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Abstract

Objective

The aim of this study was to explore the validity of self-rated health across different popula-
tions of older adults, when compared to the Short Physical Performance Battery.

Design

Cross-sectional analysis of the International Mobility in Aging Study.

Setting

Five locations: Saint-Hyacinthe and Kingston (Canada), Tirana (Albania), Manizales
(Colombia), and Natal (Brazil).

Participants
Older adults between 65 and 74 years old (n = 1,995).

Methods

The Short Physical Performance Battery (SPPB) was used to measure physical perfor-
mance. Self-rated health was assessed with one single five-point question. Linear trends
between SPPB scores and self-rated health were tested separately for men and women at
each of the five international study sites. Poor physical performance (independent variable)
(SPPB less than 8) was used in logistic regression models of self-rated health (dependent
variable), adjusting for potential covariates. All analyses were stratified by gender and site
of origin.
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Results

A significant linear association was found between the mean scores of the Short Physical
Performance Battery and ordinal categories of self-rated health across research sites and
gender groups. After extensive control for objective physical and mental health indicators
and socio-demographic variables, these graded associations became non-significant in
some research sites.

Conclusion

These findings further confirm the validity of SRH as a measure of overall health status in
older adults.

Introduction

Physicians usually initiate consultations with open-ended questions such as, “How are you?”
or, “How are you feeling?” These questions address patients’ perception of their overall health
status, a concept also known as self-rated health (SRH). However, the validity of SRH has been
a matter of debate in epidemiological and clinical research [1], due to its uncertain biological
significance [2]. Some aspects of SRH remain open to debate, notably the biological signifi-
cance of rating oneself with poor or very poor health. A number of questions arise nowadays
regarding this issue, such as: In terms of biological correlates, what is the significance of
answers to global questions about health status, such as ‘How would you rate your health’?
How could these global health assessments be used in daily clinical work? How are these sub-
jective judgments influenced by personal bias as opposed to objective health criteria?

SRH has become a well-established predictor of mortality and other adverse outcomes [3-
9]. The predictive value of SRH appears to be independent of other well-known factors associ-
ated with mortality, such as cardiovascular disease and smoking, among others. In spite of its
widespread use in different health surveys, there is a lack of information concerning the consis-
tency of perceptions about SRH across populations in different cultural and socioeconomic
contexts [10-13].

Physical performance tests also have good predictive value in terms of mortality, disability,
and rate of hospitalization, and appear to be consistent across populations, due to their objec-
tivity and the possibility of reliable third-party measurement [14]. These tests include a variety
of measures, including grip strength, gait speed, endurance, balance, and others. In particular,
the Short Physical Performance Battery (SPPB) consists in a set of three tests that assess gait
speed, balance, and strength. It accurately predicts adverse outcomes such as mobility disability
[15, 16], ADL disability, hospitalization, nursing home admission, frailty, and mortality [17-
20]. In addition, the validity of the SPPB has been confirmed in studies conducted in Brazil and
Colombia [21-23]. Among the SPPB tests, gait speed is the most widely used and studied for
older adults, and has a clear association with mortality and other adverse outcomes [24, 25].
Moreover, SRH and gait speed seem to have an additive prognostic significance, as shown by
Cesari et al. who found that Mexican-American older adults with both low SRH and low gait
speed had the strongest association with mortality [26].

Since both SRH and SPPB have a graded prediction of mortality (the higher the score, the
lower the probability of dying), we would expect physical performance to be associated with
SRH. In fact, slow gait speed and difficulty in walking were associated with poor SRH in cross-
sectional analyses of the Women's Health and Aging Study, conducted on a sample of
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mobility-disabled women in the United States [27]. However, to our knowledge no study has
shown the association between SRH and the SPPB in diverse populations of older men and
women. Such a study could demonstrate the validity of SRH as a measure of global health status
that aligns with objective indicators of physical function among older adults in different cultural
settings. In addition, it could provide evidence of the significance of SRH in clinical settings.

Therefore, the aim of this study is to explore the validity of SRH across different populations
of older men and women, by comparing it to the SPPB.

Materials and Methods

Settings and Design

The International Mobility in Aging Study (IMIAS) is a multi-national cohort study, whose
main purpose is to examine the dynamics of mobility disability among older adults across dif-
ferent settings. Current participating sites are: Natal (Brazil), Manizales (Colombia), Tirana
(Albania), Saint-Hyacinthe (Quebec, Canada), and Kingston (Ontario, Canada). The full
description of this study is available elsewhere [19]. Briefly, older adults between 65 and 74
years old and without severe cognitive decline were included.

Severe cognitive decline was defined as four or more errors in the orientation scale of the
Leganes Cognitive Test (LCT) [28]-fewer than 5 people were excluded for this reason at each
site. In Tirana, Manizales, and Natal, recruitment began in 2012 using random selection from
the lists of patients registered at neighbourhood health centres (200 women and 200 men
between 65 to 74 years of age). In Natal and Tirana, more than 90% of people in that age group
are registered in the national healthcare systems, which provide universal coverage. In Maniza-
les, around 70% of people in that age group are registered in the public healthcare system. In
the Canadian sites, the local ethics committees did not allow the research team to contact
potential participants directly. Instead, in Kingston and Saint-Hyacinthe a letter from primary
care physicians invited potential participants wishing to participate in the study to contact our
field coordinator. Response rates were higher than 90% in Manizales and Natal. At the Cana-
dian sites, 95% of the subjects who called our field coordinator participated in the study. Once
recruitment was complete, a trained team carried out face-to-face interviews with participants
using the same tools that had been previously adapted and validated at each site.

Measurements

Outcome. The SPPB is composed of three timed components to assess balance, gait speed,
and lower limb force [29]. Each component is scored from 0 to 4 points, with subjects not able
to perform a test scored at zero, and four representing the best category of performance. The
final score is the sum of the three tests, ranging from a minimum of zero points to a maximum
of 12; a cut-off point of less than 8 points was used to identify those with poor physical function
[21,22].

Predictor. SRH was collected using a five-category single question: “How would you say is
your health: very good, good, fair, poor, or very poor?” For the bivariate analyses, we combined
the ‘poor’ and ‘very poor’ categories due to low frequency of very poor health, particularly in
the two Canadian cities. For the multivariate analyses we further collapsed the ‘very good’ and
‘good’ categories due to the low frequency of the ‘very good’ category in Tirana and Natal.
Thus, SRH was recoded into three categories for multivariate analyses: ‘good/very good’, “fair’,
and ‘poor/very poor’ (see below), with ‘fair’ as the reference category.

Confounders. According to the relevant literature the following variables were identified
as potential confounders: age, sex, marital status, years in school (<7 years, 7-11 years, and
>12 years in school), number of chronic conditions, depressive symptoms and cognitive status,
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height and weight. These variables, which have previously been associated with SRH [30, 31]
and physical performance, are not likely to be in a causal pathway between physical perfor-
mance and SRH [32, 33]. Marital status was categorized as single (never married), married,
widower, or divorced/separated. Older adults were asked if they had ever been diagnosed with
any of these seven chronic conditions: diabetes, cancer, lung disease, heart disease, stroke,
arthropathy, or osteoporosis. A comorbidity index was created measuring the number of these
diseases reported, with a range from 0 to 7.

Cognitive function, depressive symptoms, and body composition were analyzed as continu-
ous variables. Cognitive function was tested using the LCT, a screening test for dementia with
known validity in populations with low education [28]. Depressive symptoms were reported as
the score on the Center for Epidemiologic Studies Depression Scale, a widely used 20-item test
that recognizes a wide array of depressive symptoms in older adults. The lowest score possible
is zero and the highest 60 (highest possible burden of depressive symptomatology) [34].
Finally, body mass index (BMI)-estimated as weight in kilograms divided by squared height in
meters—was also included as a confounding variable.

Statistical analyses

Descriptive statistics stratified by sex and sites were reported. To test significance of the differ-
ences between sites (for outcome, predictor, and confounding variables), one-way analyses of
variance (ANOVA) or Chi Square were used, as appropriate. ANOV A models were used to
test linear trends of SPPB according to three SRH categories by groups of sex and site. The F-
statistic was used to test these trends and generate p-values. Sex- and site-specific logistic
regressions were fitted to examine the associations between low physical performance (SPPB
less than 8) and SRH (using ‘fair’ as reference category). Two models were used, the first
adjusted only for age and the second adjusted for age, years in school, marital status, LCT,
CES-D, BMI, and number of comorbidities. Odds ratios were estimated with 95% confidence
intervals (CI) for all models. The data were analyzed using STATA version 13.1.

Ethical considerations

The IMIAS project received ethics approval from the Research Centre of the University of
Montreal (CR-CHUM), the Albanian Institute of Public Health, and the research ethics boards
of the Federal University of Rio Grande do Norte (Brazil), Queen’s University (Kingston), and
the University of Caldas (Columbia). All study participants provided written informed consent
and were told they could withdraw at any time. In Brazil and Colombia, the consent form was
read to participants who could not read and write, after which oral consent was obtained and
the participants placed a mark on the form to acknowledge agreement. Oral consent was only
used for those who could not read or write; extensive explanation of the protocol was provided
by field researchers; and two witnesses (related to neither the participants nor the researchers)
who were present for the procedure signed a document testifying that thorough informed con-
sent had been given by the participants, that they had understood, and that all questions raised
were fully answered. The participants then made a mark (usually a cross) in the signature space
or, if that was not possible, gave their thumbprint. As stated previously, the procedure was
approved by the appropriate ethics committees of participant sites.

Results

Of a total of 1,995 older adults assessed, 52.1% (n = 1,040) were women (without significant
differences between sites). Mean age was 69.1 (+2.6 standard deviations [SD]) overall and was
significantly higher in non-Canadian sites (p < .001) (see Table 1). Regarding years in school,
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Table 1. General Characteristics of the Sample According to Site and Stratified by Sex.

Age, mean (SD)
Years in school, n
(%)

<7 years

7-11 years

>12 years

Marital status, n (%)
Single

Married

Widow

Divorced

Comorbidity, mean
(SD)

LCT score, mean
(SD)

CESD score, mean
(SD)

Height in meters,
mean (SD)

Weight in kilograms,
mean (SD)

BMI in kilograms per
square meter, mean
(SD)

SPPB, mean (SD)
SPPB <8, n (%)
SRH, n (%)

Very good

Good

Fair

Poor/Very poor

Kingston

Men
(n=186)

69 (2.7)

2(1)
21 (11.2)
163 (87)

6 (3.2)
155 (83)
8 (4.3)
17 (9.1)
1.74 (1.2)

30.4 (2.1)

5.3 (6.1)

1.7 (1)

84.9(14.7)

27.9 (4.7)

10.3 (1.6)
13 (6.9)

74 (39.7)
89 (47.8)
19 (10.2)
4(2.1)

Women
(n=212)

69.1 (2.6)

0(0)
23 (10)
189 (89)

9(4.2)
116 (55)
44 (20)
43 (20)
1.9 (1.3)

30.5 (2.3)

7.6 (8.6)

1.6 (.1)

72.6(16.4)

28 (6.1)

10.1 (2)
18 (8.4)

104 (49)
74 (34.9)
27 (12.7)
7 (3.3)

Saint-Hyacinthe Tirana Manizales Natal
Men Women Men Women Men Women Men Women
(n=191) (n=210) (n=188) (n=206) (n=198) (n=202) (n=192) (n=210)
68.6 (2.7) 68.5 (2.6) 69.6 (3.2) 69.1(3) 69.2 (2.9) 69.3(3) 69.1 (2.7) 69.2 (2.6)
14 (7.3) 14 (6.7) 15 (7.9) 30 (14.5) 138 (70) 157 (77) 135 (70) 178 (84)
59 (30.8) 82 (39) 83 (44.1) 105 (50) 30 (15.1) 37 (18.3) 42 (21.8) 25(11.9)
118 (61) 114 (54) 90 (47.8) 71 (34.4) 30 (15.1) 8(3.9) 15 (7.8) 7 (3.3)
6 (3.1) 16 (7.6) 1(.5) 3(1.4) 20 (10.1) 33 (16) 9 (4.69) 19 (9)
160 (84) 132 (62) 177 (94) 129 (62) 140 (70) 67 (33.1) 167 (87) 105 (50)
8 (4.1) 25 (11.9) 9 (4.7) 70 (33) 14 (7) 81 (40) 6 (3.1) 64 (30.4)
17 (8.9) 37 (17.6) 1(.5) 4(1.9) 24 (12.1) 21 (10.4) 10 (5.2) 22 (10.5)
154 (1.2) 1.91(1.4) 1.96 (1.2) 2.58(1.3) 1.18 (1.1) 1.81(1.3) 152 (1.1) 2.41(1.3)
28.8(1.9) 29.1(2.4) 27.7 (3.3) 26.7 (4.4) 25 (5) 25.5 (4.9) 27.7 (2.6) 27.6(2.7)
11.3(9.8) 124(10.2) 12.5(9.6) 17.7(13.1) 9.5(7.9) 12 (9.4) 7.3 (5.9) 13.5 (9.8)
1.7 (1) 1.5(.1) 1.6 (.1) 1.5(.1) 1.6 (.1) 1.5(.1) 1.6 (.1) 1.5(.1)
82.6(13.9) 68.4 (14.2) 79.3 70.5(12.7) 675 60.4(10.2) 71.7(12) 65.1(13.7)
(11.6) (11.2)
28.5(4.8) 27.6(5.6) 28.2(3.9) 29.7 (4.9) 25.2 (3.6) 26.8(4.2) 26.6 (3.8) 28.6 (5.9)
104 (1.5) 9.9(1.7) 9.7 (2.3) 8.3 (2.9) 9.1 (3.1) 9 (2.7) 9.7 (2.2) 8.4 (2.3)
9 (4.7) 18 (8.5) 23 (12.2) 59 (28.6) 29 (14.6) 37 (18.3) 32 (16.6) 58 (27.6)
70 (36.6) 60 (28.5) 9 (4.7) 4(1.9) 24 (12.1) 27 (13.3) 8 (4.1) 3(1.4)
90 (47.1) 111 (52) 68 (36.1) 56 (27.1) 85 (42.9) 65 (32.1) 60 (31.2) 46 (21.9)
29 (15.1) 34 (52.8) 89 (47.3) 113 (54) 76 (38.3) 97 (48) 103 (53) 118 (56)
2(1.1) 5(2.3) 22 (11.7) 33 (16.1) 13 (6.5) 13 (6.4) 21(10.9) 43 (20.4)

n = number; SD = Standard Deviation; LCT = Leganés Cognitive Test; CES D = Center of Epidemiology Studies Depression Scale
BMI = Body Mass Index; SPPB = Short Physical Performance Battery

doi:10.1371/journal.pone.0153855.1001

65.7% of participants had 7 years or more; in non-Canadian sites, women were less educated
than men. The majority of participants were married (67.5%), and the mean number of chronic
conditions was not significantly different across sites (p = .73) (overall mean 1.8 [£1.32 SD]).
LCT scores were not different between sites, 27.9 (+3.8 SD); and the overall mean for CES D
was 11.02 points (+11.02 SD). The overall mean height of men was 1.67m (£.08 SD), with no
differences between sites; the mean height of women was 1.54m (+.07 SD), with significant dif-
ference between sites (p < .001), the lowest height being observed in women of Natal and
Manizales (1.5m).

There was a significant difference in SPPB score across sites: the overall mean was 9.5 (+2.4
SD), with the lowest score in Manizales (9.04, £2.9 SD), and the highest in Kingston (10.2 £1.8
SD) (p < .0001). With the exception of Kingston and Manizales, there were also significant dif-
ferences in SPPB total scores between men and women at each site.
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Table 2. Mean (SD) of SPPBT According to Self-Rated Health (Four Categories) at Each Site and Stratified by Sex.
Site Kingston Saint-Hyacinthe Tirana Manizales Natal
Sex Men Women Men Women Men Women Men Women Men Women

SRH N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)

Very 74 107 104 108 70 109 60 104 9 111 4 112 24 105 27 92 8 103 3 93
good (1.5) (1.1) (1.1) 1.2) (9) (.9) (1.1) @3.1) (1.9) (1.1)

Good 89 10.2 74 9.7 90 10.5 111 10.1 68 10.6 56 9.5 85 9.1 65 94 60 10.1 46 8.9

(1.6) 2.2) (1.4) (1.4) (1.3) 2.2) (3.5) 2.9) @.1) (2.3)
Fair 19 9.7 27 101 29 92 34 89 89 96 113 8.3 76 9(27) 97 88 103 9.9 118 85
(1.5) (1.8) (1.5) 2.2) (2.5) (2.8) (2.4) @.1) (2.3)
Poor/ 4 7.7 7 57 2 55 5 64 22 74 33 6(1) 13 7(4) 13 75 21 8(7) 43 76
Very (.9) (3.1) (7) (2.6) 2.7) 2.1) (2.3)

poor

SRH = Self-rated Health; N = Number; SD = Standard Deviation; SPPB = Short Physical Performance Battery
T F-test for linear trend used to generate p-value; all p-values < .001

doi:10.1371/journal.pone.0153855.1002

Poor physical performance was defined as a SPPB score below eight. Poor physical perfor-
mance was observed in 14.8% (n = 296) of the full sample, with the highest proportion of older
adults below this threshold in Tirana (30.4%, n = 90) and the lowest in Saint-Hyacinthe (9.1%,
n =27) (p < .0001).

SRH was distributed as follows: 383 (19.2%) participants reported their health as ‘very
good’, 744 (37.2%) as ‘good’, 705 (35.3%) as ‘fair’, and 163 (8.1%) as ‘poor/very poor’, with sig-
nificant differences between all the sites. In Manizales, Natal, and Tirana, poor/very poor per-
ceptions of health were reported by 20% of the population. The site with the highest
proportion of very good/good health was Kingston, and the site with the highest proportion of
poor/very poor health was Manizales. In addition, women reported poor and very poor health
more frequently than men, but only in the non-Canadian sites (p = .33). At the Canadian sites,
there was no significant difference in self-rated health between men and women (p = .24).

A significant inverse gradient in physical performance was observed with respect to catego-
ries of self-rated health in all analyses by sex and city (p < .0001) (Table 2). Among men, a
steep gradient was observed at each site, going from a mean SPPB score of 11.1 (+.9 SD) for
SRH ‘very good’ in Tirana to 10.3 (+1.9) in Natal. The mean SPPB scores of women with ‘very
good’ SRH ranged from 11.2 (+.9 SD) in Tirana to 9.2 (£3.1 SD) in Manizales. The lowest
mean SPPB score for men in the SRH category of ‘poor/very poor’ was 5.5 (+.7 SD) in Saint-
Hyacinthe, while the highest score in the same category was 8 (+2.7 SD) in Natal. For women,
the lowest mean SPPB score for the SRH category of ‘poor/very poor’ was 5.7 (+3.1 SD) in
Kingston, and the highest was 7.6 (+2.3 SD) in Natal.

The results of the multiple logistic regression models are shown in Table 3. Among men,
reporting poor/very poor health was significantly associated with poor SPPB at all sites except
for Manizales, after controlling for age (Model 1). After extensive adjustment for socio-demo-
graphic variables, chronic conditions, body mass index, cognitive function, and depressive
symptoms, these associations were attenuated and lost significance at all sites except at Saint-
Hyacinthe (Model 2).

Among women, large significant associations were observed in Kingston, Tirana, and Natal
between poor/very poor SRH and poor physical performance; these associations were also
strong in Saint-Hyacinthe and Manizales, but did not reach statistical significance. After
adjustment for all covariates, associations became non-significant for women living in
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Table 3. Multiple Logistic Regression Models for SPPB as Dependent Variable (<8 points) and Self-rated Health in Three Categories (Good/Very
Good, Fair [reference], and Poor/Very Poor) as Independent Variable Stratified by Sex.

Site

Kingston

Saint- Hyacinthe

Tirana

Manizales

Natal

SRH

Very good/Good
Fair

Poor/Very Poor
Very good/Good
Fair

Poor/Very Poor
Very good/Good
Fair

Poor/Very Poor
Very good/Good
Fair

Poor/Very Poor
Very good/Good
Fair

Poor/Very Poor

Model 1 OR (95% Cl)

Model 2 OR (95% CI)

Men p-value = Women p-value Men p-value  Women p-value
.6 (.1-3.2) 576 4 (.1-1.8) .298 1.1 (.1-9) .897 5 (.1-2.5) 482
Reference Reference Reference Reference

25.1 (1.5-396) .022 10 (1.5-73) .016 14.3 (.54.07) 118 4 (.4-40) .238
.06 (.1-.3) .001 .1 (.08-.3) <.001 .06 (.01-.6) .018 .2 (.04-.9) .038
Reference Reference Reference Reference

6.3 (4.3-10.1) .001 3.9 (.5-28.5) 175 6.2 (4-9.8) .001 1 (.04-9) .967
.07 (.01-.6) 015 2(.1-.6) .007 1 (.01-1.4) 103 4(1-11) .09
Reference Reference Reference Reference

4.04 (1.4-11.4) .008 3.6 (1.6-8.1) .002 4.2 (.9-20.1) .068 3.3 (1.3-8) .019
7 (.3-1.7) 468 5 (.2-1.3) 194 9 (.3-2.7) 967 1.1 (.4-2) 844
Reference Reference Reference Reference

2.5 (.6-9.6) 179 2.6 (.7-9.4) 124 3.5 (.6-18.7) 143 2 (.5-8.2) .276
.9 (.3-2.2) .855 1.06 (.2—1.4) .267 1.4 (.5-4) 445 1(.3-2.6) .999
Reference Reference Reference Reference

4.7 (1.5-14.05)  .006 3.1 (1.4-6.6) .003 2.9 (.8-10.2) .091 2.6 (1.1-6) .026

OR = Odds Ratio; Cl = Confidence Interval; SRH = Self-rated Health SPPB = Short Physical Performance Battery
Model 1. Adjusted for age.
Model 2. Adjusted for age, years in school, marital status, Leganes Cognitive Test score, CES D, body mass index, and comorbidity

doi:10.1371/journal.pone.0153855.t003

Manizales and the Canadian cities, but they remained strong and significant for women in

Tirana and Natal.

Discussion

These findings further confirm the validity of SRH as a measure of overall health status in
older adults. According to our results, the prevalence of poor physical function increased as
perceptions of health worsened, for both men and women and across all five research sites.
Associations remained when controlling for age, but became attenuated or disappeared after
extensive adjustments for education and objective indicators of physical and mental health.
Even across different cultural backgrounds, when compared with a robust reference standard
such as the SPPB, SRH proved to be an effective and valid global measurement tool for poor
health and physical function.

The fact that associations tended to disappear when adjusting for socioeconomic and objec-
tive physical and mental health indicators further strengthens the validity of the concept, since
these adjustments show that SRH is capturing important aspects of health and socioeconomic
status that explain the pathway from SRH to physical performance. Although adverse condi-
tions can exacerbate the perception of a poor SRH, the association persists when these condi-
tions are not present. However, women living in Natal and Tirana who stated their health was
poor or very poor continued to be more likely to have poor physical function, indicating that
additional aspects influencing SRH have not been taken into account among women of these
two cities. Importantly, it is these same women who had the worst perceptions of health and
the poorest function among all sex and city comparison groups. However, adding more vari-
ables to the models might have resulted in loss of power.
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Thus, when a clinician asks a patient to rate his/her health and the patient indicates it is
‘poor’ or ‘very poor’, the clinician can be fairly certain that the likelihood of poor physical func-
tion is high; that potential adverse outcomes such as mobility disability, hospitalization, and
death are likely outcomes for that particular older adult; and that the meaning of this self-
reported status is fairly consistent across countries. This is very clear, as it was true for all
groups of men and women at each of the five research sites. Admittedly, some of the differences
when rating own health could be solely attributed to country of origin (sociocultural back-
ground) and education, or to rating different constructs of health (e.g., a specific disease versus
overall physical health) [35]. Nevertheless, low SRH should prompt the clinician to search for
chronic conditions that could be affecting the patient’s perception.

Another contribution of this study is its focus on the age span of 65 through 74. This is a
very dynamic period in disability transitions and a key age range for prevention of mobility
loss and disability. Many people in this age group are also going through retirement from the
work force. It is a very opportune time for health behaviour changes that can delay further
physical decline. However, this strength of the study could also represent a limitation, since
some literature suggests that the predictive value of SRH for mortality diminishes as people
become older, and therefore the same might be true of the predictive value of SRH for physical
function [36].

In clinical settings, the ease of obtaining SRH may diminish the need to run unnecessary
tests that could be harmful to older adults, and in particular to those in the frail spectrum of
health. We provide evidence that a single question on health status perception could have enor-
mous implications for the care of older adults. Even where SRH cannot replace other diagnostic
tools, it could help in decision making, especially in lower and middle-income countries, where
resources are scarce [37].

The weakest associations of poor SRH with poor function, found among men and women
in Manizales, could be due to cultural lack of acceptance or to lower recognition of being in
poor health. We have already reported that older adults in Manizales tended to report better
health than older adults of Natal within each level of mobility, as assessed by the videos of the
Mobility Assessment Tool-Short Form [33]. However, even with a lack of recognition of poor
health in Manizales, the reports of poor health had validity in the unadjusted analyses
(Table 2). Social inequality has been shown to impact physical performance, particularly in
early old age, an aspect that also needs to be taken into account when interpreting our results
[27].

This study has limitations: the sample size for each strata by sex and city is one of the most
important-as shown by the large confidence intervals of the associations, particularly in Model
2. We found no substantial differences when we carried out sensitivity analyses using SPPB
cut-off points of less than 9 and less than 10, as appropriate—as was done in the recently pub-
lished Lifestyle Interventions and Independence for Elders LIFE [38] clinical trial. However,
this also points to the need for cut-off points tailored to each population, which has been dem-
onstrated in the case of other physical performance tests [39]. Notwithstanding, with a larger
sample size we would have been able to estimate the associations of poor physical function
across the five levels of SRH precisely, to construct ROC curves at each site, and to validate the
cut-off points for poor physical function for each sex and city group, resulting in a fuller inves-
tigation of the association under study. In addition, SRH and SPPB should be compared with
other tools that assess physical function, are widely accepted, and also have standardized meth-
odology in their application and interpretation (e.g., the World Health Organization’s Interna-
tional Classification of Function). Finally, while one might think that having to collapse the
categories of SRH due to limited sample size might have reduced the accuracy of our construct,
in actuality patients in clinical practice used few categories when answering this type of
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question. Therefore, having three categories in our analyses might in fact better represent the
real clinical situation and the actual answers of older adults. Further research will help confirm
and expand on the results obtained in this manuscript.

Acknowledgments
We thank the IMIAS team for their contributions.

Author Contributions

Conceived and designed the experiments: MVZ MUPZ JG AY SP. Performed the experiments:
MVZ AY SP. Analyzed the data: MUPZ MVZ EB. Contributed reagents/materials/analysis
tools: MVZ MUPZ. Wrote the paper: MUPZ MVZ EB JG AY SP.

References

1.

10.

1.

12

13.

14.

15.

Mossey JM, Shapiro E. Self-rated health: a predictor of mortality among the elderly. Am J Public Health.
1982; 72(8):800-8. PMID: 7091475; PubMed Central PMCID: PMC1650365.

McDowell I. The Theoretical and Technical Foundations of Health Measurement: Psychophysics and
Psychometrics. In: Mcdowell |, editor. Measuring Health: A Guide to Rating Scales and Questionnaires.
Third ed. New York, New York: Oxford University Press; 2006. p. 617-800.

Weinberger M, Darnell JC, Tierney WM, Martz BL, Hiner SL, Barker J, et al. Self-rated health as a pre-
dictor of hospital admission and nursing home placement in elderly public housing tenants. Am J Public
Health. 1986; 76(4):457-9. Epub 1986/04/01. PMID: 3953926; PubMed Central PMCID:
PMC1646513.

Lima-Costa MF, Cesar CC, Chor D, Proietti FA. Self-rated health compared with objectively measured
health status as a tool for mortality risk screening in older adults: 10-year follow-up of the Bambui
Cohort Study of Aging. Am J Epidemiol. 2012; 175(3):228-35. doi: 10.1093/aje/kwr290 PMID:
22193172.

Miller TR, Wolinsky FD. Self-rated health trajectories and mortality among older adults. J Gerontol B
Psychol Sci Soc Sci. 2007; 62(1):S22—7. PMID: 17284562; PubMed Central PMCID: PMC2104470.

Jylha M. What is self-rated health and why does it predict mortality? Towards a unified conceptual
model. Soc Sci Med. 2009; 69(3):307—16. doi: 10.1016/j.socscimed.2009.05.013 PMID: 19520474,

Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-seven community studies. J
Health Soc Behav. 1997; 38(1):21-37. PMID: 9097506.

Benyamini Y, Idler EL. Community studies reporting association between self-rated health and mortal-
ity: additional studies, 1995-1998. Res Aging. 1999; 21:392—-401.

Sanchez-Santos MT, Zunzunegui MV, Otero-Puime A, Canas R, Casado-Collado AJ. Self-rated health
and mortality risk in relation to gender and education: a time-dependent covariate analysis. Eur J Age-
ing. 2011; 8(4):281-9.

Sen A. Health: perception versus observation. Bmj. 2002; 324(7342):860—1. PMID: 11950717; PubMed
Central PMCID: PMC1122815.

Bardage C, Pluijm SM, Pedersen NL. Self-rated health among older adults: a cross-national compari-
son. Eur J Ageing. 2005; 2:149-58.

Burstrom B, Fredlund P. Self rated health: Is it as good a predictor of subsequent mortality among
adults in lower as well as in higher social classes? J Epidemiol Community Health. 2001; 55:836—40.
PMID: 11604441

Borrel C, Espelt A, Rodriguez-Sanz M. Analyzing differences in the magnitude of socioeconomic
inequalities in self-perceived health by countries of different politcal tradition in Europe. Int J Health
Serv. 2009; 39:321—-41. PMID: 19492628

Guralnik JM, Ferrucci L. Assessing the building blocks of function: utilizing measures of functional limi-
tation. American journal of preventive medicine. 2003; 25(3 Suppl 2):112-21. PMID: 14552934.

Cesari M, Kritchevsky SB, Newman AB, Simonsick EM, Harris TB, Penninx BW, et al. Added value of
physical performance measures in predicting adverse health-related events: results from the Health,
Aging And Body Composition Study. J Am Geriatr Soc. 2009; 57(2):251-9. doi: 10.1111/j.1532-5415.
2008.02126.x PMID: 19207142; PubMed Central PMCID: PMC2695653.

PLOS ONE | DOI:10.1371/journal.pone.0153855 April 18,2016 9/11


http://www.ncbi.nlm.nih.gov/pubmed/7091475
http://www.ncbi.nlm.nih.gov/pubmed/3953926
http://dx.doi.org/10.1093/aje/kwr290
http://www.ncbi.nlm.nih.gov/pubmed/22193172
http://www.ncbi.nlm.nih.gov/pubmed/17284562
http://dx.doi.org/10.1016/j.socscimed.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19520474
http://www.ncbi.nlm.nih.gov/pubmed/9097506
http://www.ncbi.nlm.nih.gov/pubmed/11950717
http://www.ncbi.nlm.nih.gov/pubmed/11604441
http://www.ncbi.nlm.nih.gov/pubmed/19492628
http://www.ncbi.nlm.nih.gov/pubmed/14552934
http://dx.doi.org/10.1111/j.1532-5415.2008.02126.x
http://dx.doi.org/10.1111/j.1532-5415.2008.02126.x
http://www.ncbi.nlm.nih.gov/pubmed/19207142

@’PLOS ‘ ONE

Self-Rated Health And Physical Performance

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Guralnik JM, Ferrucci L, Simonsick E, Salive ME, Wallace RB. Lower-Extremity Function in Persons
over the Age of 70 Years as a Predictor of Subsequent Disability. N Engl J Med. 1995; 332(9):556—62.
PMID: 7838189

Vasunilashorn S, Coppin AK, Patel KV, Lauretani F, Ferrucci L, Bandinelli S, et al. Use of the Short
Physical Performance Battery Score to predict loss of ability to walk 400 meters: analysis from the
INCHIANTI study. J Gerontol A Biol Sci Med Sci. 2009; 64(2):223—-9. Epub 2009/02/03. doi: 10.1093/
gerona/gin022 PMID: 19182232; PubMed Central PMCID: PMC2655026.

Mangani |, Cesari M, Russo A, Onder G, Maraldi C, Zamboni V, et al. Physical function, physical activity
and recent falls. Results from the "Invecchiamento e Longevita nel Sirente (iISIRENTE)" Study. Aging
Clin Exp Res. 2008; 20(3):234-41. PMID: 18594191.

Rolland Y, Lauwers-Cances V, Cesari M, Vellas B, Pahor M, Grandjean H. Physical performance mea-
sures as predictors of mortality in a cohort of community-dwelling older French women. Eur J Epide-
miol. 2006; 21(2):113-22. doi: 10.1007/s10654-005-5458-x PMID: 16518679.

Guralnik JM. Assessment of physical performance and disability in older persons. Muscle & nerve Sup-
plement. 1997; 5:5S14—6. PMID: 9331376.

Freire AN, Guerra RO, Alvarado B, Guralnik JM, Zunzunegui MV. Validity and reliability of the short
physical performance battery in two diverse older adult populations in Quebec and Brazil. J Aging
Health. 2012; 24(5):863-78. doi: 10.1177/0898264312438551 PMID: 22422762.

da Camara SM, Alvarado BE, Guralnik JM, Guerra RO, Maciel AC. Using the Short Physical Perfor-
mance Battery to screen for frailty in young-old adults with distinct socioeconomic conditions. Geriatr
Gerontol Int. 2013; 13(2):421-8. doi: 10.1111/j.1447-0594.2012.00920.x PMID: 22882512

Gomez JF, Curcio CL, Alvarado B, Zunzunegui MV, Guralnik J. Validity and reliability of the Short Phys-
ical Performance Battery (SPPB): a pilot study on mobility in the Colombian Andes. Colombia medica.
2013; 44(3):165-71. PMID: 24892614; PubMed Central PMCID: PMC4002038.

Jylha M, Volpato S, Guralnik JM. Self-rated health showed a graded association with frequently used
biomarkers in a large population sample. J Clin Epidemiol. 2006; 59(5):465—71. doi: 10.1016/j.jclinepi.
2005.12.004 PMID: 16632134.

Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait speed and survival in older
adults. Jama. 2011; 305(1):50-8. Epub 2011/01/06. doi: 10.1001/jama.2010.1923 PMID: 21205966;
PubMed Central PMCID: PMC3080184.

Cesari M, Pahor M, Marzetti E, Zamboni V, Colloca G, Tosato M, et al. Self-assessed health status,
walking speed and mortality in older Mexican-Americans. Gerontology. 2009; 55(2):194—201. doi: 10.
1159/000174824 PMID: 19018125; PubMed Central PMCID: PMC2790745.

Jylha M, Guralnik JM, Balfour J, Fried LP. Walking difficulty, walking speed, and age as predictors of
self-rated health: the women's health and aging study. J Gerontol A Biol Sci Med Sci. 2001; 56:M609—
M17. PMID: 11584033

De Yebenes MJ, Otero A, Zunzunegui MV, Rodriguez-Laso A, Sanchez-Sanchez F, Del Ser T. Valida-
tion of a short cognitive tool for the screening of dementia in elderly people with low educational level.
Int J Geriatr Psychiatry. 2003; 18(10):925-36. doi: 10.1002/gps.947 PMID: 14533125.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical per-
formance battery assessing lower extremity function: association with self-reported disability and pre-
diction of mortality and nursing home admission. J Gerontol. 1994; 49(2):M85—94. PMID: 8126356.

Zunzunegui MV, Kone A, Johri M, Beland F, Wolfson C, Bergman H. Social networks and self-rated
health in two French-speaking Canadian community dwelling populations over 65. Soc Sci Med. 2004;
58(10):2069-81. doi: 10.1016/j.socscimed.2003.08.005 PMID: 15020020.

Wang A, Arah OA. Body Mass Index and Poor Self-Rated Health in 49 Low-Income and Middle-Income
Countries, By Sex, 2002—2004. Prev Chronic Dis. 2015; 12:E133. doi: 10.5888/pcd12.150070 PMID:
26292064; PubMed Central PMCID: PMCPMC4556100.

LaCroix AZ, Guralnik JM, Berkman LF, Wallace RB, Satterfield S. Maintaining mobility in late life. II.
Smoking, alcohol consumption, physical activity, and body mass index. Am J Epidemiol. 1993; 137
(8):858—69. PMID: 8484377.

Guralnik JM, LaCroix AZ, Abbott RD, Berkman LF, Satterfield S, Evans DA, et al. Maintaining mobility
in late life. |. Demographic characteristics and chronic conditions. Am J Epidemiol. 1993; 137(8):845—
57. PMID: 8484376.

Radloff LS. The use of the Center for Epidemiologic Studies Depression Scale in adolescents and
young adults. Journal of youth and adolescence. 1991; 20(2):149-66. doi: 10.1007/BF01537606
PMID: 24265004.

Krause NM, Jay GM. What do global self-rated health items measure? Med Care. 1994; 32(9):930—42.
PMID: 8090045.

PLOS ONE | DOI:10.1371/journal.pone.0153855 April 18,2016 10/11


http://www.ncbi.nlm.nih.gov/pubmed/7838189
http://dx.doi.org/10.1093/gerona/gln022
http://dx.doi.org/10.1093/gerona/gln022
http://www.ncbi.nlm.nih.gov/pubmed/19182232
http://www.ncbi.nlm.nih.gov/pubmed/18594191
http://dx.doi.org/10.1007/s10654-005-5458-x
http://www.ncbi.nlm.nih.gov/pubmed/16518679
http://www.ncbi.nlm.nih.gov/pubmed/9331376
http://dx.doi.org/10.1177/0898264312438551
http://www.ncbi.nlm.nih.gov/pubmed/22422762
http://dx.doi.org/10.1111/j.1447-0594.2012.00920.x
http://www.ncbi.nlm.nih.gov/pubmed/22882512
http://www.ncbi.nlm.nih.gov/pubmed/24892614
http://dx.doi.org/10.1016/j.jclinepi.2005.12.004
http://dx.doi.org/10.1016/j.jclinepi.2005.12.004
http://www.ncbi.nlm.nih.gov/pubmed/16632134
http://dx.doi.org/10.1001/jama.2010.1923
http://www.ncbi.nlm.nih.gov/pubmed/21205966
http://dx.doi.org/10.1159/000174824
http://dx.doi.org/10.1159/000174824
http://www.ncbi.nlm.nih.gov/pubmed/19018125
http://www.ncbi.nlm.nih.gov/pubmed/11584033
http://dx.doi.org/10.1002/gps.947
http://www.ncbi.nlm.nih.gov/pubmed/14533125
http://www.ncbi.nlm.nih.gov/pubmed/8126356
http://dx.doi.org/10.1016/j.socscimed.2003.08.005
http://www.ncbi.nlm.nih.gov/pubmed/15020020
http://dx.doi.org/10.5888/pcd12.150070
http://www.ncbi.nlm.nih.gov/pubmed/26292064
http://www.ncbi.nlm.nih.gov/pubmed/8484377
http://www.ncbi.nlm.nih.gov/pubmed/8484376
http://dx.doi.org/10.1007/BF01537606
http://www.ncbi.nlm.nih.gov/pubmed/24265004
http://www.ncbi.nlm.nih.gov/pubmed/8090045

@’PLOS ‘ ONE

Self-Rated Health And Physical Performance

36.

37.

38.

39.

Lyyra TM, Heikkinen E, Lyyra AL, Jylha M. Self-rated health and mortality: Could clinical and perfor-
mance-based measures of health and functioning explain the association? Arch Gerontol Geriatr.
2006; 42:277-88. PMID: 16214245

Babones SJ. The consistency of self-rated health in comparative perspective. Public Health. 2009; 123
(2):199-201. doi: 10.1016/j.puhe.2008.12.016 PMID: 19201431.

Fielding RA, Rejeski WJ, Blair S, Church T, Espeland MA, Gill TM, et al. The Lifestyle Interventions and
Independence for Elders Study: design and methods. J Gerontol A Biol Sci Med Sci. 2011; 66
(11):1226-37. doi: 10.1093/gerona/glr123 PMID: 21825283; PubMed Central PMCID: PMC3193523.

Lourenco RA, Perez-Zepeda M, Gutierrez-Robledo L, Garcia-Garcia F, Rodriguez Manas L. Perfor-
mance of the European Working Group on Sarcopenia in Older People algorithm in screening older
adults for muscle mass assessment. Age Ageing. 2015; 44(2):334-8. doi: 10.1093/ageing/afu192
PMID: WOS:000352159500029.

PLOS ONE | DOI:10.1371/journal.pone.0153855 April 18,2016 11/11


http://www.ncbi.nlm.nih.gov/pubmed/16214245
http://dx.doi.org/10.1016/j.puhe.2008.12.016
http://www.ncbi.nlm.nih.gov/pubmed/19201431
http://dx.doi.org/10.1093/gerona/glr123
http://www.ncbi.nlm.nih.gov/pubmed/21825283
http://dx.doi.org/10.1093/ageing/afu192
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000352159500029

