7.0 mmol/L, glycosylated hemoglobin
(HbA1c) 26.5%, the use of glucose-lowering drugs, or a history
of a 2-hour postload glucose 211.1 mmol/L (16). Hypertension
was defined as the presence of measured systolic blood pressure
>140 mmHg, diastolic blood pressure 290 mmHg, or current use
of antihypertensive medications (17). Orthostatic hypotension
was defined as a drop of at least 20 mmHg in systolic or at least
10 mmHg in diastolic blood pressure in one of the two measure-
ments (18). Renal function was evaluated using the Modification
of Diet in Renal Disease (MDRD) study equation that was not
recorded in three participants.

Objective Physical Performance Measures

Physical performance and muscle strength measures were assessed
using standardized objective performance tests that have previ-
ously been used extensively in the literature. Since a significant dif-
ference existed between genders for all the parameters investigated
(p <.001), the quartiles were calculated using gender-specific cutoffs
for each test.

» SPPB (6) scores were derived from three objective physical func-
tion tests. Each test scored from 0 (inability to complete the test)
to 4 (highest level of performance). The scores for all three tests
were pooled to obtain a composite score of 0 to 12, higher scores
reflecting a better physical function. The cutoffs for dividing the
sample into quartiles were 9, 11, and 11 points in men and 8, 9,
and 11 points in women.

V' Tandem test: participants were asked to maintain their bal-
ance in side-by-side, semi-tandem, and full-tandem posi-
tions.

v’ 4-m Walking speed: the best performance achieved in two
walks at participants’ usual pace along a 4-meter corri-
dor was recorded in meters per second. Participants were
allowed to use canes or walkers.

v' Chair stands time: participants were asked to stand up and
sit down five times as quickly as possible, with their hands
folded across their chest. The time taken to complete the
test, in seconds was recorded.

Since the 4-meter walking speed and chair stands time are predictors
of several negative outcomes in older people (19), these parameters
were also considered as separate items in this analysis. The cutoffs
used for the 4-meter walking speed were 0.71, 0.83, and 0.97 m/s
in men and 0.63, 0.74, and 0.85 m/s in women. For the chair stands
time, the corresponding cutoffs were 9.3, 10.9, and 13.3 in men and
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10.2,12.1, and 14.7s in women. Participants failing to complete the
chair stand test or 4-meter walking speed were inserted in the worst
quartile of performance in the analyses.

» Leg extension and flexion: knee extensor (quadriceps) and hip
flexor (iliopsoas) muscle isokinetic strength was ascertained
using a Nicholas Manual dynamometer (BK-7454, Fred Sam-
mons, Inc.). The highest value recorded between the two legs for
quadriceps strength was used in this analysis (20).The cutoffs for
leg extension were 18,25, and 34 kg in men and14, 18, and 24 kg
in women; for leg flexion, they were 19,25, and 31kg in men and
13,17, and 22 kg in women.

» Handgrip strength: this was measured in kilogram using a
JAMAR handheld dynamometer (BK-7498, Fred Sammons,
Inc.). The best result obtained at three attempts with each hand
was used for our analyses. The cutoffs were 29, 34, and 39kg in
men and 18, 22, and 26 kg in women.

» 6MWT: participants were asked to walk at their usual pace for 6
minutes, and the distance they covered was recording in meters
(21). The cutoffs were 320, 381, and 442 meter in men and 263,
326, and 381 meter in women.

Mortality Surveillance

Survival status was determined at the follow-up evaluation through
interviews with the relatives if the participant died. A copy of the
official death certificate was obtained. The main cause of death

reported in the death certificate was also recorded and classified
according to ICD-9 (12).

Statistical Analyses

For the continuous variables, normal distributions were tested
using the Shapiro—Wilk test. Participants’ characteristics were
summarized using means (=standard deviations) for continuous
variables and counts and percentages for categorical variables, by
survival status during follow-up. Age- and gender-adjusted p val-
ues were calculated as follows: the differences between the means
of the covariates were analyzed for continuous variables using a
general linear model; logistic regression was used for categorical
variables.

Factors known to be associated with increased mortality in older
people were considered for inclusion in the analysis. The predictors
included in the final model were all the variables reaching p < .20 in
the univariate analyses assessed with Kaplan—-Meier for categorical
and Cox’s regression analyses for continuous variables, respectively.
Multicollinearity among covariates was estimated with the variance
inflation factor considering a value >2 as exclusion criterion. Due to
high collinearity with GNRI (variance inflation factor = 5.89), body
mass index was excluded. Hazard ratios (HRs) and 95% confidence
intervals (Cls) were used to compare survival rates across quartiles
of physical performance and muscle strength tests, taking those in
the fourth quartile (indicating best scores) for reference. In fully
adjusted model, data were missing for 124 (=5.9% of the baseline
population).

We investigated the ability of the model to predict risk of mortal-
ity using Harrell’s C statistic (22), for which the censoring distribu-
tion is considered when calculating the concordance probability. We
consecutively introduced all the covariates independently associated
with mortality in the Cox’s regression analysis and, through a step-
wise selection, only those with a p-value <.05 were kept. Physical
performance tests were forced in the models independently from
their statistical significance.

Since a significant difference (p < .001) existed for the interaction
between all exposure and outcome parameters, the analyses were
also conducted by gender. In sensitivity analyses, we removed one at
the time the factors significantly associated with mortality that could
explain gender differences in the association between poor physical
performance and survival.

All analyses were performed using the SPSS 21.0 for Windows
(SPSS Inc., Chicago, Illinois), except Harrell’s C-index made with
SAS 9.3. All statistical tests were two tailed, and statistical signifi-
cance was assumed for a p-value <.05.

Results

Study Flow of Participants

At baseline, from 3,099 eligible older adults, 658 and 345 were
excluded due to incomplete physical performance measures and
missing mortality data, respectively, leaving 2,096 within the current
analyses. Compared with participants included in the current study,
those not included were more likely to be men (52.2% vs. 42.0%;
p <.001) and older (80.6 8.0 vs. 75.2+6.1; p < .001).

Included Participants Details
The mean age of the 2,096 community-dwelling participants was
75.2+6.1 years [range: 65-103], of which 58.0% were women.

As shown in Table 1, men had a twofold risk of death during
follow-up compared with women (23.2 vs. 10.4%, p < .0001). Since
the interaction between physical performance items at baseline by
gender and survival status at follow-up was significant for all the
tests included (p < .05), the data are stratified according to gender.

A total of 327 participants (=15% of the baseline population)
died during the follow-up. Independently from gender, those who
died were significantly older than those who survived (p < .0001).
After adjusting for age, participants who died had lower activities
of daily living, MMSE, and GNRI scores (Table 1). Participants who
died also had several more comorbidities including CVD and hyper-
tension and used a higher number of medications than those who
survived (see Table 1). Deceased men had a significant higher pres-
ence of orthostatic hypotension (p = .02), whereas deceased women
had a higher proportion of chronic obstructive pulmonary disease
(p = .04) than those alive at follow-up.

Regarding physical performance, deceased men scored signifi-
cantly worse than those alive in SPPB, gait speed, leg flexion, and
6MWT, whereas women dead at follow-up scored significantly
worse in all the items of SPPB, in handgrip and 6MWT (Table 1).

Which Objective Physical Performance Tests
Predicted Survival at Follow-up?
Supplementary Table 1 reports the findings of the Harrell’s C-index
showing that this parameter, when including only covariates sig-
nificantly associated with mortality, ranges from 0.721 (95% CIL:
0.685-0.756) in men to 0.769 (95% CI: 0.727-0.811) in women,
respectively. When added singular physical performance items, the
highest C-index was observed for 6MWT in men (C-index = 0.735;
95% CI: 0.701-0.770, p < .0001) and SPPB in women
(C-index = 0.781; 95% CI: 0.740-0.822, p = .0009). However, in
both genders, only SPPB, 4-meter walking speed and 6MWT are sig-
nificant predictors of mortality as shown in Supplementary Table 1.
Table 2 reports Cox’s regression analyses in the sample as a whole
and by gender over a mean follow-up of 4.4+ 1.2 years. Taking those
in the fourth quartile (best physical performance as reference) and
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Table 1. Baseline Characteristics of the Study Sample by Survival Status During the Follow-up

Men

‘Women

Participants’ characteristics Deceased (n = 204)

Survived (7 = 674)

Deceased (n = 123) Survived (7 = 1,094)

Age (years) 79.1 (7.4) 73.9 (6.9)*** 79.2 (7.2) 73.5 (6.4)*%*
General and anthropometric characteristics
Alcohol drinking (%) 166 (81.4) (87. 72 (41.5) 444 (40.6)
Current smokers (%) 34 (16.7) 114 (16.9 3(2.4) 56 (5.1)**
Educational level >5 y (%) 35(18.2) ( 8 (7.0) 117 (10.9)
Monthly income 2500 € (%) 101 (50.0) ( 31(25.8) 301 (28.2)
Physical activity 24 hr/wk (%) 67 (32.8) ( 16 (13.0) 222 (20.3)
ADL (score) 5.3(1.2) (. 5.1(1.2) (0.9)%
BMI (kg/m?) 262 (3.7) (3. 27.4 (4.9) (4.7)
GDS (score) 8.5 (4.8) (3. 10.7 (5.5) (5.2)%%
MMSE (score) 23.3(5.1) .6 (3. 21.7 (6.1) (4.0)*
GNRI (score) 105.4 (5.5) 107.3 (5. 104.9 (5.6) (4.9)**
Medical conditions and renal function assessment
Diabetes (%) 34 (16.7) ( 36 (29.3) 158 (14.4)%**
Hypertension (%) 157 (77.3) ( 101 (82.1) 784 (71.1)
Orthostatic hypotension (%) 73 (36.7) 169 (2 40 (32.5) 367 (33.8)
CVD (%) 77 (37.7) 149 (22. 36 (29.3) 115 (10.5)%%*
Osteoarthritis (%) 100 (49.0) 332 (4 94 (76.4) 705 (64.4)
Fractures (%) 14 (6.9) 1(6. 10 (8.1) 93 (8.5)
COPD (%) 46 (22.5) 9 ( 11 (8.9) 50 (4.6)*
Cancer (%) 31(15.2) 0 (5. 9(7.3) 73 (6.7)
eGFR (ml/min) 70.7 (19.1) ( 63.1(18.0) 67.7 (17.6)
Number of medications 3.0 (2.1) 2 (2. 3.7 (2.3) 2.7 (2.0)**
Physical performance tests
SPPB (points) 7 (2.5) (1. 7.3 (2.4) 9.1 (2.1)%#*
4-m Walking speed (m/s) 7(0.2) 9 (0. 0.6 (0.2) 0.8 (0.2)***
Chair stands time (s) 13 3 (5.5) (7. 16.0 (8.7) 13.4 (7.2)*
Leg extension (kg) 23.8 (14.8) ( 17.1 (6.9) 19.7 (10.3)
Leg flexion (kg) 23.0 (13.0) ( 16.5 (6.7) 18.4 (15.4)
Handgrip (kg) 30.7 (8.4) (8. 18.9 (5.5) 22.1 (5.6)**
6MWT (m) 318.6 (99.4) 393 7 (90.7)** 275.8 (88.8) 326.0 (84.3)%**

Notes: Unless otherwise specified, p values were adjusted for age using a general linear model or logistic regression, as appropriate. Numbers are means (and

standard deviations) or numbers (and percentages) as appropriate. ADL = activities of daily living; BMI = body mass index; COPD = chronic obstructive pulmo-

nary disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; GDS = Geriatric Depression Scale; GNRI = Geriatric Nutritional Risk

Index; MMSE = Mini Mental State Examination.
*p<.05.%%p < .01. ***p < .001: between survival and deceased by sex.

after adjusting for baseline potential confounders, participants in the
two lowest quartiles of SPPB (Q1: HR = 2.06; 95% CI: 1.27-3.34,
p=.003; Q2: HR = 1.84; 95% CI: 1.10-3.05, p = .02; Supplementary
Figure 1) carried a significant higher risk of death. Among the items
included in SPPB, only slow walking speed was associated with a
higher rate of death during the follow-up period (Q1: HR = 1.56;
95% CIL: 1.01-2.40, p = .04; Supplementary Figure 2), whereas
among the other tests investigated only those in the lowest quartile of
6MWT reported a significant higher risk of death (Q1: HR = 2.00;
95% CI: 1.27-3.18, p = .003; Supplementary Figure 3).

After stratifying for sex, in men (7 = 879), the lowest quartile
of SPPB, 4-meter walking speed and 6MWT all predicted mortality
in the fully adjusted model, whereas none of the physical measures
predicted mortality in women (7 = 1,217; Table 2). In a sensitivity
analysis, when we removed GNRI from this model, the HR for the
worst quartile of SPPB (HR =2.11,95% CI: 1.11-4.57, p = .02) and
6MWT (Q1: HR = 1.77, 95% CI: 1.08-3.87, p = .03) became sig-
nificant in women as well. In contrast, the removal of other factors
that significantly increased mortality (ie, CVD, diabetes, and current
smoking) did not modify the association between these physical per-
formance tests and mortality (data not shown).

Discussion

Although poor physical performance is a well-recognized predictor
of mortality in the elderly, a paucity of research studies has consid-
ered the comparative prognostic usefulness of multiple physical per-
formance tests. In our study, we compared the prognostic usefulness
of seven objective physical performance tests on mortality, adjusting
for multiple pertinent confounders, to address limitations in previ-
ous studies published on this topic.

At baseline, people that subsequently died scored significantly
worse across all measures. The prognostic usefulness of these tests
was, however, different since only low SPPB scores, slow gait speed,
and 6MWT were significant predictors of mortality in both genders.
In women, the prognostic validity of low SPPB and 6MWT scores
seems to be influenced by the coexistence of poor nutritional sta-
tus evaluated through low GNRI. Interestingly, we found no evi-
dence that muscle strength tests or chair stands significantly predict
mortality.

Among the physical tests significantly associated with mortal-
ity, the prognostic usefulness of SPPB, 4-meter walking speed and
6MWT seems to be similar, independently from gender.
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Data from multiple studies have shown that slow walking gait
speed is associated with a higher risk of CVD (23), disability (24),
repeated hospitalizations (25), and mortality in oncological patients
(26). Our data further support the importance of screening commu-
nity-dwelling older adults for impaired walking gait speed in order
to improve clinical and therapeutic decision making. The SPPB test
was significantly associated with mortality, it is easy to perform with
low time and cost requirements.

A curious finding from our data is that physical performance
measures are strong predictors of mortality in males, but in women,
the prognostic value of poor physical performance is influenced by
their nutritional status when using the categorization in quartiles.
This is an important result suggesting that when dealing with elderly
women, physicians should monitor not only SPPB scores but also
consider the degree of malnutrition. Previous literature has also
found that slower gait speed is associated with a slightly increased
risk of dressing dependence among women, whereas mobility lim-
itations are approximately the same (24). The exact reasons why
malnutrition appears to influence physical performance and the
associated mortality risk in women is unclear but might be mediated
at least in part by the detrimental impact of malnutrition on sarco-
penia in women (27).

In our study, we found that also the 6MWT was associated with
mortality reporting also the highest C-index among the tests inves-
tigated, but this test can be time consuming in practice and requires
space and resources. It has been shown that the 6MWT is associated
with higher mortality in patients with chronic obstructive pulmo-
nary disease or other respiratory diseases (28,29), but to the best of
our knowledge, there is only one study exploring the possible asso-
ciation between low 6MWT and mortality in community-dwelling
older people, finding a no significant association (30). An alternative
could be the 400-meter walk test to address the concerns about time
and space in the clinical setting.

Poor physical performance levels could be associated to a higher
mortality rate through several mechanisms. First, those with poor
physical performance usually have higher presence of comorbidi-
ties leading to an earlier mortality (like diabetes, CVD, cancer, and
chronic obstructive pulmonary disease). However, we attempted
to circumvent this limitation by adjusting for these factors in our
analyses. Second, low physical performance level is associated also
with remarkable endocrine dysfunction, inflammation, and oxida-
tive stress, and all these factors are associated with higher risk of
death (5). Finally, low performance physical activity levels seem to be
associated to a higher risk of several conditions accelerating the tran-
sition to death, including malnutrition, dementia, and CVD (31,32).
Thus, poor physical performance might increase the risk of mortal-
ity indirectly through the development of such severe comorbidities.

Our findings provide important evidence that physicians should
assess physical performance level in older people with objective
measures, and not solely rely on self-reported questionnaires, which
are characterized by inherent bias and inaccuracy largely due to
strong recall bias in older people (33).Consistently, we found no dif-
ference in self-reported physical activity level between participants
that died and survived at the follow-up, whereas participants who
died scored worse across all objective physical performance tests.
Poor physical performance might be a potential endophenotype for
mortality among this population (5). Interestingly, data from a recent
review (34) demonstrated that physical activity plays a key role in
the progression of disability, reinforcing the concept that increasing
physical activity is one of the most effective preventive strategies in
preventing and delaying disability.

This study has a number of limitations and strengths. One
potential limitation is the duration of the follow-up. The systematic
review and meta-analysis of Cooper and colleagues (5) suggested
that for some tests (eg, handgrip strength) it would be better to
have a follow-up of § years in order to observe an increased risk
of mortality. Second, we did not remeasure the changes of physical
performance tests assessed at the baseline, and this could affect
our findings. Third, due to missing data and loss to follow-up, we
encountered a notable dropout among participants. Fourth, the
excluded participants and those who dropped out were signifi-
cantly older males than those included, and this potentially could
introduce a bias as well. Finally, no body composition parameters
were included in our analyses, and this could play an important
role in the association between poor physical performance and
mortality.

In conclusion, data from this large longitudinal study indicate
that poor physical performance, in particular slow gait speed and
SPPB, are risk factors for mortality in older adults. Our data support
the importance of routinely screening community-dwelling older
adults for impaired walking gait speed with simple and cost-effective
tests, such as the SPPB, in order to improve clinical and therapeutic
decision making. More studies are needed to understand the effects
of physical exercise and nutritional interventions that improve phys-
ical performance on mortality risk in community dwelling elderly
men and women.
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