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Study Objectives: To characterize elderly persons into sleep/rest groups based on their self-reported habitual total sleeping time (TST) and ha-
bitual time in bed (TIB) and to examine the prospective association between sleep/rest behavior on physical function decline.

Design: Population-based INCHIANTI study with 6 years follow-up (Tuscany, Italy).

Setting: Community.

Participants: Men and women aged 2 65 years (n = 751).

Measurements and Results: At baseline, participants were categorized into 5 sleep/rest behavior groups according to their self-reported TST and
TIB, computed from bedtime and wake-up time. Physical function was assessed at baseline and at 3- and 6-year follow-ups as walking speed, the
Short Physical Performance Battery (SPPB), and self-reported mobility disability (ability to walk 400 m or climb one flight of stairs). Both long (= 9
h) TST and long TIB predicted accelerated decline in objectively measured physical performance and greater incidence in subjectively assessed
mobility disability, but short (< 6 h) TST did not. After combining TST and TIB, long sleepers (TST and TIB =9 h) experienced the greatest decline
in physical performance and had the highest risk for incident mobility disability in comparison to mid-range sleepers with 7-8 h TST and TIB. Subjec-
tive short sleepers reporting short (< 6 h) TST but long (= 9 h) TIB showed a greater decline in SPPB score and had a higher risk of incident mobility
disability than true short sleepers with short (< 6 h) TST and TIB < 8 hours.

Conclusions: Extended time in bed as well as long total sleeping time is associated with greater physical function decline than mid-range or short
sleep. TIB offers important additive information to the self-reported sleep duration when evaluating the consequences of sleep duration on health

and functional status.

Keywords: Aging, disability, epidemiology, follow-up studies, gerontology, physical performance, sleep, sleep duration, time in bed
Citation: Stenholm S; Kronholm K; Bandinelli S; Guralnik JM; Ferrucci. Self-reported sleep duration and time in bed as predictors of physical func-
tion decline: results from the INCHIANTI study. SLEEP 2011;34(11):1583-1593.

INTRODUCTION

Sleep duration is associated with several health and func-
tional consequences, with both short and long sleep duration
increasing the risk for negative outcomes.'** A majority of the
findings are based on subjective sleep duration assessments,
and the interpretation may be confounded by the vagueness
of the psychometric validity of self-reported sleep measures.
Nevertheless, the use of self-reported assessments of sleep is
almost unavoidable in large epidemiological studies due to
practicality and simplicity of this method. One approach to
define more accurately self-reported habitual sleep duration
is to complement the sleep duration question with other ques-
tionnaire-based assessments related to sleep length. The most
obvious one is time in bed (TIB), which in case of discrep-
ancy with self-reported sleep duration, may reflect to some
extent a resting state which is not experienced subjectively
as sleep per se. Thus, self-reported total sleeping time (TST)
and TIB may be considered complementary but partly inde-
pendent measures.
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In the context of self-reported sleep duration and health
risks, little attention has been paid to functional capacity and its
decline in older people, a problem which is increasingly rele-
vant in many aging societies leading to higher need for help and
care. Few previous studies have examined the association be-
tween sleep-related factors and physical function.’” Both short
(26 h) and long (= 9 h) self-reported habitual sleep duration as
well as increased sleep fragmentation are associated with slow-
er walking speed and functional limitation compared to persons
with mid-range sleep duration.® In addition, insomnia-related
symptoms and daytime consequences of poor sleep, such as
weakness and tiredness, are associated with physical perfor-
mance in older men and women.>® Most previous studies are
cross-sectional and cannot truly address the question of wheth-
er sleep-related factors explain physical function decline or vice
versa. However, the findings are consistent with the suggestions
that short self-reported sleep duration tends to cause sleep de-
privation and is associated with adverse health effects.'* On the
other hand, it is well known that in older persons severe illness
may be associated with excess sleepiness,® and thus excessive
sleep can be part of individual’s subjective symptom forma-
tion.” Consequently, self-reported TST and behavioral TIB may
be interpreted as indicators of sleep’s functional integrity which
is part of the broader notion of body integrity (including the
brain). Especially long TST and long TIB irrespective of sleep
time may reflect body’s need to work harder and longer to re-
set a homeostatic and energetic balance.>!? If this hypothesis
is correct, long TST and TIB should be predictive of adverse
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health outcomes, especially in the elderly who may lack effec-
tive compensatory mechanisms when facing disease and stress.

To our knowledge, there have been no prior studies of the
prospective association between self-reported TST and TIB
and physical function decline. The InCHIANTI study provides
a unique opportunity to examine these questions in a large co-
hort of community-dwelling older adults with self-reported in-
formation on TST and TIB as well as 6-year follow-up data on
physical function. The specific aims for this study were to char-
acterize persons into sleep/rest groups based on their self-re-
ported habitual TST and habitual TIB and secondly, to examine
the prospective association of sleep/rest behavior on physical
function decline.

METHODS

Study Design and Participants

InCHIANTI (Invecchiare in Chianti, aging in the Chianti
area) is an epidemiological study of factors contributing to loss
of mobility in late life and was carried out in 2 Italian towns lo-
cated in the Chianti geographic area (Tuscany, Italy). The base-
line data were collected in 1998-2000; the 3-year follow-up
took place in 2001-2003 and the 6-year follow-up in 2004-2006.
The design of the study and data collection methods have been
described earlier in detail.!" The study population consisted of
a random sample of 1,260 persons aged 65 years and older se-
lected from the population registries of 2 municipalities: 1,155
older adults agreed to participate in the study (participation rate
91.7%), and 923 had information regarding sleep duration and
physical performance at baseline. Of these, 172 did not have
either 3- or 6-year follow-up data of physical performance: 153
died, 14 refused or were unable to participate in the study, and
5 moved from the area during the 6-year follow-up. Thus, the
final analytical sample was 751 participants.

Participants received a full description of the study and pro-
vided a written informed consent. The Italian National Institute
of Research and Care on Aging Ethical Committee approved
the study protocol, which complied with the principles stated in
the Declaration of Helsinki.

Sleep/Rest Behavior

Self-reported habitual TST was inquired about with a ques-
tion “During the past month, how many hours of actual sleep
did you get on average at night?” The responses were recorded
in whole numbers. TIB was determined based on the questions:
“During the past month, what time have you usually gone to
bed at night?” and “During the past month, what time have you
usually gotten up in the morning?” The difference was rounded
up in whole numbers. For the purposes of this study, we com-
bined information from the self-reported TST and TIB and cate-
gorized persons into 5 groups (partly) based on previous reports
dividing persons into short sleepers (< 6 h), mid-range sleepers
(7-8 h), and long sleepers (= 9 h).>%!? Since TIB and TST 7-8 h
can be considered normal, i.e., not harmful, TST 7-8 h and TIB
7-8 h was chosen as a reference group. Four other categories
were created in order to tease out different combinations of TST
and TIB. Sleep/rest behavior was categorized as following: (1)
TST 7-8 h and TIB 7-8 h (true mid-range sleepers; reference
group); (2) TST < 6 h and TIB < 8 h (true short sleepers); (3)
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TST < 6 h and TIB > 9 h (subjective short sleepers); (4) TST
7-8 h and TIB > 9 h (subjective mid-range sleepers); and (5)
TST>9 h and TIB > 9 h (long sleepers).

Physical Function Outcomes

Physical function was assessed using performance-based
tests of lower extremity and asking questions about the partici-
pants’ ability to walk 400 m continuously and without develop-
ing symptoms. Similar methods were used at baseline and at the
3-year and 6-year follow-ups.'" To measure walking speed sub-
jects were asked to walk 4 meters at their usual pace as if they
were walking down the street, starting from a standing posi-
tion. Use of a cane or walker was permitted. Walking speed is a
valid and generally used measure of mobility limitation for both
healthy and impaired older persons'® with high predictive valid-
ity for subsequent disability, hospitalization, and mortality.'*'s

A Short Physical Performance Battery (SPPB) based on the
lower-extremity performance tests'® was used to summarize
physical performance. The SPPB consists of walking speed,
ability to stand from a chair, and ability to maintain balance.
Walking speed was determined based on the best performance
(time in seconds) of two 4-meter walks at usual pace along a
corridor. To test the ability to stand from a chair, participants
were asked to stand up and sit down as quickly as possible in
a chair 5 times with their hands folded across their chest; time
(in seconds) to complete the test was recorded. For the standing
balance test, participants were asked to stand in 3 progressively
more difficult positions for 10 sec each: a side-by-side position,
a semi-tandem position, and a full-tandem position. Each phys-
ical performance measure was categorized into a 5-level score,
with 0 representing inability to do the test and 4 representing
the highest level of performance. Both the walking and chair-
rise time tasks were each scored from 1 to 4 based on quartile
cut-points from normative data on community-dwelling older
adults." The 3 measures were then added to create a summary
physical performance measure ranging from 0 (worst) to 12
(best). SPPB has shown to have excellent 1-week test-retest re-
liability (intraclass correlation 0.88-0.92),'7 and predict nursing
home admission, disability, and mortality.'*!*

As a part of the interview, participants were asked whether
they had any difficulties in walking 400 meters or climbing a
flight of stairs with the response options being (1) no difficulty,
(2) with difficulty but without help, (3) with some help from
another person, and (4) unable to perform the activity. Mobil-
ity-related disability was defined as need for help or inability
to walk 400 meters or to climb a flight of stairs."* Self-reported
mobility disability predicts future disability, nursing home ad-
mission, and mortality.'®'® Participants with mobility disability
at baseline (n = 12) were excluded from prospective analyses.

Covariates

Educational level, obesity, physical activity, smoking status,
alcohol consumption, and chronic diseases, as well as inflam-
matory markers were all considered as possible confounders
of the association between sleep/rest behavior and physical
function. Education was recorded in years. Body mass index
(BMI) was calculated as measured weight in kilograms divided
by measured height in meters squared (kg/m?). Waist circum-
ference was measured at the midpoint between the lower rib
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margin and the iliac crest. The level of physical activity in the
12 months prior to the interview was assessed through an inter-
viewer-administered questionnaire' and was coded as seden-
tary (inactivity or light-intensity activity less than 1 h/week),
light physical activity (light-intensity activity 2-4 h/week), and
moderate-high physical activity (light-intensity activity > 5 h/
wk or moderate activity > 1-2 h/week). Smoking history was
determined based on self-reports and participants were catego-
rized into never smokers, former smokers, and current smok-
ers. Daily alcohol (g) intake was estimated by the European
Prospective Investigation Into Cancer and Nutrition Food Fre-
quency Questionnaire (EPIC),? and persons were classified as
> 30 g/day vs. <30 g/day (30 g of alcohol corresponds to about
> 3 drinks/day).

Diseases were ascertained by a trained geriatrician accord-
ing to standard, pre-established criteria and algorithms, based
on those used in the Women’s Health and Aging Study that
combine information from self-reported physician diagnoses,
current pharmacological treatment, medical records, clinical
examinations, and blood tests.”! The following diseases were in-
cluded in the current analyses: coronary heart disease, diabetes,
asthma, chronic bronchitis, and knee osteoarthritis. Depressive
symptoms were evaluated with the Center for Epidemiologic
Studies Depression Scale (CES-D).?2 The CES-D is a 20-item
self-report scale, ranging from 0 to 60. The CES-D has been
shown to have good psychometrics properties in assessing de-
pressive symptoms, in older population-based studies® as well
as in an Italian sample.** A score > 16 was considered to in-
dicate depressive symptoms. The use of sleeping medication
was also inquired with a question “During the past month, how
often have you taken sleeping pills to help you sleep?” Partici-
pants were categorized as never, once or twice a week, and > 3
times a week.

Baseline blood samples were collected in the morning after a
12-h fast and after a 15-min rest. Serum and plasma were stored
in a deep freezer at —80°C and were not thawed until analyzed.
High sensitivity C-reactive protein levels (CRP) were measured
by enzyme-linked immunoabsorbent assay using purified pro-
tein and polyclonal anti-CRP antibodies (Roche Diagnostics,
GmbH, Mannheim, Germany). For high sensitivity CRP, the
minimum detectable concentration (MDC) was 0.03 mg/L and
the inter-assay coefficient of variation (CV) was 5%. Serum
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) con-
centrations were determined by high sensitivity enzyme-linked
immunoabsorbent assays (ELISA), using commercial kits (Hu-
man Ultrasensitive, BioSource International, Camarillo, CA,
USA). For IL-6, the MDC was 0.1 pg/mL and the inter-assay
CV 4.5%. For TNF-a, the MDC was approximately 0.09 pg/mL
and the inter-assay CV 7%. All cytokine assays were done in
duplicate and were repeated if the second measure was > 10%
or < 10% compared to the first. The average of the 2 measures
was used in the analyses.

Statistical Analysis

Study population characteristics according to TST, TIB, and
sleep/rest behavior groups are reported as mean and median
values for continuous variables and proportions for categori-
cal variables. Differences between groups were examined with
x* test for categorical variables, Kruskal-Wallis test for skewed
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continuous variables and ANOVA post hoc test for normally
distributed continuous variables. The association between TST
and TIB was examined with Spearman correlation coefficient.

In this study, TST, TIB, and sleep/rest grouping are consid-
ered as statistical risk factors for physical function decline. The
effect of TST, TIB, and sleep/rest behavior on the magnitude
of physical performance decline over the follow-up time was
calculated with linear mixed effect regression models by us-
ing compound symmetry as covariance structure. The analysis
was completed with the MIXED procedure in SAS. The major
advantage of using mixed models in longitudinal studies is that
the technique takes into account the correlation between serial
measures obtained in the same subjects as well as the missing
observations, thus allowing all available data on each subject to
be used.”? Thus in this study, we were able to utilize walking
speed and SPPB information from baseline, 3-year follow-up,
and 6-year follow-up measurements. The results are present-
ed as beta estimates for each comparable group indicating the
slope (change per year) as well as the baseline values for each
group. TST 7-8 h, TIB 7-8 h, and true mid-range sleepers (TST
7-8 h and TIB 7-8 h) were defined as the reference groups in
the analyses. Models were adjusted for baseline age, sex, ed-
ucation, physical activity, smoking, alcohol use, sleeping pill
use, waist circumference, hypertension, coronary heart disease,
diabetes, depressive symptoms, and inflammatory markers. The
risk of developing mobility disability over 6 years of follow-
up by TST, TIB, and sleep/rest behavior groups were estimated
with logistic regression models, and above-mentioned covari-
ates were used to adjust the models.

To examine whether sleep/rest behavior groups have differ-
ent effect on physical performance decline in men and women,
an interaction term sex*sleep/rest behavior was included in the
linear mixed effect models. All the interaction terms were non-
significant, and therefore men and women were combined in
our analysis. The SAS 9.1 Statistical Package was used for all
analyses (SAS Institute, Inc., Cary, NC, USA).

RESULTS

Individual Effects of TST and TIB on Physical Function Decline

At baseline, no differences in walking speed or SPPB scores
were observed across TST and TIB groups. The only exception
was significantly higher SPPB score among men with <6 h TIB
compared to midrange TIB (P = 0.02). Detailed baseline char-
acteristics of the study population by TST and TIB are shown
in Table 1.

The individual effects of TST and TIB on physical perfor-
mance decline are shown in Table 2. Participants who report-
ed > 9 h of TST or TIB > 9 h experienced greater decline in
walking speed than persons who reported 7-8 h of TST or TIB
(P =10.04 and P = 0.03, respectively). In addition, TIB > 9 h
was associated with greater decline in SPPB score compared
to participants who reported 7-8 h of TIB (P < 0.0001). Short
TST and TIB (< 6 h) were not associated with accelerated
decline in walking speed or SPPB score. After adding TST
and TIB to the same model, both remained statistically sig-
nificantly associated with walking speed and SPPB, score and
no interaction was found between TST and TIB on walking
speed or SPPB score.
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N
Women, %

Physical activity, %
Sedentary
Moderate
Active

Smoking, %
Never
Former
Current

Alcohol use (= 3 drinks/day), %

Sleeping pill use, %
Never
Once or twice a week
Three or more times a week

Hypertension, %
Coronary heart disease, %
Diabetes, %

Bronchitis, %

Asthma, %

Depression, %

Knee osteoarthritis, %

Age, years
Education, years
BMI, kg/m?

Waist circumference, cm
Men
Women

Walking speed, m/s
Men
Women

SPPB Score
Men
Women

C-reactive protein, mg/L

Interleukin-6, pg/mL

Tumor necrosis factor-a, pg/mL

Table 1—Baseline characteristics by self-reported total sleeping time and time in bed (n = 751)

Total Sleeping Time

<6h
311
63.67

14.56
49.19
36.25

63.02
25.72
11.25

14.79

72.35
5.79
21.86

4277
7.31
11.25
5.14
3.22
37.94
8.68

Mean (SD)
73.09 (5.86)

5.56 (3.41)
27.90 (4.12)

95.64 (8.33)
9159 (10.30)

1.16 (0.21)
1.00 (0.21)

11.16 (1.63)
10.21 (2.06)

Median (IQR)
237
(1.23-4.86)

1.30
(0.80-1.95)

4.64
(3.39-5.97)

7-8h
371
51.48

9.73
44.05
46.22

54.45
29.11
16.44

16.62

81.94
4.04
14.02

28.03
6.94
11.06
8.36
5.66
25.55
4.85

Mean (SD)
72.57 (5.87)

5.75(3.10)
27.37 (3.63)

95.37 (8.36)
90.10 (10.64)

1.17 (0.25)
1.05(0.22)

11.30 (1.50)
10.44 (2.08)

Median (IQR)
2.55
(1.29-5.01)

1.37
(0.78-2.04)

4.22
(3.05-5.71)

Values are shown in mean (SD) for normally distributed and medians (IQR) for non-normally distributed continuous variables and N (%) for categorical
variables. SPPB, Short Physical Performance Battery; IQR, inter quartile range.

P for difference P for difference

29h <6hvs.7-8h 7-8hvs.29h
69
39.13 0.06 0.001
0.25 0.02
15.94
44.93
39.13
0.97 0.05
53.62
3043
15.94
18.84 0.65 0.51
0.47 0.01
86.96
1.45
11.59
28.99 0.87 <0.0001
8.70 0.61 0.86
15.94 0.25 0.93
8.70 0.93 0.10
7.25 0.61 0.13
22.06 0.54 0.001
4.35 0.86 0.04
P for difference P for difference
Mean (SD) <6hvs.7-8h 7-8hvs.29h
74.25 (6.80) 0.08 0.50
6.36 (3.95) 0.34 0.72
27.55 (4.75) 0.94 0.19
94.33 (9.80) 0.76 0.96
91.26 (12.26) 0.86 0.35
1.19(0.25) 0.81 0.94
0.98 (0.29) 0.28 0.11
11.05 (1.53) 0.61 0.73
9.88 (2.96) 0.43 0.53
P for difference P for difference
Median (IQR) S6hvs.7-8h 7-8hvs.29h
2.46 0.89 0.66
(1.24-6.39)
1.50 0.25 0.51
(0.95-2.52)
4.68 0.04 0.02
(3.52-5.99)

Table 1 continues on the following page
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Table 1 (continued)—Baseline characteristics by self-reported total sleeping time and time in bed (n = 751)
Time in Bed
P for difference P for difference
<6h 7-8h 29h <6hvs.7-8h 7-8hvs.29h
N 16 21 464
Women, % 50.00 55.72 55.39 0.93 0.65
Physical activity, % 0.01 0.07
Sedentary 20.00 7.75 14.72
Moderate 20.00 45.76 47.40
Active 60.00 46.49 37.88
Smoking, % 0.92 0.76
Never 50.00 59.04 57.54
Former 3125 26.94 28.23
Current 18.75 14.02 14.22
Alcohol use (= 3 drinks/day), % 31.25 16.97 15.00 0.48 0.15
Sleeping pill use, % 0.65 0.18
Never 68.75 80.44 77.59
Once or twice a week 0.00 443 474
Three or more times a week 31.25 15.13 17.67
Hypertension, % 50.00 34.69 33.41 0.72 0.21
Coronary heart disease, % 6.25 7.92 6.90 0.61 0.81
Diabetes, % 18.75 11.44 11.42 0.99 0.38
Bronchitis, % 6.25 443 8.62 0.03 0.73
Asthma, % 0.00 4.06 5.39 0.42 0.41
Depression, % 43.75 27.34 31.74 0.21 0.16
Knee osteoarthritis, % 12.50 6.27 6.25 0.99 0.33
P for difference P for difference
Mean (SD) Mean (SD) Mean (SD) S6hvs.7-8h 7-8hvs.29h
Age, years 72.81 (5.80) 71.99 (5.37) 73.50 (6.24) 0.003 0.85
Education, years 7.38 (4.95) 6.20 (3.71) 5.39 (2.94) 0.004 0.35
BMI, kg/m? 27.41 (4.19) 27.47 (3.75) 27.69 (4.07) 0.76 0.99
Waist circumference, cm
Men 97.88 (8.56) 95.13 (8.67) 95.35 (8.47) 0.97 0.65
Women 91.13 (12.46) 91.27 (10.62) 90.65 (10.55) 0.84 0.99
Walking speed, m/s
Men 1.33 (0.26) 1.18 (0.19) 1.16 (0.24) 0.62 0.18
Women 0.94 (0.23) 1.06 (0.19) 1.00 (0.24) 0.06 0.31
SPPB Score
Men 11.75 (0.46) 11.50 (0.94) 11.04 (1.81) 0.02 0.90
Women 8.88 (2.75) 10.43 (1.79) 10.26 (2.29) 0.70 0.11
P for difference P for difference
Median (IQR) Median (IQR) Median (IQR) <6hvs.7-8h 7-8hvs.29h
C-reactive protein, mg/L 1.54 2.25 2.60 0.01 0.69
(1.12-4.13) (1.20-4.63) (1.36-5.54)
Interleukin-6, pg/mL 0.95 1.22 1.45 0.04 0.38
(0.73-1.52) (0.78-1.87) (0.82-2.07)
Tumor necrosis factor-a, pg/mL 3.93 4.48 4.43 0.90 0.35
(2.76-5.62) (3.15-5.74) (3.21-5.94)
Values are shown in mean (SD) for normally distributed and medians (IQR) for non-normally distributed continuous variables and N (%) for categorical
variables. SPPB, Short Physical Performance Battery; IQR, inter quartile range.
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Table 2—Annual change in walking speed and Short Physical Performance Battery by total sleeping time and

Effect of Sleep/Rest Behavior on
Physical Function Decline

depression, C-reactive protein, interleukin-6, and tumor necrosis factor-a.

*Beta estimates for different groups are derived from linear mixed effect models and they indicate the average
change in walking speed/SPPB score per year in that specific category. TP value indicates the significance of the
difference between groups. SE, standard error. Models are adjusted for age, sex, education, physical activity,
smoking, alcohol use, sleeping pills use, hypertension, coronary heart disease, diabetes, waist circumference,

time in bed Self-reported TST and TIB
_ Short Physical Performance were moderately correlated with

Walking Speed Battery each other (Spearman correlation

B B coefficient r = 0.31, P < 0.001),

N  Estimate* SE Pt Estimate* SE Pt indicating that TST and TIB

Total Sleeping Time should be considered related but
<6h 31 -0.023  0.002 0435 -0.289  0.023 0.211 partially independent measures.
7-8h 371 -0.021  0.002 ref -0.249  0.022 ref In Table 3 the percentages of dif-
29h 69 -0.032  0.005  0.035 -0.335  0.051 0.119 ferent sleep/rest behavior groups
Time in Bed are shown. Overall, 18% of the
<6h 16 -0027 0010 0440  -0092 OM1 0363 participants were considered as
78N 211 -0019 0002 ref 0195 0024 ref true mid-range sleepers (TST 7-8
>9h 464 -0025 0002 0027  -0333 0020 <0.0001 h and TIB 7-8 h), 20% as truc

short sleepers (TST <6 h and TIB
< 8 h), 21% as subjective short
sleepers (TST <6 hand TIB > 9
h), 31% as subjective mid-range
sleepers (TST 7-8 h and TIB > 9
h), and 9% as long sleepers (TST
>9hand TIB>9 h).

Table 3—Sleep/rest behavior categories by distribution of total sleeping time (TST) and
time in bed (TIB) (n = 751)

Time in Bed
<6h 7-8h 29h Total n
Total Sleeping Time
<6h(n) 21% (16)>  18.0% (135)°  21.3% (160)° 311
7-8 h (n) 0 18.1% (136)*  31.3% (235)¢ 3n
29h(n) 0 0 9.2% (69)° 69
Total n 16 271 464 751

aTrue mid-range sleepers (TST 7-8 h and TIB 7-8 h); "True short sleepers (TST <6 h and
TIB < 8 h); “Subjective short sleepers (TST < 6 h and TIB = 9 h); ‘Subjective mid-range
sleepers (TST 7-8 h and TIB = 9 h); °Long sleepers (TST=9hand TIB 29 h).

Baseline characteristics of the
study population by sleep/rest behavior groups are
shown in Table 4. Compared to true mid-range sleep-
ers (reference group), true and subjective short sleep-
ers were more often women than men (P < 0.05), and
the mean age was lowest among the true mid-range
sleepers (P < 0.05). Physically sedentary behavior
was more common in all other groups compared to
true mid-range sleepers, with subjective mid-range
sleepers and long sleepers having the highest preva-
lence (P < 0.05). Use of sleeping pills, presence of
hypertension, and depressive symptoms were more
prevalent among true and subjective short sleep-
ers compared to true mid-range sleepers (P < 0.05).
In addition, depressive symptoms were more com-

mon in subjective mid-range sleepers than true mid-

The effects of TST and TIB on subcomponents of SPPB
score, chair stand and standing balance, were also examined.
Long TST (> 9 h) was associated with accelerated decline in
chair stand score compared to 7-8 h of TST, but no difference
in balance score across TST groups was observed. For TIB the
results related to walking speed, chair score, and balance score
were comparable, i.e., > 9 h TIB was associated with accelerat-
ed decline in walking speed, chair stand, and balance compared
to 7-8 hours of TIB (data not shown).

The risk of developing mobility disability was also exam-
ined by adjusting for age, sex, lifestyle factors, sleeping pill
use, waist circumference, diseases, and inflammatory markers.
Both long (=9 h) TST and TIB were associated with increased
odds for mobility disability in a separate models (odds ratio,
95% confidence limit (OR, 95% CI) 2.94, 1.15-7.50 and 2.55,
1.25-5.17, respectively). After adding them to the same model,
>9 h TST and TIB remained independently associated with in-
cident mobility disability (OR = 2.52, 95% CI 1.03-6.20 and
OR = 2.11, 95% CI 1.08-4.13), and no interaction was found
between these 2 variables.
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range sleepers (P < 0.05), and CRP level was higher
in subjective mid-range sleepers than true mid-range sleepers
(P < 0.05). TNF-a level was higher in all groups than in the
true mid-range sleepers, (P < 0.05) except for the subjective
mid-range sleepers. There were no differences in walking speed
or SPPB at baseline in men across sleep/rest behavior groups
(Table 4). In women, true mid-range sleepers had significantly
higher walking speed than subjective short sleepers (1.09 vs.
0.98 m/s, P =0.02).

Table 5 shows annual decline in walking speed and SPPB
by sleep/rest behavior groups. In age- and sex-adjusted models,
walking speed decline was lowest in the true mid-range sleepers
(—0.016 m/s per year) and highest in the long sleepers (—0.031
m/s per year). After adjusting for lifestyle factors, sleeping pill
use, waist circumference, diseases, and inflammatory markers,
walking speed decline was significantly greater in all groups
compared to true mid-range sleepers (P for all < 0.05). There
were no other significant differences between sleep/rest be-
havior groups except for the comparisons with true mid-range
sleepers. In the fully adjusted model, in addition to sleep/rest
behavior, age, sex, education, physical activity, use of sleeping
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Subjective short Subjective mid-

sleepers range sleepers  Long sleepers  Difference from
(TST<6hand (TST7-8hand (TST29hand true mid-range
TIB 29 h) (b) TIB29h(c) TIB 29 h) (d) sleepers*
160 235 69
63.75 54 .47 39.13 a,b
a,b,cd
17.61 12.39 15.94
50.94 4573 44.93
31.45 41.88 39.13
10.63 16.17 15.94
26.88 28.51 30.43
62.5 55.32 53.62
13.75 14.72 18.84
a,b
71.88 78.72 86.96
5.63 511 1.45
225 16.17 11.59
40.63 29.79 28.99 a,b
7.89 5.70 8.70
10.63 10.64 15.94
6.25 10.21 8.7
4.38 5.53 7.25
38.75 29.74 22.06 a,b,c
8.75 511 4.35
Mean (SD) Mean (SD) Mean (SD)
73.61(6.12) 73.20 (6.16) 74.25 (6.80) b, c,d
4.87 (2.25) 6.28 (4.19) 6.25 (3.31) b
28.09 (4.22) 27.46 (3.73) 27.55 (4.75)
94.70 (7.52) 96.13 (8.39) 94.33 (9.80)
91.13 (10.05) 90.14 (10.62) 91.26 (12.26)
1.15(0.28) 1.15(0.22) 1.19(0.25)
0.98 (0.22) 1.02 (0.24) 0.98 (0.29) b
11.00 (1.98) 11.06 (1.83) 11.05 (1.53)
10.17 (2.28) 10.41 (2.15) 9.88 (2.96)

Median (IQR) Median (IQR) Median (IQR)
2.39(1.32-4.98) 2.74(1.38-5.61) 2.46 (1.24-6.39) c
1.37 (0.85-2.00) 1.47(0.78-2.12)  1.50 (0.95-2.52)

457 (3.46-5.90) 4.19(3.06-5.91) 4.68 (3.52-5.99) a,b,d

Table 4—Baseline characteristics by sleep/rest behavior (n = 751)
True mid-range True short
sleepers sleepers
(TST7-8hand (TST<6hand
TIB7-8 h) TIB<8h)(a)
N 136 151
Women, % 46.32 63.58
Physical activity, %
Sedentary 5.15 11.33
Moderate 41.18 47.33
Active 53.68 41.33
Smoking, %
Never 16.91 11.92
Former 30.15 245
Current 52.94 63.58
Alcohol use (= 3 drinks/day), % 19.85 15.89
Sleeping pill use, %
Never 87.5 72.85
Once or twice a week 2.21 5.96
Three or more times a week 10.29 21.19
Hypertension, % 25 45,03
Coronary heart disease, % 9.09 6.71
Diabetes, % 11.76 11.92
Bronchitis, % 5.15 3.97
Asthma, % 5.88 1.99
Depression, % 18.18 37.09
Knee osteoarthritis, % 4.41 8.61
Mean (SD) Mean (SD)
Age, years 71.49 (5.19) 72.53 (5.52)
Education, years 6.36 (3.95) 5.47 (2.94)
BMI, kg/m? 27.22 (3.46) 27.70 (4.02)
Waist circumference, cm
Men 94.28 (8.24) 96.62 (9.05)
Women 90.02 (10.76) 92.07 (10.60)
Walking speed, m/s
Men 1.18 (0.19) 1.20 (0.21)
Women 1.09 (0.19) 1.02 (0.20)
SPPB Score
Men 11.67 (0.65) 11.33 (1.16)
Women 10.51 (1.93) 10.25 (1.82)
Median (IQR) Median (IQR)
C-reactive protein, mg/L 1.99 (1.20-4.46) 2.35(1.13-4.65)
Interleukin-6, pg/mL 1.26 (0.82-1.85) 1.15(0.75-1.86)
Tumor necrosis factor-a, pg/mL 4.23(3.03-5.54) 4.78 (3.29-6.15)
Short Physical Performance Battery.

Values are shown in mean (SD) for normally distributed and medians (IQR) for non-normally distributed continuous variables and N (%) for categorical
variables. *Pair-wise comparison is made against true mid-range sleepers, P < 0.05. Comparisons across groups were examined with Chi-square test for
categorical variables, Kruskal-Wallis test for skewed continuous variables and ANOVA post hoc test for normally distributed continuous variables. SPPB,

pills, diabetes, waist circumference, and depressive symptoms
remained independently associated with walking speed decline
(P for all <0.05).

The results for the SPPB were nearly comparable with walk-
ing speed, the decline being lowest in true mid-range sleepers
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and greatest in those participants reporting TIB > 9 h inde-
pendent of reported sleep duration (subjective short sleepers,
subjective mid-range sleepers, and long sleepers). These same
participants had significantly greater decline in SPPB scores
compared to true mid-range sleepers and true short sleepers
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Table 5—Annual change in walking speed and Short Physical Performance Battery by sleep/rest behavior groups
True mid-range True short Subjective short Subjective mid-
sleepers sleepers sleepers range sleepers Long sleepers
(TST7-8 h and (TST<6hand (TST<6 hand (TST 7-8 h and (TST29 hand
TIB7-8 h) TIB<8h) TIB 29 h) TIB29h) TIB 29 h)
B Estimate* (SE) P Estimate* (SE) B Estimate* (SE) B Estimate* (SE) B Estimate* (SE)
Walking Speed
Model 1 -0.016 (0.003) -0.023 (0.003) -0.025 (0.003) -0.026 (0.002) -0.031 (0.005)
pt ref 0.077 0.043 0.015 0.006
Model 2 -0.014 (0.003) -0.024 (0.003) -0.023 (0.003) -0.026 (0.003) -0.032 (0.005)
pt ref 0.023 0.050 0.006 0.002
Short Physical Performance Battery
Model 1 -0.160 (0.030) -0.220 (0.030) -0.380 (0.030) -0.310 (0.030) -0.350 (0.050)
pt ref 0.164 <0.0001 0.001 0.001
Model 2 -0.155 (0.035) -0.218 (0.031) -0.365 (0.033) -0.308 (0.028) -0.335 (0.050)
pt ref 0.182 <0.0001 0.001 0.003
*Beta estimates for different sleep/rest groups are derived from linear mixed effect models and they indicate the average change in walking speed/SPPB
score per year in that specific category. For the comparison the decline in walking speed and SPPB score with 1 year of advancing age in the whole study
population was -0.021 and -0.198, respectively. P value indicates the significance of the difference between sleep/rest groups. SE, standard error.
Model 1: Adjusted for age and sex. Model 2: Additionally adjusted for education, physical activity, smoking, alcohol use, sleeping pills use, hypertension,
coronary heart disease, diabetes, waist circumference, depression, C-reactive protein, interleukin = 6, and tumor necrosis factor-a.

* *
6 - 1 9.99 1 13.64
5 4
g 4]
s !
»n 3
k=]
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b
1 °
0 . . . .
True True Subjective  Subjective Long
mid-range short short mid-range sleepers
sleepers sleepers sleepers sleepers

Figure 1—Risk of developing mobility disability over 6 years of follow-
up by sleep/rest behavior groups. Logistic regression models are
adjusted for age, sex, education, physical activity, smoking, alcohol use,
sleeping pills use, hypertension, coronary heart disease, diabetes, waist
circumference, depression, C-reactive protein, interleukin-6, and tumor
necrosis factor-a. *Statistically significant difference compared to true
mid-range sleeper, P < 0.05.

(P for all < 0.05). After including all the confounding variables
in the model, in addition to sleep/rest behavior, age, sex, physi-
cal activity, and depressive symptoms remained independently
associated with SPPB decline (P for all < 0.05).

Finally, we examined the predictive role of sleep/rest behav-
ior on risk of developing mobility disability over 6 years of
follow-up (Figure 1). After adjusting for potential confound-
ing factors, the odds for incident mobility disability were 1.50
(95% CL 0.46-4.89) for true short sleepers; 3.33 (95% CL 1.11-
9.99) for subjective short sleepers; 1.47 (95% CL 0.48-4.55) for
subjective mid-range sleepers; and 4.02 (95% CI 1.18-13.64)
for long sleepers in comparison to true mid-range sleepers.
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DISCUSSION

The results of this study provide new evidence in the field of
epidemiological sleep research by demonstrating that TIB of-
fers important additive information to the self-reported habitual
sleep duration when evaluating the consequences of sleep be-
havior on physical function decline. We found that both long
(=9 h) TST and long TIB independently predicted accelerated
decline in objectively measured physical performance (walking
speed and SPPB score) and greater incidence in subjectively
assessed mobility disability, but short (< 6 h) TST and short
TIB did not. After combining self-reported TST and TIB, we
observed that long sleepers (TST > 9 h and TIB > 9 h), experi-
ence the greatest decline in physical performance and have the
highest risk for incident mobility disability compared to true
mid-range sleepers (TST 7-8 h and TIB 7-8 h). Importantly, we
found that the level of physical performance decline and inci-
dent mobility disability varied between the persons reporting
equal sleep durations but differing in their TIB. For example,
subjective short sleepers (TST < 6 h and TIB > 9 h) showed a
significantly greater decline in SPPB score and had higher risk
of incident mobility disability than true short sleepers (TST <
6 h and TIB < 8 h). Consequently, by relying solely on self-
reported sleep duration, an additive risk related to long TIB
among persons reporting short sleep would be partially masked.

To our knowledge this is the first study to combine self-
reported TST and TIB when examining their association with
physical function decline in older adults. Based on this study
two critical groups in terms of functional decline can be dis-
tinguished: long sleepers and subjective short sleepers. In this
study, long sleepers were more often older, but did not report
on average more chronic conditions or sleeping pill use when
compared with true mid-range sleepers. On the other hand,
subjective short sleepers constituted of group of persons, who
more often used sleeping pills and more often had hypertension
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and depression in comparison to the reference group. A com-
mon feature for these two groups was a physically sedentary
behavior. It can be argued that persons with long TIB may have
less time (or energy) to engage in physically active behavior.
Indeed, several studies have found that long self-reported sleep
duration is associated with a sedentary way of life or low lev-
els of daytime physical activity,'**"?® suggesting that sedentary
lifestyle may account for part of the increased risks for physi-
cal function decline in this group. Since there were no major
differences in the physical performance at baseline across the
groups, low physical performance alone is an unlikely explana-
tion for lower physical activity in persons with long TIB. More-
over, in experimental studies, extended bed rest, irrespective of
sleeping, is shown to accompany a marked decrease in muscle
strength® as well as insulin resistance and cardiac atrophy,*
linking long TIB to low physical performance. The key ques-
tion is whether long TIB is only a proxy for sedentary lifestyle
or if it could have a direct causal effect on physical activity
behavior. Further research is needed to examine factors charac-
terizing persons with long TIB but different TST and their role
in physical functional decline.

There are few potential explanations for increased risk of
physical function decline among long sleepers in our study. In
addition to sedentary or passive lifestyle,” the most obvious
ones are sleep fragmentation, fatigue, and underlying disease.’
It has been reported that in terms of tiredness and fatigue, long
sleepers do not benefit from their longer sleep duration when
compared with mid-range sleepers or even with short sleepers.'
This may indicate that self-reported long TST is associated with
the failure of the restorative function(s) of sleep.” Additionally,
the key problem in this context is the uncertainty about how
indicative long TST is of physiologic sleep or TIB.*!

Accumulating data from population-based studies indicates
that persons tend to overestimate their sleep time when com-
pared with objectively measured sleep duration.’** Impor-
tantly, the overestimation may depend on the quality of sleep.
Objectively defined poor sleep was found to be associated with
longer subjective estimates of TST, whereas subjectively poor
sleepers tended to report shorter TST when compared with
objective measurements.** This may indicate that among self-
reported long sleepers, objective changes in physiological sleep
structure may be more prominent than subjectively reported
sleep disturbances. We are inclined to think that our differentia-
tion between subjective and true short and mid-range sleepers
reflects the underlying failure in sleep function, in response to
which a substantially longer TIB (as a compensatory effort to
restore sleep homeostasis) is associated with shorter subjective
sleep duration. In a recent study among 35 self-reported long
sleepers aged 50-70 years, it was found that they reported much
longer sleep durations than was verified by actigraphic mea-
surements.’! The important conclusion was that because self-re-
ported long sleepers sleep physiologically less than they claim,
the increased health risks in this group may be related more to
long TIB than to long physiological sleep duration in itself.*!
Thus, the main findings of our study may be interpreted in a
way that failures in restorative sleep function(s) associate with
long TST and long TIB, which, in turn, predispose individuals
to sedentary life style, which, in turn, predispose individuals to
decrease in physical function and incident mobility disability.
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Another interesting finding from this study is that unlike
subjective short sleepers, true short sleepers (TST < 6 h and
TIB < 8 h) do not show significantly greater decline in SPPB
or incidence for self-reported mobility disability than true mid-
range sleepers. This result suggests that the functional integ-
rity of sleep may be compromised in subjective short sleepers,
possibly due to insomnia or other sleep disorders; the sleeper
then tries to compensate for this by spending more time in bed.
In other words, the discrepancy between TST and TIB reflects
behavioral response to the perception of the quality of sleep
and probably also to the sedentary lifestyle. On the contrary
in true short sleepers, the functional integrity of sleep may be
compromised to lesser degree or not at all. Taken together, our
results emphasize the importance of the discrepancy between
self-reported sleep duration and calculated TIB when predict-
ing physical function decline. Consequently, in epidemiological
studies, it is important to include both self-reported TST and the
time of getting into and out of the bed for calculating the esti-
mate of TIB in order to yield maximally sensitive information
to predict future health risks.

In this study, three different outcome variables were used:
objectively measured lower extremity performance in terms
of walking speed and SPPB as well as self-reported mobility
disability. Some discrepancies in the findings between walk-
ing speed and SPPB were observed. True short sleepers had
significantly greater decline in walking speed compared to true
mid-range sleepers, but this difference was not observable with
SPPB. On the other hand, subjective short sleepers experienced
greater decline in SPPB, but not so much in walking speed com-
pared to true mid-range sleepers. Similarly, risk of incident mo-
bility disability was increased in subjective short sleepers but
not in true short sleepers. The same pattern was observed in sub-
components of SPPB, chair stand, and standing balance. One
plausible explanation for these findings is that walking speed
is more sensitive for changes in physical performance, and
greater changes in performance would be required to observe
differences in SPPB score or mobility status across our sleep/
rest behavior groups. Therefore, true short sleepers also seem to
show accelerated decline in physical performance, but it is only
observable with walking speed as an outcome measure.

Based on previous research the size of the differences ob-
served between sleep/rest behavior groups in the present study
can be considered clinically meaningful. For example, the dif-
ference in annual decline in walking speed between true mid-
range sleepers (—0.014 m/s) and long sleepers (—0.032 m/s)
corresponds to a 0.11 m/s change over 6 years, when change of
0.08 m/s or more has been considered substantial meaningful
change.?*>*¢ Similarly, the difference in annual decline in SPPB
score between true mid-range sleepers (—0.155) and long sleep-
ers (—0.335) corresponds to a 1.08 point change over 6 years,
when change of 1.0 points or more has been considered sub-
stantial meaningful change.?>*

The major strength of this study is that we had concurrent
dual information about sleep behavior, and by utilizing the in-
formation from the self-reported TST and TIB, we were able
to constitute sleep/rest behavior grouping. Previous studies
have reported that long sleep is associated with poor function-
ing and health,>* and there is some evidence that short sleep
duration is associated with higher likelihood of mobility dis-
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ability,’ hypertension,’’* diabetes,** and mortality.® The funda-
mental problem in interpreting the findings of these studies is
that they may partially mask the real risk associated with the
sleep/rest behavior. Practically all epidemiological studies on
self-reported sleep duration associated with health risks have
defined the reference group solely by self-reported 7-8 h sleep
duration. Consequently, true and subjective mid-range sleepers
as well as true and subjective short sleepers have been pooled
together, possibly leading to biased risk estimates. Therefore, to
obtain as comprehensive a picture of sleep behavior as possible,
it is recommended to include questions about TIB in addition to
self-reported sleep duration in future studies or inquire about it
in the clinical practice. In addition, further studies are needed to
define if the distinction between subjective TST and TIB is also
important in regards to risk for adverse health and mortality.

Another strength of this study is the age of the target group.
From the point of view of physical function decline, persons
aged 65 years and older create a feasible target group. Fur-
thermore, since the majority of our participants were retired
(89%), they had fewer social restrictions in choosing individu-
al TIB than in individuals still working. Therefore, we believe
that TIB in this study reflects each participant’s needs in their
homeostatic sleep regulation to a much stronger extent than in
younger individuals.

The limitations of the study also need to be addressed. Al-
though the longitudinal design with repeated walking speed and
SPPB measurement is one of its major strengths, longitudinal
studies in older adults, especially those with long follow-up,
also produce natural limitations. Compared to the 751 partici-
pants included in the longitudinal analysis, those who were
lost to follow-up (n = 172) were older (P < 0.0001), had lower
education (P < 0.0001), were more often physically sedentary
(P <0.0001), and had more coronary heart disease (P = 0.03),
hypertension (P = 0.04), and knee osteoarthritis (P = 0.02). In
addition, they had significantly lower walking speed (0.87 vs.
1.08 m/s) and SPPB score (8.29 vs. 10.67) at baseline (P for
both < 0.0001) compared to those who remained in the study.
Thus, the oldest and most disabled persons were lost to follow-
up, and this may have weakened our findings.

Second, TST was based on self-reports, which leaves open
the question of its relationship to physiological sleep duration.
However, it has been shown that among middle-aged adults,
subjective reports of habitual sleep moderately correlate with
actigraph-measured sleep.*® Future studies are needed to con-
firm our sleep/rest classification and its association with physi-
cal function decline by using objective instruments. Also, since
the aim of this study was to examine the possible predictive
role of sleep/rest behavior on physical function decline, only
data from the baseline sleep/rest behavior were utilized. Based
on additional analysis, we observed small changes in long and
short sleep based on TST and TIB at 3 and 6 years of follow-up,
and the prevalence of sleep/rest groups varied also in each data
point, although relatively slightly. If self-reported TST and TIB
are direct causal risk factors for physical function decline, the
changes in their prevalence during the follow-up would have
resulted in a slight underestimation of their real risk estimates.
If they are only indirect or noncausal (surrogates) statistical
risk factors, it is more difficult to estimate how changes in their
prevalence may have influenced the results.
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Finally, in the present study several confounding factors
were included in the multivariable models, including sleeping
pill use, which can be considered as an indicator of insomnia.
However, we did not have information on other primary sleep
disorders such as sleep apnea or restless legs, which can be con-
sidered as a limitation of our study. However, we feel that the
sleep/rest grouping based on the combination of self-reported
sleep duration and TIB creates in integrative indicator of the
functional integrity of sleep, which, in turn, is an important
health predictor in epidemiological studies. Future studies are
needed to decipher different causal mechanisms behind this
sleep/rest typology

In conclusion, our study confirms that information on TIB
complements self-reported sleep duration in evaluating the con-
sequences of sleep duration on health and functional status. The
biological mechanisms leading from different sleep/rest be-
havior to functional decline and also to other health outcomes
should be further studied.
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