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Abstract
Quality of life (QoL) is a matter of concern in both healthy and diseased individuals. Lifestyle factors such as physical activity and sleep
have a direct impact on QoL. In this context, interactions between activity time expenditure and QoL might be different in comorbid
and non comorbid patients. Besides, the quantification and evaluation of time expenditure is ordinarily measured as the absolute time
devoted to each activity. The objective of this study is the evaluation of the influence and interactions of activity-relative time
expenditure and co-morbidity in Physical QoL.
The study involved 302 consecutive patients, from an Internal Medicine ambulatory evaluation. Validated questionnaires were used

to collect demographic variables and time expenditure variables. QoL was gathered with de survey short form-36questionnaire.
Comorbidity was compiled with de Charlson Comorbidity Index. SPSS v20.0 was used for statistical analysis.
As hypothesized, healthy subjects had higher Physical QoL score than comorbid subjects (P< .05). Physical activity and sleep

relative time expenditure were statistically significant and associated to a better QoL in comorbid patients (P< .05). Interestingly,
sleep was found to have statistically significant interaction with a score of ≥2 in the Charlson Comorbidity Index. Age, gender,
comorbidity, physical activity relative time expenditure, and the interaction between relative time dedicated to sleep and comorbidity
were found statistically significant in a multivariate model on Physical QoL prediction.
Activity-relative time expenditure could be an adequate measure of daily activity pattern in the evaluation of QoL. Relative time

spent in physical activity and sleep might be positively associated to Physical QoL. Sleep and comorbidity could have a statistically
significant interaction in the prediction of Physical QoL.

Abbreviations: ArTE= activity-relative time expenditure, CCI=Charlson comorbidity index, QoL= quality of life, SF-36=medical
outcomes survey short form-36.
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1. Introduction

Quality of life (QoL) has been defined by the World Health
Organization as “the perception of the position in life of
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individuals in the context of the culture and value systems in
which they live and in relation to their goals, expectations,
standards, and concerns’.”[1] This concept of QoL is a concise
resume of multiple interactions, since different studies evidenced
the importance of quantifying health issues such as disease,
lifestyle, sleep, nutrition, and genetics in wellbeing.[2–4]

The assessment of QoL commonly relies on different
questionnaires and surveys, which have been applied to healthy
and diseased populations. Most of them, such as survey short
form-36 (SF-36), European quality of life scale, and World
Health Organization quality of life assessment, provide a
standardized measure from personal information and subjective
queries about life quality through validated questionnaires.[1,5,6]

In this context, SF-36 is considered a valid and reliable test in
both investigation and clinical practice to measure physical and
mental QoL. This kind of survey has been used in research of
multiple pathological conditions such as diabetes, heart disease,
cancer, asthma, renal disease, and multi-morbidity.[7–12]

Indeed, morbidities have an influence in QoL in different
degrees, depending on illness severity, chronicity, and symptoms
clustering.[12–14] However, the assessment of co-morbidity could
be a difficult task because of the heterogeneity of illnesses. In this
context, different scales have been developed in order to predict
survival depending on accumulation of chronic disease. Among
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these, the Charlson comorbidity index (CCI) appears to be an
outstanding tool to evaluate disease burden, with a worldwide
validation and practical application.[15]

Lifestyle is another factor influencing QoL. Since, nutritional
status and dietary intake as well as sleep and physical activity
patterns have shown an impact over mental and physical health
issues involving overall wellbeing status.[16–18] Besides, the
relationship between co-morbidity and lifestyle has been widely
described.[19] Thus, multiple interactions have been proven
between disease and nutrition, sleep or physical activity and
usually tend to be evaluated as single data.[20–22]

This approach may lose the holistic evaluation of activity time
expenditure. As time is limited, different activities interact with each
other. In this context, relative evaluation of time expenditure,
defined as the percentage of time devoted to each activity divided by
the entire declared time, could also be a precisemethodof evaluating
the influence of different activities on well-being. Additionally, this
strategy could provide a real-life based medical advice as well as an
additional adjustment in terms of epidemiological analysis.
Accordingly, the objective of our study is to evaluate the

interaction between the weekly activity pattern measured in
relative time devotion to 5 main activities (Working time, active
leisure time, physical activity, sleep and time of sedentarism), and
co-morbidity in the prediction of PhysicalQoLaccording to SF-36.
2. Patients and methods

The study involved 302 consecutive in coming patients, who
attended to an Internal Medicine ambulatory evaluation in a
Spanish tertiary hospital between October 2018 andMarch 2019
and filled a validated questionnaire including lifestyle varia-
bles[23] and SF-36 v2 form.[6] This survey recorded demographic
data and time devotion to work, active leisure, physical activity,
sleep, and sedentarism as well as diverse clinical information. The
attending physician used the CCI to collect morbidities.[15] The
study was approved by the center bioethics committee (ESCA-
VIDA/04). Of this cohort, 262 individuals (86.72%) fulfilled the
complete questionnaire and their data were analyzed in the study.
Standardized coefficients were used to turn the 8 SF-36

categories into the Physical and the Mental SF-36 summaries.[24]

Total declared activity time was calculated for each patient as the
sum of the time devoted to work, leisure, physical activity, sleep,
and sedentary activities. Subgroups of activity related time
expenditure (ArTE) were obtained dividing time expenditure in
each activity and total declared activity time. Patients were
considered co-morbid when they scored ≥2 in CCI.
Conventional statistical tests, including Chi-square and T-

Student were applied as appropriate. Factorial 2x2 ANOVA
analysis were performed to evaluate interactions between
comorbidity and ArTE. Multivariate regression models were
ran considering Physical QoL as a dependent variable, while
confounding and adjusting variables, such as age or sex, were
also fitted in the model. To avoid co-linearity, age was included
separately in the multivariate models and was not considered as
part of CCI. Results were considered statistically significant with
a P-value< .05. The IBM SPSS statistical package v20.0
(Chicago, 2011) was used to perform the analysis.
3. Results

The study population presented a mean age of 57±17 years.
Female participants accounted the 52% of the sample. Different
2

diseases were found in 89 patients, where, according to the CCI,
were distributed as follows: Acute myocardial infarction (7.28%),
heart failure (3.31%), peripheral artery disease (7.61%), cerebro-
vascular disease (7.94%), low grade dementia (2.58%), chronic
obstructive pulmonary disease (8.94%), connective tissue disease
(9.93%), mild liver disease (5.63%), diabetes mellitus (9.93%),
renal failure (3.97%), localized solid organ tumors (8.28%),
leukemia (0.33%), liver cirrhosis (0.99%), and metastatic cancer
disease (1.32%). CCI mean was 1.04±1.5 comorbidities. Besides,
76 patients were found to have a CCI ≥2 (25.16%). As expected,
after stratifying the sample in2groupsdependingonage (Cutoff 65
years), statistically significant differences were found between
patients in all co-morbiditieswith the exceptionof liver disease and
cancer, in the total comorbidities and in the Charlson comorbidity
index (Table 1).
QoL, as measured by SF-36 provides an 8-category evaluation.

When classifying the sample depending on comorbidity, all
categories, with the exception of mental QoL, emotional role, and
corporal pain were statistically significant and lower in CCI ≥2
patients (Table 2).
ArTE encompassed 5 activities: work, leisure time, physical

activity, sleep, and sedentarism with a mean of 22.78hours,
11.08hours, 4.30hours, 45.49hours, and 37.88hours per week,
respectively. To provide an adjusted evaluation of time
expenditure, these variables were converted to relative values
by estimating the percentage of time devoted to each activity.
These calculations were made by dividing the time spent in an
activity by the sum of the reported time devoted to the 5 activities
accounting ArTE. After comparing patients time expenditure
depending on comorbidity status (CCI <2 vs CCI ≥2), healthier
patients tended to spend more time at work and less time sleeping
or devoted to sedentary activities (P< .05). No statistically
significant differences were found in time devoted to leisure or
physical activity (Table 3).
Then, interactions between time expenditure subgroups and

comorbidity in the prediction of Physical QoLwere evaluated. To
perform these analyses, activity subgroups were categorized by
the median in less and more activity groups. Physical activity was
found to be significantly different in both healthy (Less physical
activity 63.05%±22.46% versus more physical activity 74.43±
16.19; P= .01) and diseased individuals (Less physical activity
45.08±24.77 vs 56.38±22.95 more physical activity; P= .01).
However, no interaction was proven between CCI and physical
activity (P for interaction= .99). Interestingly, relative sleep time
was associated with a worse Physical QoL in healthier individuals
while correlated with a better QoL in co-morbid patients (CCI
<2: Less sleep 71.71±19.14 vs more sleep 66.80±20.53,
P= .01; CCI ≥2: Less sleep 36.15±17.21 vs more sleep 56.67±
24.81, P= .01). Indeed, a statistically significant interaction was
found between comorbidity and sleep (P for interaction= .01).
No other variables appeared to have statistically significant
capacity of prediction of Physical QoL. Results from interactions
of time expenditure subgroups are shown (Fig. 1).
These results allowed to fit a linear regression model of

prediction of Physical QoL based on ArTE and comorbidity. In
this equation, Age (B=�0.3±0.1) and a Charlson comorbidity
index higher than 2 (B=�30.8±7.7) had a negative influence on
Physical QoL. Besides, female sex, physical activity, and
interaction between CCI and sleep time, were positively related
to Physical QoL (B=4.9±2.5, B=40.5±15 and B=67.7±28.7,
respectively). All factors were found to be statistically significant.
R value for the regression was 0.47 while R2 was 0.22 (Table 4).



Table 1

Population characteristics at entry concerning demographic variables and co-morbidity categorized by age.

Variable (n=302) Mean (SD) n (%) Age <65 n=184 Age >65 n=118 P

Age, years 57.66 (17.87) 46.19 (12.42) 75.53 (7.15) .01
Gender, female 161 (51.93%) 103 (55.98%) 54 (45.76%) .08
Co-morbidities
Acute myocardial infarction 22 (7.28%) 1 (0.54%) 21 (17.79%) .01
Heart failure 10 (3.31%) 0 (0%) 10 (8.47%) .01
Peripheral artery disease 23 (7.61%) 9 (4.89%) 14 (11.86%) .03
Cerebrovascular disease 24 (7.94%) 9 (4.89%) 15 (12.71%) .01
Dementia 8 (2.58%) 1 (0.54%) 7 (5.93%) .01
COPD 27 (8.94%) 4 (2.17%) 23 (19.49%) .01
Connective tissue disease 30 (9.93%) 13 (7.06%) 17 (14.41%) .04
Mild liver disease 17 (5.63%) 11 (5.98%) 6 (5,.08%) .74
Diabetes mellitus (no organ damage) 26 (8.61%) 7 (3.80%) 19 (16.10%) .01
Diabetes mellitus (organ failure) 4 (1.32%) 0 (0%) 4 (3.39%) .01
Renal failure 12 (3.97%) 0 (0%) 12 (10.17%) .01
Localized solid organ tumor 25 (8.28%) 11 (5.98%) 14 (11.86%) .07
Leukemia 1 (0.33%) 0 (0%) 1 (0.84%) .21
Liver cirrhosis 3 (0.99%) 1 (0.54%) 2 (1.69%) .32
Metastatic cancer 4 (1.32%) 3 (1.63%) 1 (0.84%) .56

Comorbidity groups
No comorbidities 152 (50.32%) 124 (67.39%) 28 (23.7%) .01
One comorbidity 89 (29.47%) 47 (25.54%) 42 (35.6%)
Comorbid patients 61 (20.21%) 13 (7.07%) 48 (40.7%)
Total co-morbidities 0.82 (1.08) 0.41 (0,65) 1.46 (1.28) .01
Charlson comorbidity index 1.04 (1.50) 0.56 (1.15) 1.80 (1.66) .01
Charlson comorbidity index ≥ 2 76 (25.16) 21 (11.41) 55 (46.51) .01

CCI = Charlson comorbidity index, COPD=chronic obstructive pulmonary disease, SD= standard deviation.

Suarez-Villar et al. Medicine (2020) 99:48 www.md-journal.com
4. Discussion
Achieving a better QoL in healthy subjects and patients should be
a must in modern medicine, but investigations in this subject
needs to be adapted to the heterogeneity of the population, with
comorbidity as a cornerstone in the medical scenario.[25] The
results from the present study reflect that the impact of time
expenditure on QoL is different depending on the morbidity
status. This statement could influence the implementation of
healthy lifestyle patterns bearing in mind the relative activity
expenditure approach. Besides, this current study may reinforce
the value and importance of lifestyle patterns in personalized
health assessment and could, if prospectively confirmed,
determine medical advice in precision medicine.
The recruitment of the population of the study from a medical

visit is another interesting point of our research. Lifestyle
recommendations tend to be based on the analysis of healthy
individuals and released through Public Health channels.[26]

However, the development of QoL assessment in clinical practice
needs to be supported by real life data.[27,28] Besides, general
Table 2

Quality of life characteristics concerning the 8 categories of SF-36 and

Categories Global n=262 CC

General (%) 56.01 (20.04) 5
Physical (%) 79.88 (25.73) 8
Physical role (%) 79.17 (26.01) 8
Mental (%) 70.74 (19.71) 7
Emotional role (%) 86.25 (22.17) 8
Corporal pain (%) 65.88 (25.54) 6

CCI = Charlson comorbidity index.
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health questionnaires tend to be burdensome and difficult to
interpret in the medical setting. The high adherence to the
questionnaire (>85%), the plausibility of our results, and the
conclusions obtained in our population could increase the
interest of our research and launch the progress on individualized
counseling on lifestyle modifications in the outpatient medical
scenario.
The questionnaires applied for QoL and co-morbidities have

both been validated to be used in the Spanish population and well
recognized to be implemented in different diseases.[29,30] The
lifestyle and well being questionnaire was specifically designed to
analyze the impact of nutrition, physical activity, and disease on
global health.[23]

A peer review of the general characteristics of the population,
reveals that the prevalence of disease followed the expected
trends, although in some cases, the results did not achieve
statistical differences which could be attributed to the size of the
sample. Furthermore, the CCI ≥2 as a cut off to define co-morbid
status has previously been used in the scientific literature.[31–33]
boty physical and mental summaries categorized by comorbidity.

I <2 n=204 CCI ≥2 n=58 P

9.28 (18.29) 44,.48 (21.76) .01
5.37 (19.58) 60.60 (34.36) .01
1.95 (24.48) 69.39 (28.98) .01
1.67 (19.11) 67.50 (21.76) .16
6.27 (21.81) 86.21 (23.60) .70
7.30 (25.18) 60.91 (26.40) .16

http://www.md-journal.com


Table 3

Time spent (hours/week and time percentage distribution of time expenditure) on different activities categorized by comorbidity status.

Week time % of total time

Activity Hours/week (SD) % of time (SD) CCI <2 CCI ≥2 P

Working time 22.78 (21.68) 16.46% (15.28%) 19.07% (15.21%) 7.29% (11.58%) .01
Leisure time 11.08 (13.04) 8.59% (9.27%) 8.77% (9.31%) 7.97% (9.20%) .56
Physical activity 4.30 (6.22) 3.75% (5.48%) 3.70% (4.92%) 3.92% (7.16%) .78
Sleep 45.49 (10.25) 41.82% (17.14%) 40.44% (16.76%) 46.67% (17.74%) .01
Sedentarism 37.88 (28.16) 29.37% (17.90%) 28.01% (17.90%) 34.15% (17.21%) .02

CCI=Charlson comorbidity index, SD= standard deviation.
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Besides, the outcomes concerning the analysis of the SF-36
domains confirmed that a higher co-morbidity was associated to
poorer Physical QoL values, while the impact on Mental QoL
was less evident.
A new perspective included in this study was to reflect the time

devoted to different activities as part of an all activity related time
expenditure value. This method (abbreviated as ArTE), consists
in using the percentage of week time devoted to one of the
following activities: Work, leisure, physical activity, sleep, and
sedentarism as predictive variables of Physical QoL. This relative
approach has been widely applied to analyze the different
kilocalorie percentage of the energy contributed by each
macronutrient instead of the absolute grams.[34] The evaluation
of activity patterns instead of time expenditure forms alone could
provide a comprehensive view of individuals time expenditure
and the interrelations between different activities. Furthermore,
this method could reduce confusion factors by including all
activities in the evaluation and may allow a broader
medical counseling in time devotion in order to achieve a better
Physical QoL.
The evaluation of the different activities was interpreted as

follows. On the one hand, plausible results were found when
evaluating physical activity. In fact, the positive association
ArTE: Activity-related time expenditure; CCI: Cha
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between physical activity and Physical QoL are in accordance to
current literature and contribute to the consistency of our
investigation.[35,36] On the other hand, interesting results were
found when evaluating relative sleep time in both healthy and
comorbid individuals. Sleep time is usually related to a better
QoL.[37] In this context, the results of our study could lead to the
wrong conclusion of considering that sleep worsens the Physical
QoL in healthy individuals. The adequate interpretation of our
data would be that healthy individuals might benefit of the
expenditure of time in other neutral or positive activities in terms
of Physical QoL to improve their wellbeing, while diseased
individuals would take advantage of reducing other activities in
order to gain sleep time. The interaction between comorbidity
and relative sleep time could be the cornerstone of a new gain in
precise medical advice. This study could help to define the pivotal
role of sleep depending on comorbidity and adjusted by age, sex,
CCI, and physical activity in the prediction of Physical QoL,
although these results should be confirmed in prospective studies.
The present study has some limitations. Although the sample

size is enough to detect important differences of Physical QoL as
demonstrated by retrospective calculation of sample size, our
cohort is small in comparison to epidemiological cohorts. The
cross-sectional design of this investigation does not permit the
rlson comorbidity index

s

nteraction

2* CCI≥2* CCI<2* CCI≥2* CCI<2 CCI≥2

cal activity Sleep** Sedentarism

ArTE p > 50

ysical QoL when dividing ArTE for each activity by the median.
∗
Statistically

teraction. ArTE=activity-related time expenditure, CCI=Charlson comorbidity



Table 4

Multivariate regression model for physical QoL based on
comorbidity, time expenditure, and interactions.

QoL-physical

Variable B (SE) P

Age (yr) �0.32 (0.08) .01
Gender (female) 5.91 (2.50) .02
CCI ≥2 �20.19 (4.24) .01
% Physical activity 52.97 (22.70) .02
Interaction % sleep and CCI 11.30 (5.80) .05

CCI=Charlson comorbidity index, QoL=quality of life.
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assessment of causality. Nevertheless, the broad validation of the
used scales, together with the plausibility and consistency of the
results might reinforce the value to understand the association
between sleep, Physical QoL, and comorbidity.
In synthesis, the ArTE approach to time expenditure could

simplify the evaluation of daily activity patterns. Beyond, this
method could provide a more accurate intervention on daily
activities of patients by reducing time devotion to negative or
neutral activities in terms of Physical QoL by positive activities in
this context. Besides, the interaction between comorbidity and
sleep may permit to individualize medical counseling according
to disease burden.
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