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Abstract

Purpose Decline in physical function is common in older
age, with important consequences for health-related quality
of life, health care utilisation, and mortality. This study
aimed to identify patterns of change in physical functioning
(PF) for women in later life.

Methods PF was measured longitudinally using the ten-item
subscale of the Medical Outcomes Study 36-item Short Form
Health Survey, for 10 515 participants of the Australian
Longitudinal Study on Women’s Health, who completed at
least two surveys between 1999 (aged 73-78 years) and
2011 (aged 85-90 years). Conditional and unconditional
latent profile analysis was conducted separately for deceased
and surviving subgroups of women to uncover latent patterns
of change in PF scores over time.

Results Four patterns of change were identified for women
who were still alive in 2011 (N = 5928), and four similar
classes for deceased women (N = 4587): (1) ‘poor PF’
representing women with low PF scores, (2) ‘moderate PF’,
(3) ‘high PF’, and (4) ‘very high PF’, where scores
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remained very high. All patterns exhibited a decrease in PF
over time. Factors which predict low PF included sedentary
levels of exercise, obese and overweight BMI, difficulty
managing on income, and lower education.

Conclusions The results provided evidence for a gradual
decrease in PF for all women with age; however, there was
no evidence for an increased rate of decline prior to death.

Keywords Terminal decline - Healthy ageing - Latent
profile analysis - Physical Functioning

Introduction

The oldest old (aged 85 years and over) are the most
rapidly expanding population segment in developed coun-
tries [1]. Decline in physical function is a common char-
acteristic of older age, with important consequences for
health-related quality of life, healthcare utilisation, aged
care, and mortality [2, 3]. However, there is also potential
for people to age without disability, or with disability
‘compressed’ towards the end of life. It is of interest to
determine what proportions of oldest old are ageing
‘successfully’.

Rowe and Kahn [4] define successful ageing as having
low probability of disease and disease-related disability,
high cognitive and physical function capacity, and active
engagement with life. Two theories related to successful
ageing include ‘failure of success’, in which an increasing
proportion of individuals surviving to late age will also
have increased disability and disease, and an alternative
hypothesis that greater survival to the highest ages is
accompanied by postponement of physical and cognitive
disability (compression of morbidity) [1, 5]. Another the-
ory involves the notion of terminal decline, which proposes

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-016-1422-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-016-1422-3&amp;domain=pdf

982

Qual Life Res (2017) 26:981-991

that late life change is primarily driven by processes clo-
sely tied to pathology and mortality rather than chrono-
logical age [6]. Within this concept, late life consists of a
pre-terminal phase of relative stability or minor decline,
and a terminal phase of rapid decline that ends with death.
While these theories are not mutually exclusive, little is
known about the dominant patterns of change in physical
function in later life or in the period prior to death at older
ages. A 2009 review found evidence that people are living
longer than they did previously, and with less disability and
fewer functional limitations [1]. For the young old
(<85 years), evidence suggests a postponement of limita-
tions and disabilities, despite a rise in chronic disease and
conditions [1]. However, for the oldest old (>85 years), the
evidence is less clear, especially since the data are sparse
and inconsistent [1]. Some studies report no increase in
physical and cognitive disability level [7], while others
suggest the oldest old have worse health than their prede-
cessors, and that increased survival is associated with
increasingly worse health [8]. A recent analysis of several
studies from different countries showed mixed results as to
age-related patterns of disability, particularly at oldest ages
where there are little data [9]. Other studies have also
shown large variation in individual patterns of change in
physical functioning [10]. Hsu and Jones [11] uncovered
four groups of ageing trajectories in a cohort aged 60 and
over: successful ageing, usual ageing, health declining, and
care demanding. They also found that a higher percentage
of the younger old were likely to belong to the successful
ageing group than the oldest old (85 years or over).
Beckett, Brock [12] found a faster estimated rate of decline
in the period prior to death. However, few of these studies
focus solely on the very old. It is important to develop a
greater understanding of changes in physical functioning at
oldest ages, and towards the end of life, with implications
for planning public health, social and aged care.
Investigating change in physical functioning across
advanced old ages in women is especially important, given
that women have greater longevity than men, higher rates
of disability [13], and make greater use of health services
throughout their adult lives [1, 13]. Women are also less
likely to recover from disability than men [12]. Longitu-
dinal investigation is also important, since studies have
shown that the average rate of functional decline tends to
be greater than that predicted cross-sectional studies [12].
The Australian Longitudinal Study on Women’s Health
(ALSWH) provides a particular opportunity to examine
late life changes in physical functioning among a large
cohort of older women. The aim of this study is to identify
different patterns of change in physical functioning, with
the hypothesis that, compared to women who maintain high
levels of PF throughout later life, those who have worse
patterns of PF will have more chronic disease and worse
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health risk behaviours (high BMI, smoking, lower physical
activity), after adjusting for sociodemographic factors. To
investigate the possibility of terminal decline, separate
analyses were conducted for women who survived the first
six studies, and those who died.

Methods
Data

Data were from the 1921-26 birth cohort of the ALSWH.
Women were sampled from the Medicare Australia data-
base and invited to complete the baseline postal survey in
1996. Further details on the cohort have been published
elsewhere [14]. This paper presents data collected for
women who completed the baseline survey in 1996 (Survey
1—aged 70-75 years) and at least two three-yearly follow-
up surveys (1999, 73-78 years), (2002, 76-81 years),
(2005, 79-84 years), (2008, 82-87 years), and (2011,
85-90 years). Women may also have completed 6 monthly
follow-up between 2011 and 2014 (aged 85-93 years).
Women were described as survivors if they were still alive
at the end of October 2012.

At each survey women completed the Medical Out-
comes Study 36-item Short Form Health Survey version 1
(SF-36 Australian version) [15] which includes the physi-
cal function subscale (PF). PF includes ten items assessing
a hierarchical range of difficulties on activities such as
walking, climbing stairs, and carrying groceries and has
been shown to exhibit internal consistency and convergent
validity in for older community-dwelling adults [16].
Scores range from 0 to 100, with higher scores reflecting
better physical functioning. The PF subscale has been
shown to be an effective measure in older populations
[17-19]. The PF subscale was chosen because it is a sub-
scale which encapsulates vital activities of daily living
(ADL) functioning which is likely to decline with age.

Surveys also include questions on marital status, edu-
cation, area of residence, smoking, difficulty managing on
income, and education. Body Mass Index (BMI) was cal-
culated from self-reported weight and height and classified
according to the World Health Organization categories
[20], where BMI <18.5 was classified as underweight, BMI
>18.5 and <25 as normal weight, BMI >25 and<30 as
overweight, and BMI >30 was classified as obese. Exercise
status was determined based on reported levels of activity,
and women were classified as having either sedentary, low,
moderate, or high physical activity levels based on esti-
mated met:mins [21]. Women also self-reported diagnosed
medical conditions including diabetes, arthritis, heart dis-
ease, hypertension, asthma, bronchitis/emphysema, stroke,
osteoporosis, cancer (other than non-melanocytic skin
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cancer). All covariates were measured at baseline (except
exercise status and arthritis, which were not asked until
survey (2). A comorbidity count was created for each
chronic disease, calculated as the reported number of other
chronic conditions other than the disease of interest. Deaths
were ascertained from the National Death Index [22].

Statistical analysis

Latent profile analysis (LPA) [23] was conducted using
MPLUS [24] to uncover latent patterns of change (classes)
in PF scores in two separate subsets of the data, over five
surveys. The first data set (N = 5928) consisted of women
who were still alive at Survey 6, and who had PF scores for
at least two of Surveys 2-6. The second data set
(N = 4587) consisted of deceased women who had non-
missing PF scores for at least two out of the five most
recent surveys (prior to death). Survey 1 was not included
for the survivors to ensure a similar average length of
longitudinal observation time to the deceased group. A
sensitivity analysis was conducted including baseline
observations for the survivor group, to confirm that this
additional time point did not influence the findings.
Between one and eight classes were trialled for each group
of women, comparing models with equal and unequal
variances for the PF scores across the classes. The ‘best’
model was chosen using the Bayesian information criterion
[25], entropy (a measure of the degree of separation
between the classes) [26], and the adjusted likelihood ratio
test (LRT) [25], as well as the interpretability of the final
classes and parsimony.

Conditional LPA was then conducted via one-step
regression, which allows for estimation of covariate
effects while simultaneously allowing the covariates to
influence class membership. This approach also enables
missing data on the covariates to be handled using full
information maximum likelihood (FIML) estimation,
assuming the missing values are missing at random
(MAR). Covariates included in the conditional LPA were
area of residence, BMI, difficulty managing on income,
education, exercise status, marital status, smoking status,
and whether or not a proxy completed the survey on the
participant’s behalf. Time between the last returned survey
and death was also included for the deceased group.
Baseline age was initially included, but dropped from the
models as it led to model non-identification. Class
assignment between the adjusted (conditional) and unad-
justed LPA models was cross-tabulated for each group, to
investigate any change in latent class membership after
covariate adjustment. Missing data due to death and non-
death attrition were also estimated at each survey point,
and the Satterthwaite ¢ test (assuming unequal variances

for the two groups) was applied to check for bias due to
non-death attrition at Survey 3 and Survey 6.

In order to estimate the effects of each chronic disease on
class membership, three-step multinomial regression models
were performed. The conditional latent classes were
regressed on each disease, adjusted for comorbidity count.

Finally, the leading causes of death were identified for
each of the (unadjusted) latent patterns for the deceased
group. A post hoc analysis was conducted for the survivor
group, estimating mean PF scores at all subsequent 6
monthly follow-up (6MF) surveys. Multiple imputation
was utilised to fill in missing 6MF scores for surviving
women [27], using SAS Proc MI and Proc MIANALYZE
[28].

Results

A total of 12 432 women completed the baseline survey in
1996. Between 1996 and 2011, 5962 women died, and
4587 of these women had PF data for at least two surveys
prior to death. The average time between death and the
most recent survey in the deceased group was 3.9 years
(std. 3.2 years). A total of 6470 women survived, and 5928
of these women completed at least two surveys between
1999 (Survey 2) and 2011 (Survey 6). Baseline character-
istics for each group are displayed in Table 1.

The PF scale was answered well by the women in the
study, and the Cronbach’s alpha for the PF scale at baseline
was 0.91. Missing data rates for the PF scale were mostly
due to cohort attrition (Table 1). Missingness due to death
was assumed a priori to be missing not at random (NMAR),
and this was accounted for analysing deceased and sur-
viving women separately. Missing not due to death was
assumed to be MAR for the LPA. However, a check for
bias due to non-death attrition at Survey 3 showed a sig-
nificant difference in Mean (and 95 % CI) baseline PF
scores for S3 respondents [66.57 (66.04, 67.09)] and non-
respondents [58.32 (57.21, 59.42)] with Satterthwaite ¢ test

Table 1 Missing PF data across surveys 1-6

Answered Missing® Dead
Survey 1 11,712 (94.2 %) 720 (5.8 %) -
Survey 2 10,298 (82.8 %) 1533 (123 %) 601 (4.8 %)
Survey 3 8078 (65.0 %) 2969 (23.9 %) 1385 (11.1 %)
Survey 4 6775 (54.5 %) 3199 (25.7 %) 2458 (19.8 %)
Survey 5 5267 (42.4 %) 3327 (26.8 %) 3838 (30.9 %)
Survey 6 3802 (30.6 %) 3475 (28.0 %) 5155 (41.5 %)

* Missing due to survey non-response (withdrawn, loss to follow-up,
etc.) or question non-response

@ Springer



984 Qual Life Res (2017) 26:981-991

statistic —13.21 and p < 0.0001. At Survey 6, these dif-
ferences in baseline PF were 70.42 (69.73, 71.11) and
65.20 (64.34, 66.05) Satterthwaite t test statistic —9.33,
and p < 0.0001.

For both groups of women, a four class model that
described the latent pattern of change in PF was selected
(Table 2). These groups are displayed in Fig. 1 (deceased
group) and Fig. 2 (survivor group). The first pattern in each
group represents women with low PF scores (17 and 15 %
of women for the deceased and survivor group, respec-
tively), indicating poor physical functioning which worsens
over time. The second pattern is ‘moderate’ PF (41 and
38 % of women for the deceased and survivor group,
respectively), with scores beginning around 60 and
decreasing over time to around the level of functioning that
the low PF class started with. The third pattern is high PF
(31 and 33 % of women for the deceased and survivor
group, respectively). Women in this class have scores that
start in the 80s, but decrease over time to below the level of
functioning that the moderate PF class started with. Finally,
the fourth pattern is very high PF (11 and 14 % of women
for the deceased and survivor group, respectively), with
women scoring very high on PF across all time points,
although for the survivors there was a small decrease by
Survey 6. The variance of the PF scores (Table 1) increased
over time for the moderate, high and very high patterns of
change. Model entropy for the deceased group was 0.79, and
for the survivor group was 0.77. The class structure of the
adjusted LPA models was very similar to the unadjusted,
with no clinically significant changes in their meaning.
Table 3 shows cross-tabulation between class membership
in the unadjusted versus the adjusted LPA for the deceased
and surviving women, demonstrating only small changes in
class membership after the covariates were added.

Results for the adjusted LPA models are presented in
Table 4. Exercise status was the strongest predictor of
latent PF class for the survivors group. Those in the ‘high’
exercise class (compared to sedentary women) had an odds
ratio (OR) of only 0.04 (95 % CI 0.02, 0.06) for belonging
to the low PF class compared to the very high PF class. In
fact, compared to sedentary women, even women who
reported ‘low’ levels of exercise were much better off,
being 81 % less likely to belong to the low PF class than
the very high PF class. BMI was also a very strong pre-
dictor of latent PF class for surviving women. Compared to
normal weight women, overweight and obese women more
likely to belong to any PF class compared to the very high
PF class. In particular, obese women had an OR 26.21
(95 % CI 15.06, 45.63) of belonging to the low PF class,
and overweight women had an OR 5.02 (95 % CI 3.68,
6.86). Being underweight, however, was not a predictor of
latent PF class. Compared to non-smokers survivors, being
an ex-smoker was not a significant for predictor of latent

72.3
81.0(78.7,83.3)
180.1

45.1
88.4(86.5,90.3)

31.3
91.6(90.4,92.8)

(N = 839/14.2 %)
34.2
92.8(91.9,93.7)

Very high
92.0(91.3,92.7)

120.2
78.8(77.1,80.5)

116.3

73.6(71.6,75.6)
156.8

62.4(59.7,65.1)
479.4

331.3
52.5(49.9,55.1)

High (V = 1936/
80.2(78.7,81.7)

365.0
46.0(43.0,49.0)
417.1
33.9(31.5,36.3)
424.6

378.3
40.4(37.9,42.9)

351.4

(N = 2245/37.9 %) 327 %)
54.8(51.8,57.8)

Moderate
61.6(59.3,63.9)

15.3 %)
237.7

19.3(16.7,21.9)
179.5

15.1(13.1,17.1)
117.9

11.9(9.9,13.9)
79.6

359.8
24.6(21.8,27.4)

Low (N = 908/
36.0(32.6,39.4)

Survey Survivors

2
3
4
6

26.8
91.3(90.0,92.6) 44 5
84.7

31.2
92.2(91.1,93.3)

(N = 493/10.7 %)
92.8(90.9,94.7)
32.9
92.6(91.2,94.0)
88.1(86.4,89.8)

Very high

109.8
77.6(76.2,79.0)

137.8
77.1(69.1,73.1)

208.0
57.5(55.1,59.9)
622.2

101.4
81.9(80.5,83.3)

High (N = 1433/
83.3(81.5,85.1)

(N = 1863/40.7 %) 31.2 %)

356.4

56.1(54.0,58.2)
369.9

49.2(47.1,51.3)
376.6

34.8(32.9,36.7)
527.5

388.1
40.9(38.9,42.9)

Moderate
60.7(58.5,62.9)

175.1

14.1(12.8,15.4)
98.9

8.9(7.7,10.1)
69.7

287.3
20.6(18.8,22.4)

391.6
29.0(26.3,31.7)

Low (N = 798/
36.0(32.3,39.7)

Deceased
17.4 %)

Table 2 Item mean PF (95 % CI) and variance for latent patterns in each group

Italic values refer to variance

Surveys prior
to death
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Fig. 1 Estimated physical
function (PF) score for each
latent class (unadjusted) at each
time point for the deceased
subgroup, and 95 % confidence 80
intervals around these means
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Fig. 2 Estimated physical
function (PF) score for each
latent class (unadjusted) at each
time point for the survivor
subgroup, and 95 % confidence 80
intervals around these means

100

90

70

60

50

40

30

SF36 Physical Functioin Score

20

10

Latent Class of Physical Functioin - Survivors

= Low PF (N=908; 15%)

= = High PF (N=1936; 33%)
Moderate PF (N=2245; 38%)
= = Very high PF (N=839; 14%)

Survey

Table 3 Cross-tabs comparing unadjusted and adjusted LCA for deceased and surviving women

Unadjusted LPA Survivors adjusted LPA

Deceased adjusted LPA

Low Moderate High Very high Low Moderate High Very high
Low 790 118 0 0 746 52 0 0
Moderate 43 2118 84 0 39 1777 47 0
High 0 66 1839 31 0 73 1340 20
Very high 0 1 29 809 0 0 10 483

PF class membership; however, smokers were almost three
times more likely (OR 2.93, 95 % CI 1.55, 5.53) to belong
to the low PF class, and also more likely to belong to the
moderate PF class, than the very high PF class. Surviving
women who reported having a proxy fill out their survey
were four times more likely than women who did not use a
proxy (OR 4.40, 95 % CI 1.43, 13.49) to belong to the low

than very high PF class. Greater levels of education were
generally associated with better physical functioning for
survivors, and surviving women who reported no difficulty
managing on income were less likely to belong to the low
or moderate PF classes. Finally, ARIA was non-significant,
and marital status was weakly significant, in predicting PF
class for the survivor group.
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Table 4 Odds Ratios (and 95 % CIs) for baseline” covariate adjusted LCA one-step multinomial regressions

Survivors Deceased
Low PF Moderate PF High PF Low PF Moderate PF High PF
Married/De facto Ref Ref Ref Ref Ref Ref

Separated/Divorced

Widowed
Never married
No education
SC/HSC
Trade/Diploma
Higher education
Normal weight
Underweight
Overweight
Obese
Non-smoker
Ex-smoker
Current smoker
Income—No
Income—Yes
Major city
Inner regional

Outer regional

Remote/ Very remote

Proxy—No
Proxy—Yes
Sedentary

Low exercise

Moderate exercise

High exercise
Time to death

1.66 (0.95, 2.89)
1.48 (1.13, 1.93)
1.92 (0.86, 4.31)
Ref

0.73 (0.55, 0.98)
0.49 (0.32, 0.76)
0.38 (0.20, 0.72)
Ref

1.09 (0.45, 2.56)
5.02 (3.68, 6.86)

26.21 (15.06, 45.63)

Ref

1.09 (0.82, 1.46)
2.93 (1.55,5.53)
Ref

0.47 (0.35, 0.63)
Ref

0.91 (0.69, 1.19)
0.81 (0.58, 1.14)
1.03 (0.36, 2.99)
Ref

4.40 (1.43, 13.49)
Ref

0.19 (0.13, 0.29)
0.10 (0.07, 0.16)
0.04 (0.02, 0.06)
NA

1.39 (0.89, 2.17)
1.13 (0.92, 1.40)
1.45 (0.79, 2.66)
Ref

0.87 (0.69, 1.09)
0.69 (0.51, 0.95)
0.41 (0.26, 0.64)
Ref

0.53 (0.27, 1.01)
3.07 (2.44, 3.87)
8.43 (5.01, 4.19)
Ref

1.14 (0.91, 1.42)
1.77 (1.02, 3.10)
Ref

0.69 (0.54, 0.88)
Ref

0.95 (0.77, 1.17)
0.87 (0.67, 1.13)
2.00 (0.84, 4.76)
Ref

2.38 (0.83, 6.84)
Ref

0.51 (0.36, 0.71)
0.29 (0.20, 0.42)
0.17 (0.12, 0.25)
NA

1.22 (0.76, 1.97)
1.19 (0.95, 1.48)
1.26 (0.67, 2.35)
Ref

1.06 (0.83, 1.37)
0.98 (0.71, 1.36)
0.83 (0.54, 1.29)
Ref

0.89 (0.50, 1.59)
1.90 (1.49, 2.43)
2.23 (1.26, 3.94)
Ref

1.10 (0.88, 1.37)
1.57 (0.89, 2.77)
Ref

0.93 (0.72, 1.21)
Ref

0.98 (0.79, 1.22)
0.92 (0.70, 1.20)
1.67 (0.69, 4.15)
Ref

0.63 (0.17, 2.34)
Ref

0.75 (0.52, 1.08)
0.62 (0.43, 0.91)
0.45 (0.31, 0.64)
NA

1.12 (0.56, 2.23)
1.03 (0.75, 1.41)
0.82 (0.32, 2.09)
Ref

0.85 (0.61, 1.19)
0.91 (0.52, 1.59)
0.42 (0.16, 1.06)
Ref

0.83 (0.40, 1.76)
2.59 (1.80,3.73)

18.59 (9.05, 38.21)

Ref
2.60 (1.86, 3.62)
1.03 (0.59, 1.82)
Ref
0.26 (0.18, 0.38)
Ref
1.04 (0.75, 1.44)
0.85 (0.56, 1.30)
0.40 (0.12, 0.30)
Ref
2.08 (0.98, 4.42)
Ref
0.10 (0.06, 0.17)
0.05 (0.03, 0.01)
0.02 (0.01, 0.03)
0.74 (0.70, 0.78)

1.23 (0.72, 2.30)
0.96 (0.73, 1.24)
0.73 (0.37, 1.42)
Ref

0.93 (0.70, 1.22)
1.08 (0.68, 1.73)
0.59 (0.32, 1.10)
Ref

0.73 (0.44, 1.24)
1.88 (1.41, 2.51)
6.56 (3.33, 12.94)
Ref

1.36 (1.03, 1.79)
1.29 (0.81, 2.04)
Ref

0.50 (0.36, 0.69)
Ref

1.10 (0.84, 1.44)
1.00 (0.71, 1.42)
1.00 (0.38, 2.62)
Ref

1.12 (0.56, 2.26)
Ref

0.34 (0.22, 0.52)
0.18 (0.11, 0.29)
0.10 (0.06, 0.15)
0.84 (0.81, 0.87)

0.83 (0.44, 1.55)
0.86 (0.66, 1.14)
0.69 (0.36, 1.34)
Ref

0.99 (0.74, 1.32)
1.21 (0.74, 1.98)
0.81 (0.44, 1.48)
Ref

0.65 (0.38, 1.14)
1.11 (0.82, 1.51)
1.88 (0.88,4.04)
Ref

0.96 (0.72, 1.27)
1.14 (0.70, 1.85)
Ref

0.66 (0.46, 0.94)
Ref

1.05 (0.80, 1.38)
0.88 (0.61, 1.28)
1.06 (0.38, 2.93)
Ref

0.55 (0.23, 1.35)
Ref

0.71 (0.45, 1.13)
0.58 (0.36, 0.96)
0.34(0.22, 0.54)
0.91 (0.87, 0.95)

PF physical function, reference class = ‘very high PF’, ‘Income—No’ = difficulty managing on income, ‘Income—Yes’ = no difficulty

managing on income

 physical activity group not measured until survey 2

Exercise status was the strongest predictor of latent PF
class membership in the deceased group; however, the OR
point estimates for these women were smaller than for the
survivors. Those in the ‘high’ exercise class (compared to
sedentary women) had OR 0.02 (95 % CI 001, 0.03) for
belonging to the low PF class compared to the very high PF
class. Again, even low levels of exercise were beneficial in
comparison with being sedentary, reducing the odds of
belonging to the low or moderate PF class compared to the
very high PF class. BMI was also a strong predictor in the
deceased group, and again the effect size was not as large
as for the survivors. Compared to those of normal weight,
overweight women had OR 2.59 (95 % CI 1.8, 3.73) and
obese women had OR 18.59 (95 % CI 9.05, 38.21) for
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belonging to the low PF class compared to the very high PF
class. Unlike the survivors, ex-smokers were significantly
more likely to belong to the low PF and moderate PF class
than the very high PF class, but the effect for smokers was
non-significant. Deceased women who reported no diffi-
culty managing on income were less likely to belong to the
low, moderate, or high PF classes compared to women who
reported difficulty managing on income. Area of residence,
marital status, education, and use of a proxy were not
significant for the deceased women. Finally, each year
increase in time between the final returned survey and
death was associated with decreased odds of belonging to
the low, moderate, and high PF classes compared to the
very high PF class for the deceased group.
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Table 5 displays the results for the separate multinomial
regression models performed for each chronic disease
(adjusted of comorbidity count), for both groups of women.
Compared to women without arthritis, having arthritis was
the strongest predictor of belonging to the low PF class
compared to the very high PF class, for both survivors (OR
11.1, 95 % CI 8.23, 14.98) and deceased women (OR 7.46,
95 % CI 5.43, 10.43). The ORs were also significant, but
smaller in magnitude, for the moderate and high PF classes,
and in each case the effect size was larger in the survivor
group. Stroke, osteoporosis, and heart disease were the next
largest associations, with ORs of between 4 and 5 for
belonging to the low PF class—in each case the effect size
was larger for the deceased group. Having these diseases
was also associated with greater, but smaller, odds of
belonging to the moderate and high PF classes. In
descending order, the remaining significant effects for
belonging to the low PF class were diabetes, hypertension,
bronchitis/emphysema and asthma. Cancer was not sig-
nificant for the surviving group, but was associated with
greater odds of belonging to the low and moderate PF
classes in the deceased group.

The main causes of death were similar across all latent
patterns of change, with cancer (23.5 %), ischaemic heart
disease (18.5 %), cerebrovascular disease (11.1 %),

Alzheimer’s/dementia (6.4 %), and other heart disease
(5.9 %) being the top five causes overall (see Fig. 3).

Results of the post hoc analysis of the subsequent (post
Survey 6) PF scores for the survivors are displayed in
Table 6. The numbers of women in each six-month follow-
up (6MF) decrease due to death and other attrition, with an
additional 238 women having died by 6MF4. Scores for
women in the low PF pattern remain low, potentially
reflecting measurement floor. Scores for the moderate, high
and very PF patterns declined further over time, with scores
for women in the very high PF pattern now being closer to
the intercept for the moderate PF pattern.

Discussion

In this study, we utilised repeated measures latent profile
analysis, a longitudinal application of latent profile analysis
(LPA) to assess dominant patterns of change in PF scores
among a large cohort of women, including women who
died between the ages of 70-75 years and 85-90 years, and
women who survived to an older age. This approach allows
for investigation of latent longitudinal patterns [29-31] and
is therefore appropriate for identification of potential sub-
groups women with different patterns of change in physical

Table 5 Odds Ratios (and 95 % Cls) for adjusted LCA regressed on baseline disease in three-step multinomial regression models

Survivors Deceased
Low PF Moderate PF High PF Low PF Moderate PF High PF
Arthritis® 11.10 (8.23, 14.98) 5.17 (4.00, 6.68) 2.29 (1.74, 3.02) 7.46 (5.34, 10.43) 4.14 (3.02, 5.67) 1.90 (1.36, 2.65)
CcC 3.16 (2.72,3.66) 2.36 (2.06, 2.70) 1.54 (1.33, 1.78) 3.32(2.84, 3.89)  2.64 (2.30,3.03) 1.58 (1.35, 1.85)
Asthma 1.98 (1.25,3.11)  1.85(1.23,2.76) 1.50 (0.97,2.32) 2.92(1.71,4.96) 2.61 (1.56,4.36) 1.68 (0.97, 2.92)
CcC 4.27 (3.72,4.90)  2.93 (2.58,3.32) 1.69 (1.48,1.93) 3.74 (3.26, 4.30) 2.77 (2.42, 3.18) 1.60 (1.39, 1.84)
Bronchitis/emphysema  2.39 (1.63, 3.49)  1.60 (1.13, 2.26) 1.46 (1.01, 2.11) 2.53 (1.68, 3.83)  2.18 (1.47,3.23) 1.26 (0.82, 1.94)
CcC 4.22 (3.66, 4.86)  3.04 (2.67,3.46) 1.70 (1.48, 1.95) 3.82(3.33,4.38) 2.80 (2.44,3.22) 1.63 (1.42, 1.87)
Cancer 1.57 (0.95, 2.60)  1.40 (0.91, 2.13) 1.33 (0.85,2.07) 1.77 (1.06,2.95)  1.58 (1.01, 2.49) 1.22 (0.75, 2.00)
CcC 4.21 (3.66, 4.84)  2.94 (2.58,3.35) 1.72 (1.50, 1.97) 3.74 (3.26, 4.30)  2.80 (2.44,3.22) 1.63 (1.42, 1.87)
Diabetes 3.48 (1.91, 6.35)  2.72 (1.57,4.72) 1.27 (0.67,2.39) 2.89 (1.73,4.82)  2.10 (1.28, 3.43) 1.06 (0.61, 1.84)
CcC 4.02 (3.50, 4.61) 2.86(2.52,3.24) 1.73 (1.51,1.97) 3.67 (3.20, 4.21)  2.77 (2.42,3.18) 1.65 (1.44, 1.89)
Heart disease 492 (3.12,7.76)  3.23 (2.10,4.97) 1.46 (0.90, 2.37) 5.16 (3.21, 8.27)  4.01 (2.55, 6.32) 1.99 (1.22, 3.26)
CcC 3.83 (3.33,4.42) 2.78 (2.44,3.16) 1.72 (1.50, 1.97) 3.42(2.92,4.01) 2.66 (2.32,3.06) 1.58 (1.35, 1.85)
Hypertension 3.16 (2.46, 4.06)  2.48 (2.02,3.05) 1.51(1.21, 1.88) 2.44 (1.81,3.27) 2.23 (1.72, 2.88) 1.43 (1.09, 1.89)
CC 4.28 (3.65,5.02)  3.01 (2.60, 3.49) 1.79 (1.53, 2.10) 4.06 (3.46,4.75)  2.97 (2.54, 3.48) 1.70 (1.42, 2.03)
Osteoporosis 432 (291, 6.40)  3.30 (2.30, 4.74) 2.16 (1.46, 3.19) 5.26 (3.28, 8.44)  3.60 (2.29, 5.66) 2.32 (1.44, 3.72)
CcC 391 (3.39,4.52) 2.76 (2.42,3.15) 1.62 (1.41, 1.87) 3.49 (3.04,4.01) 2.66 (2.32, 3.06) 1.54 (1.34, 1.76)
Stroke 436 (1.59, 11.93) 3.55(1.39,9.08) 1.38 (0.46,4.11) 5.42(2.28, 12.89) 3.29 (1.41,7.67) 1.92 (0.77, 4.74)
CcC 3.99 (3.49, 4.58)  2.83 (2.50,3.21) 1.70 (1.49, 1.94) 3.56 (3.10, 4.10)  2.72 (2.37, 3.12) 1.60 (1.39, 1.84)

PF physical functioning, CC comorbidity count, reference class is ‘very high PF’

? Measured at survey 2
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Fig. 3 Top ten overall causes 100% -
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Table 6 Mean 6 monthly follow-up (6MF) PF scores (and 95 % CI) for women in the survivor group

High

Very high

Survey Latent pattern of change in physical functioning (unadjusted)
Low Moderate

6MF1  16.98 (15.22, 18.73); N = 907 32.44 (31.39, 33.51); N = 2244

6MF2  15.18 (13.43, 16.94); N = 899 30.99 (29.88, 32.10); N = 2230

6MF3  14.41 (12.51, 16.31); N = 854 29.28 (28.02, 30.54); N = 2119

6MF4  15.77 (13.59, 17.94); N = 756 29.44 (28.23, 30.65); N = 1948

49.05 (47.91,50.19); N = 1936
47.32 (46.03, 48.62); N = 1920

45.36 (44.10, 46.61); N = 1861
44.34 (42.95, 45.74); N = 1760

71.77 (69.99, 73.55); N = 838
71.08 (69.25, 72.91)

N = 837

67.52 (65.01, 70.03); N = 822
67.15 (64.76, 69.53); N = 770

functioning. Unlike other longitudinal models, such as
latent growth curve models, this repeated measures LPA
approach does not impose a priori a functional form to the
longitudinal trajectory. Rather it allows the change to be
modelled in whatever form it naturally occurs in each
latent class [23]. Using this approach, four latent patterns
of change in PF were identified in each group of women,
most characterised by a decrease in PF scores over time,
although some women maintained very high scores.

The patterns of change described were not that different
between deceased and surviving women. As such, there
was no evidence within this cohort of a ‘terminal decline’
where one would expect PF trajectories to decline more
steeply for the deceased group than for the survivors.
Rather, our results provide evidence for a gradual decline
in PF for all women. The post hoc analysis further supports
this, in that for the survivor group the average PF scores
within each pattern continued to decrease over time.
Botoseneanu [32] similarly studied a large cohort of men
and women, stratifying analyses according to survival and
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found a nonlinear declining trajectory of physical function
scores. They found that women who survived longer had a
higher intercept for measures of function, similar to this
study. However, unlike this study, the women with shorter
survival times also had a steeper decline in function.
Gerstorf and Ram state that there is a need to examine
whether and how ‘terminal-like declines’ turn into true
terminal decline, and how people transition from a
‘preterminal phase of relative stability into a terminal phase
of rapid decline that ends with death’ [6]. This transition
may occur 2-8 years prior to death (in the case of cognitive
decline) [33, 34], or 3-5 years for decline in well-being
[35]. In our data, the observed patterns of decline were
steady over time and similar for both subgroups of women,
and thus provided no evidence of a transition to terminal
decline. However, it is possible that the 3-yearly survey
intervals were not sufficiently close in time to capture such
a transition. As more 6 monthly survey waves become
available, future work will further investigate the possi-
bility of terminal transition. A further limitation in our data
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is that women who were most frail may be less likely to
complete later surveys. This non-death attrition should be
considered when interpreting the results.

Another theory relative to QoL in older persons is
‘compression of morbidity’, where healthy life expectancy
increases relative to life expectancy, and morbidity is
therefore confined to a shorter period with less lifetime
disability [5, 36]. This compression is desirable since it
implies that older people will spend a greater proportion of
their remaining years in good health. In regard to investi-
gating the existence of such compression, Fries states that
‘there is a lack of good data on the “quality of life,” and
efforts at systematic accumulation of such data must be
accelerated’ and that ‘studies need to identify and quanti-
tate inter-individual variation for specific marker variables
at particular ages’ [5]. The current study addresses both of
these points. The presence of the ‘high’ and ‘very high’ PF
classes for both the deceased and survivor groups shows
that, at least for some older women, a compression of
morbidity has occurred. These women began the study with
good physical function (aged 70-75 years) and maintained
very high or high levels through to age 85-90 years.
However, the presence of the low PF class demonstrates
that there is also a subgroup of the population for whom
compression of morbidity does not occur. These women
entered the study with poor physical functioning and
remained so for the duration of the study. This class was
present in the survivors as well as the deceased group,
demonstrating that the morbidity was not merely an indi-
cator of terminal decline, but a long-term state of poor
health across 15 years. Fries states that the policy impli-
cations of morbidity compression are that health enhance-
ment programs should begin early and continue throughout
adult life, and that ageing programs directed only at the
aged will have less impact than those addressing the same
problems earlier in life [5]. We suggest such programs
should be tailored to different subpopulations: aiming to
maintain good health for those who have not yet experi-
enced morbidity, and aiming to reverse poor health in those
with morbidity (since for some of these women, at least,
this morbidity may last for over a decade).

The reduction in PF over time evident in all groups of
women is an important finding. In order to achieve suc-
cessful ageing, functional status needs to be maximised,
and even ‘modest reductions in the capacity to perform
physical functions may prevent full participation in pro-
ductive and recreational activities of daily life’ [4]. Factors
that predicted low patterns of change in PF in this study
included sedentary levels of exercise, obese and over-
weight BMI, difficulty managing on income, and lower
education. These results reflect other findings in the liter-
ature. A study by Xu et al. [37.] of adults aged 65 years and
older in the United States Health and Retirement Survey

found that lower education, income, and net worth were
associated with health trajectories characterised by
impairment or rapid deterioration. Of the significant fac-
tors, the variables most readily changed via intervention
are BMI and exercise. Our results suggest that even low
levels of exercise, compared to being sedentary, may be
beneficial for older women. However, the direction of this
association would merit further investigation—it may also
be the case that low physical function causes women to
become sedentary. Older women should also be encour-
aged to maintain a healthy BMI, with attention to nutrition,
physical activity, and maintenance of lean body mass.
Healthy weight and maintenance of physical activity are
also important for prevention of arthritis [38] which was
the condition with the strongest effect on PF classes.
Smoking was a significant factor in both the survivor and
decedents group with continued smoking being more
important to survivors, and ex-smoking being important
among the decedents. Smoking is a very strong risk factor
for earlier death among these women, whereas the mor-
tality effect for ex-smokers decreased with the length of
time since quitting [39]. Difficulty managing on income
may reflect both financial resources, and more general
socio-economic disadvantage. Along with the result for
education, this finding indicates a need to focus on lower
socio-economic groups and to ensure adequate financial
support (e.g. pensions, and medical insurance) as these
women age.

The ALSWH is a large long running study with good
external validity. A comparison with the 1996 Australian
Census indicates women who returned S1 were roughly
representative of similar aged women in the Australian
population [40]. Ongoing comparisons of the cohort
against the national population suggest that the cohort is a
good representation of older women, although there are
some biases. Compared to the general population, women
in the ALSWH cohort have had a relative survival
advantage of 95 % (95 % confidence interval,
8.3-10.7 %), mainly due to baseline differences in demo-
graphic characteristics and health behaviours [41], and are
unlikely to affect measures of association [42]. The results
of the study are largely generalisable to Australian women
in these age ranges.

However, against these strengths, non-death attrition
and missing PF data are limitations of this study. Missing
PF data due to death are likely to be not missing at random
(NMAR); however, this was dealt with by performing the
analysis separately for deceased and surviving women. We
assumed that the remaining missing PF data were MAR.
However, assessment of bias due to attrition demonstrated
that non-respondents at Surveys 3 and 6 have different PF
scores at baseline compared to respondents. If we were to
investigate the PF score in a cross-sectional analysis, then
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the MAR assumption is unlikely to be plausible. However,
simultaneously including all previous measures of PF in
the LPA models, as well as including other covariates
which likely also predict missing PF data (e.g. area of
residence, BMI, education, exercise group, marital status,
managing on income, smoking status, and use of a proxy)
in the one-step regressions, diminishes the effect of bias of
missing PF data on class membership. The model
assumption that missing PF values are MAR then become
more plausible—and therefore we are satisfied that we
have dealt with missing PF values appropriately.

Given this long and steady decrease in PF scores over
many years, the results of this study suggest an opportunity
to potentially prevent this decline. A number of studies
have shown that preventive activities for older people can
reduce functional decline [43]. Important points for inter-
vention identified in this study include maintenance of
physical activity and healthy BMI, and prevention and
management of chronic conditions such as stroke. The
results also demonstrate an ongoing need to support women
with reduced functional capacity.

Conclusion

This study identifies different patterns of change in phys-
ical functioning among a large cohort of older women over
a long follow-up period. Most women will experience
some decline in PF as they age. However, we also identify
a group of women whose PF remains higher over time. The
results highlight the importance of physical activity and
maintenance of healthy weight to minimise decline in PF,
and the need to focus on particular risk groups.
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