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Abstract

At older ages, deteriorating of physical and cognitive health is very likely.
This study investigates whether (1) transitions in physical and cognitive
health are driven by the same demo-socio-economic characteristics and lifestyle
habits; (2) these transitions follow the same patterns and how do physical
or cognitive dimensions affect the transitions in the other dimension.
Using the 1905 Danish Cohort survey, we applied Multi State Models – with
Markov chain assumption - for panel data to evaluate physical and cognitive
deterioration of the oldest-old.
This study highlights a ”one-step” worsening pattern in both physical and
cognitive health. Both types of transitions were associated with similar
socio-demographic and behavioral characteristics but not with emotional
factors. The two health dimensions were related to each other in terms of
transitions: being in a better health condition according to one dimension
lowered the probability of worsening the other one or dying.
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Introduction

The proportion of oldest old people has increased during the last decades
as a consequence of the decline in old-age mortality [1, 2, 3]. The share of
nonagenarians in Denmark increased from around 0.08% in 1950 to 0.75% in
2015 and seems to keep growing, according to World Population Prospects
[4], during the next years, reaching 1.87% in 2040. This phenomenon af-
fected most of the developed countries, driving the attention on the health
conditions in which people reach very old ages, considered as a major public
health challenge nowadays. In particular at older ages, the deterioration
of both physical and cognitive health conditions is very likely [5, 6]. The
relationship between these two aspects (physical and cognitive) has been
widely investigated during the last years since more longitudinal data suit-
able for this purpose became available. A systematic review assessing the
longitudinal relationship between physical and cognitive change was pub-
lished in 2013 by Clouston et al. [7]. They found that physical functioning
at baseline was associated with longitudinal changes in cognition while the
opposite relationship was inconsistent. Nevertheless, articles studying the
determinants of health transitions and analyzing the longitudinal relation-
ship between physical and cognitive dimensions among the oldest-old are
lacking in the literature [8]. This study aims to partly fill this gap by an-
alyzing the 1905 Danish Cohort Data to determine whether (1) transitions
in physical and cognitive health are driven by the same demographic and
socio-economic characteristics and lifestyle habits; (2) transitions in physical
and cognitive health follow the same patterns and how does each dimension
(physical or cognitive) affect the transitions of the other dimension.

Methods

Study population and measures

The study population comes from the nationwide survey - with no exclusion
criteria - described in the article by Nybo et al. (2001) [9]. It includes many
information at individual level on people born in Denmark in 1905. The
first data collection was in 1998: according to the Danish National Registry,
the identified participants were 3,738. Since 138 people died before being
contacted, potential participants were 3,600 but only 62.8% of them became
participants (2,626 individuals). Questions have been answered by a proxy
if needed. Studies on this cohort showed that high level of disability and
poor physical and cognitive performance are predictors of mortality in the
oldest old [10, 11]. This work takes advantage of the first two waves of ”The
Danish 1905 Cohort Survey” because it is part of a research project that
includes a comparison with two waves of an Italian survey on nonagenarians.
Cognitive function was measured with the Mini-Mental State Examination
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(MMSE): the higher the score (0-30) the better the cognitive status [12].
We grouped it into three categories in order to distinguish people with se-
vere (0-17), mild (18-23) and no cognitive impairment. Physical function
was assessed by Chair-Stand Test: elderly who can raise from a chair have
better functional status than who needs to use hands or can not do it [13].
For computational reasons, both health indicators were dichotomized for the
multi state analysis.
The analysis controlled for demographic and socio-economic characteristics
(sex, education and living conditions), emotional characteristics (loss of a
close person, self-rated health and depression) and health behaviors (smok-
ing habits, body mass index, physical activity and use of medications).
All these variables were selected and categorized according to the literature
about oldest old mortality and health-transitions predictors. Detailed infor-
mation about their classification are available into the Appendix S1. The
main reference for variables’ selection and classification is the Appendix S1
of the article by Thinggaard et al. (2016) on the same study population
[14].

Statistical analysis

Multi-State Model for panel data - with Markov chain assumption - [15,
16] was applied to assess the association between the many potential fac-
tors measured on the Danish nonagenarians and the transition probabilities
through different states.
The Multi-State Model is based on a stochastic multi-state process (X(t), t ∈
T ) with a finite state-space S = 1, ..., N where T = [0, τ ], τ < ∞ represents
the time (continuous or discrete for panel data). It is fully characterized
through transition probabilities between states h and j :

phj(s, t) = P (X(t) = j|X(s) = h) (1)

for h, j ∈ S, t, s ∈ T or through transition intensities:

αhj(t) = lim
∆t→0

phj(t, t+ ∆t)

∆t
(2)

representing the instantaneous hazard of progression to state j condition-
ally on occupying state h at the previous time. According to the Markov
assumption, the probability of the next transition depends only on the state
occupied at the time t.
The effect of the explanatory variables zit on the transition intensity for in-
dividual i at time t is modeled using proportional intensities, replacing αhj
with:

αhj(zit) = α
(0)
hj exp(β

T
hjzit) (3)

Participants in the first wave have been separated into people in good and
in bad health conditions, first differentiated by their physical status and
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then by cognitive health. The transitions into four states (good health, bad
health, non-participant but alive and non-participant because of death) have
been estimated through transition probabilities and the effect of the covari-
ates on the transition intensities has been evaluated.
Multiple imputation was necessary to deal with missing values (MAR) in
order to avoid loss of precision in the analysis. K-nearest neighbor imputa-
tion method has been used for its high performance with survey data [17].
Taking advantage of all the variables available in the dataset except for the
one analyzed, five neighbors have been used to calculate the aggregated val-
ues to impute.
Statistical analysis was performed using R version 3.5.0 [18].

Results

Descriptive results

Of the 2262 participants to the study, one forth were male (25.8%) while
the rest of the people were female (74.2%).
Men were more educated than women, especially in terms of vocational
education (32.9% of male vs 14.2% of female). Fewer men were living alone
(50.5% of male vs 64.4% of female).
More men experienced the loss of a close person due to death during the
last five years (71.7% of male vs 66.9% of female) but they did not declare
better health conditions and they reported lower rates of depression (39%
of male vs 32.3% of female were not depressed) than women as a testimony
of a better emotional profile.
Except for the higher share of smokers (78.8% of male vs 32.4% of female
are past or current smoker), men had higher BMI (73.1% of male vs 55.3%
of female had a BMI higher than 22) and practiced more physical activity
(43.8% of male vs 28.9% of female perform some physical activity) than
women - as a testimony of better health behaviors. More details about
baseline characteristics of the population are shown in Table 1.
Men shown a better physical (52.1% of male vs 41.5% of female are able to
stand up from the chair without any aid) and cognitive (48.5% of male vs
40.6% of female were not cognitive impaired) health conditions than women
as reported in Table 2.
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Table 1: Characteristics of the population in the first wave

Characteristics
Sex

p*M F T
n % n % n %

Sample 584 25.8 1678 74.2 2262 100
Education
elementary 292 50.0 1254 74.7 1546 68.3 <0.001
vocational 192 32.9 238 14.2 430 19.0
higher 100 17.1 186 11.1 286 12.6
Living alone
no 289 49.5 598 35.6 887 39.2 <0.001
yes 295 50.5 1080 64.4 1375 60.8

Loss of a close person
no 165 28.3 556 33.1 721 31.9 0.033
yes 419 71.7 1122 66.9 1541 68.1
Self-rated health
(very) poor 307 52.6 886 52.8 1193 52.7 0.013
acceptable 204 34.9 553 33.0 757 33.5
good or excellent 73 12.5 239 14.2 312 13.8
Depression
29-52 184 31.5 591 35.2 775 34.3 0.008
23-28 172 29.5 545 32.5 717 31.7
17-22 228 39.0 542 32.3 770 34.0

Smoking status
current smoker 144 24.7 171 10.2 315 13.9 <0.001
past smoker 316 54.1 372 22.2 688 30.4
never smoked 124 21.2 1135 67.6 1259 55.7
Body-Mass Index
<22 157 26.9 750 44.7 907 40.1 <0.001
22 - 28 348 59.6 785 46.8 1133 50.1
>28 79 13.5 143 8.5 222 9.8
Physical activity
none/irrelevant 328 56.2 1193 71.1 1521 67.2 <0.001
light 177 30.3 390 23.2 567 25.1
heavy 79 13.5 95 5.7 174 7.7
Medications
4+ 228 39.0 714 42.6 942 41.6 0.057
2 3 153 26.2 423 25.2 576 25.5
0 1 203 34.8 541 32.2 744 32.9

*Men vs Women from Pearson χ2 test
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Table 2: Health conditions of the population in the first wave

Characteristics
Sex

p*M F T
n % n % n %

Chair stand
not able 70 12.0 293 17.5 363 16.0 <0.001
with use of hands 210 36.0 689 41.1 899 39.7
without use of hands 304 52.1 696 41.5 1000 44.2
MMSE
0-17 124 21.2 472 28.1 596 26.3 <0.001
18-23 177 30.3 524 31.2 701 31.0
24-30 283 48.5 682 40.6 965 42.7

*Men vs Women from Pearson χ2 test

Multi state analysis results

The probability of passing from a good to a bad physical health condition
was higher than dying directly (29% vs 25%). People in bad physical health
condition have a 50% probability of dying from that condition.
Similar results have been obtained when considering the cognitive health
condition to define the states. People in good cognitive health condition
have a higher probability to worsen the health condition instead of expe-
riencing the death directly (37% vs 27%). People in bad health condition
have a 47% probability of dying from that condition as shown in Figure 1.
More details about transition probabilities are available in the Appendix S2.

Figure 1: Transition probabilities of the multi state model where
states are defined according to:
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G: good; B: bad; D: dead.
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The effect of potential modifiers on some of the transition intensities (tran-
sition from good to bad, good to dead and bad to dead) are described in
Figure 2 and 3 for the model in which states are defined according to phys-
ical and cognitive health condition respectively.
More details are available in the tables (S3 and S4) in Appendix S2.
With respect to the transitions in physical health, being female and living
alone were statistically associated with a slightly lower probability of dying
for people in bad health conditions (HR respectively of 0.66 and 0.6). Living
alone was also significantly associated with lower probability of passing from
a good to a bad health condition (HR = 0.52). Having a BMI higher than
22 was statistically associated with lower probability of dying, both from a
good (BMI 22-28 vs <22: HR = 0.45) and a bad (BMI >28 vs <22: HR =
0.63) health condition. Doing physical activity was significantly related to
the transition from good to bad (heavy vs no physical activity: HR = 0.35)
and bad to death (light vs no physical activity: HR = 0.73). Finally, being
not cognitive impaired was statistically associated with a lower probability
of worsening the health condition (HR = 0.47) and dying from a bad one
(HR = 0.62).
Regarding the transitions in cognitive health, being a woman was associated
with a lower probability of death (from good health: HR = 0.42; from bad
health: HR = 0.65). Being more educated results in a lower probability of
worsening the health condition (HR = 0.55). Living alone is significantly
associated with lower probability of worsening the health condition (HR =
0.49) and dying from a bad one (HR = 0.59). Having a BMI higher than 22
is statistically associated with lower probability of dying from a good (BMI
22-28 vs <22: HR = 0.44) and a bad (BMI >28 vs <22: HR = 0.65) health
condition. Doing physical activity is significantly related to lower transition
rates from bad to death (light vs no physical activity: HR = 0.65, heavy vs
no physical activity: HR = 0.52). Using more than four medications per day
is associated with higher probability of dying from a bad health condition
(HR = 1.27). Finally, being able to stand up from the chair without any aid
is statistically associated with a lower probability of worsening the health
condition (HR = 0.53) and dying from a bad one (HR = 0.61).
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Figure 2: Multivariate predictions (hazard ratios) of transitions
in physical health

Highlighted hazard ratios are significant; G: good; B: bad; D: dead.

Figure 3: Multivariate predictions (hazard ratios) of transitions
in cognitive health

Highlighted hazard ratios are significant; G: good; B: bad; D: dead.
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Discussion

The increasing proportion of oldest old people experienced during the last
decades, in most of the developed countries, drove the attention of policy
makers on elderly’s health [2, 3]. Finding the determinants of physical and
cognitive health conditions and analyzing their longitudinal relationship are,
nowadays, two of the major public health challenges [19, 20]. Deterioration
of physical and cognitive health is also becoming widely investigated among
old people [6, 21, 22, 23]. Despite this , only few studies analyzed such dete-
rioration on the oldest old [7, 8, 24]. Studying the determinants of worsening
transitions in physical and cognitive health among very old people and the
relationship between these two conditions will help policy makers under-
standing when and how intervene.
This study uses the first two waves of The 1905 Danish Cohort survey [9]
to study the transitions in physical and cognitive health among people aged
93 years old at the baseline (1998) and 95 at the second wave (2000). To
our knowledge, this is the first study that analyzes the relationship between
physical and cognitive decline and the determinants of transitions in these
two health aspects (physical and cognitive) among the oldest old.
Our results confirm the trends shown in the literature for both physical and
cognitive health over the years [22, 24, 25, 26, 27]. Even at very old ages,
the probability of worsening the health condition resulted higher than dying
for people in good status at the baseline. These results suggest that both
physical and cognitive health follow a ”one-step” worsening pattern even
among the oldest old.
The analysis of potential drivers of the health decline shown similar results
for physical and cognitive health.
Demographic and socio-economic variables in both cases resulted associ-
ated with health transitions. In particular, being female was associated
with lower probability of dying from a bad physical and cognitive health
condition and also from a good cognitive one, confirming the so called gen-
der paradox [21, 23, 24, 28, 25, 26]. Being more educated resulted in lower
probability of cognitive decline, confirming the results found among younger
adults [23, 26, 29, 30] but it did not affect the physical status, as it appears
in literature [24, 25]. To the best of our knowledge, living alone is widely
used as potential driver for physical [21, 22, 24] but not for cognitive health
transitions. In our study it was associated with lower probability of wors-
ening the physical and cognitive health status and dying from a good one.
Anyway, it is not possible to disentangle the causal effect of this association:
people who are able to live alone are in better health conditions or living
alone helps to protect the health condition.
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Emotional characteristics did not display any effect, despite other scholars
found that self-rated health and depression have an active role in explaining
transitions in physical and cognitive health [24, 31, 32, 27].
For both health conditions, having a lower BMI resulted in lower probability
of dying from a good and a bad health status, confirming previous findings
on younger adults [33, 34] and in mortality research [35]. Doing some light
physical activity was significantly associated with lower probability of dy-
ing from a bad physical and cognitive status, while doing heavy physical
activity resulted in lower probability of worsening the good physical health
condition and dying from a bad cognitive status. Other studies reported
this association in terms of frailty [5, 21, 22] for physical transitions and few
discussed it about cognitive transitions [36]. Again, it was not possible to
understand the causal relationship of the two aspects.
The main novelty of this paper was to understand the relationship between
physical and cognitive conditions from a transition prospective. The tran-
sitions in the two health status (physical and cognitive) were statistically
associated with the other health measure in both cases, confirming what
have been observed by other scholars among younger adults.
The strength of this study is the sample size and the numerous information
available about this unique group of oldest-old. This allowed us to include
many potential confounders together in the analysis despite the complexity
of the model. The weakness of this study is that it is not possible to clearly
identify the causal relationship of the associations even if data are longitu-
dinal.
To conclude, this study highlights a ”one-step” worsening pattern in both
physical and cognitive health among the oldest old which has not been shown
before. Transitions in both physical and cognitive health were related with
similar socio-demographic and behavioral characteristics but not with emo-
tional factors. The two health dimensions resulted associated with each
other in terms of transitions: being in a better health condition according
to one of the two health measures resulted in a lower probability of wors-
ening the other health status or dying from a bad condition. This confirms
what have been discussed by the extensive systematic review by Clouston
and colleagues [7] about the role of the physical condition at baseline on the
transitions in cognitive health and brings new evidence on the role of the
cognitive status on the transitions in physical health for which the literature
so far has not found consistent evidence.
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Supplemental Material

Appendix S1: Covariates into analysis

Education and living condition were used to measure the socio-economic
situation of the participants. Education was grouped into three categories:
(1) elementary school; (2) vocational and (3) higher education. Living con-
dition was divided into people living (1) alone and (2) with someone.
The loss of a close-person, self-rated health and depression were used to as-
sess the general health perception of the participant and the feelings related
to it. The loss of a close-person was categorized into two classes: (1) lost
someone and (2) no people lost due to death within the last five years. Self-
rated health was assessed with the first question of Short Form 12 (SF12)
questionnaire [37]: ”How do you consider your health in general?”. It was
grouped in three categories: (1) (very)poor; (2) acceptable and (3) good
or excellent. Depression was assessed using an adaptation of the depression
section of the Cambridge mental disorders of the elderly examination [38]. It
has a scale from 17 to 52 and it was grouped into three equal-size categories:
(1) 17-22; (2) 23-28 and (3) 29-52.
The health behaviors taken into account are: smoking habits, body Mass
Index (BMI), physical activity and use of medications. Smoking habits was
categorized into (1) never smoked; (2) past and (3) current smoker. BMI
was calculated on the basis of the reported height and weight at the inter-
view and categorized into three groups: (1) <22; (2) 22-28 and (3) >28.
Physical activity was assessed by asking how often participants were per-
forming light or heavy exercises at the time of the interview. It was grouped
into three categories: (1) never or not able; (2) light and (3) heavy physical
activity. The number of medications was coded according to the Anatomical
Therapeutic Chemical classification system and it was grouped into three
equal-size categories: (1) 0-1; (2) 2-3 and (3) 4+.
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Appendix S2: Multi state analysis

Table S1: Transition probabilities of the multi state model where
states are defined according to the physical health condition

From/To Good Bad Dropout Dead

Good 0.34 0.29 0.13 0.25
Bad 0.02 0.34 0.14 0.50
Dropout 0.00 0.00 1.00 0.00
Dead 0.00 0.00 0.00 1.00

*Health status according to Chair Stand test

Table S2: Transition probabilities of the multi state model where
states are defined according to the cognitive health condition

From/To Good Bad Dropout Dead

Good 0.37 0.24 0.12 0.27
Bad 0.07 0.31 0.14 0.47
Dropout 0.00 0.00 1.00 0.00
Dead 0.00 0.00 0.00 1.00

*Health status according to Mini-Mental State Examination
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