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Abstract

Background

Little is known about patterns of associative multimorbidity and their aetiology.
We aimed to identify patterns of associative multimorbidity among mid-aged women and
the lifestyle and socioeconomic factors associated with their development.

Methods

Participants were from the Australian Longitudinal Study on Women’s Health. We included
4896 women born 1946-51, without multimorbidity in 1998. We identified multimorbidity
patterns at survey 6 (2010) using factor analysis, and related these patterns to baseline life-
style and socioeconomic factors using logistic regression. We dichotomised factor scores
and determined odds ratios (ORs) with 95% confidence intervals (Cls) for associations
between characteristics and odds of a high versus low factor score.

Results

We identified five multimorbidity patterns: psychosomatic; musculoskeletal; cardiometa-
bolic; cancer; and respiratory. Overweight and obesity were respectively associated with
increased odds of having a high score for the musculoskeletal (adjusted ORs 1.45 [95% CI
1.23, 1.70]and 2.14 [95% CI 1.75, 2.60]) and cardiometabolic (adjusted ORs 1.53 [95% CI
1.31,1.79]and 2.46 [95% CI 2.02, 2.98]) patterns. Physical inactivity was associated with
increased odds of a high score for the psychosomatic, musculoskeletal and cancer patterns
(adjusted ORs 1.41[95% CI 1.13, 1.76]; 1.39 [95% CI 1.11, 1.74]; and 1.35 [95% CI 1.08,
1.69]). Smoking was associated with increased odds of a high score for the respiratory pat-
tern. Education and ability to manage on income were associated with increased odds of a
high score for the psychosomatic pattern (adjusted ORs 1.34 [95% CI 1.03, 1.75] and 1.73
[95% CI1 1.37, 1.28], respectively) and musculoskeletal pattern (adjusted ORs 1.43 [95% CI
1.10, 1.87]and 1.38 [1.09, 1.75], respectively).
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Conclusions

Distinct multimorbidity patterns can be identified among mid-aged women. Social inequality,
physical activity and BMI are risk factors common to multiple patterns and are appropriate
targets for reducing the risk of specific multimorbidity groups in mid-life women.

Introduction

As the ageing population continues to grow worldwide and the prevalence of chronic disease
increases [1-3], especially in low and middle income countries as a result of the epidemiologi-
cal transition, multimorbidity—the co-existence of multiple chronic diseases—has become an
important public health issue. Of particular concern is the growing burden of multimorbidity
among mid-aged adults [4, 5]. The individual, population and economic impact of individuals
living for longer but with more co-existing diseases from a younger age highlights the need for
a better understanding of the natural history of multimorbidity.

In particular, the manner in which chronic disease conditions cluster remains poorly
understood, but has been increasingly studied in the past five years. A recent review identified
14 studies that aimed to identify patterns of associative multimorbidity, that is, non-random
association between diseases [6]. However, just four of these studies were population-based
[7-10], only two of which included individuals aged younger than 65 years [7, 10]. The
remaining studies included selected study populations, with individuals identified from hos-
pital admissions or outpatient clinics, Veterans networks or employee records [6], which lim-
its representation of the general population. Despite variation in observed disease clusters
across studies, three patterns did consistently emerge, reflecting the clustering of cardiovas-
cular and metabolic syndrome-related diseases, mental health conditions and musculoskele-
tal disorders. Furthermore, as with most of the literature on multimorbidity to date, the
majority of identified studies included adults aged over 65 years, and few distinguished
between men and women. Given the marked public health burden of multimorbidity among
working-age older adults, there is a need to better understand the epidemiology of multimor-
bidity within this younger age group. Furthermore, gender differences are likely to exist. In
particular, the post-menopausal health trajectories specific to women support the need for
the separate study of multimorbidity and its determinants among this particular demo-
graphic group.

Identification of multimorbidity patterns is useful for a number of reasons. These include
the generation of hypotheses regarding common antecedents or disease pathways, improved
prevention and management, and prediction of health-care use and adverse health outcomes.
To date, little attention has been given to the determinants of multimorbidity in general [11].
Specifically, to our knowledge, no study has sought to examine the lifestyle and socioeconomic
factors associated with subsequent multimorbidity patterns. This may shed further light on our
understanding of why certain diseases cluster and may help inform the prevention of
multimorbidity.

We therefore sought to ascertain patterns of associative multimorbidity in a cohort of mid-
aged women and to identify the associations between lifestyle and socioeconomic factors at
baseline with the subsequent development of these multimorbidity patterns.
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Methods
Study setting

Participants were from the Australian Longitudinal Study on Women’s Health (ALSWH), a
national population-based study of women born in 1921-26, 1946-51 and 1973-78. Women
were randomly selected from the Medicare database, which covers all citizens and permanent
residents of Australia, including refugees and immigrants. Women born in 1946-51 were sur-
veyed using self-administered questionnaires in 1996 (survey 1, S1), 1998 (survey 2, S2), and
every three years thereafter until 2010 (S6). Full details of recruitment and response rates are
reported elsewhere [12]. In accordance with the Declaration of Helsinki, ethical approval for
the ALSWH was obtained from the Universities of Newcastle and Queensland Research Ethics
Committees and all participants gave informed consent to be included in the study.

Study population

We included women from the 1946-51 cohort, which recruited 13,715 women aged 45-50 at
S1, 12,338 (90%) of whom returned S2 and 10,011 (73%) returned S6. The prevalence of some
chronic diseases and of multiple co-existing conditions reported in S1 was higher than in the
subsequent survey, which may be due to a telescoping effect. At S1 women may also have
reported on conditions that were historical, rather than chronic, such as pregnancy-related
hypertension or gestational diabetes. We therefore relied on information reported at S2 on dis-
ease occurrence and treatment in the last two years to identify women with fewer than two
reported diseases at baseline. For the purpose of this study we therefore included women free
from multimorbidity at S2 who returned Sé6.

Exposures

Lifestyle exposure variables were derived from information provided at S2. Smoking was classi-
fied as never, ex-smoker or current smoker. Body mass index (kg/m?) was computed as self-
reported weight (kg)/height (m?), and subsequently categorised into underweight (<18.5 kg/
m?), normal weight (18.5-24.9 kg/mz), overweight (25-29.9 kg/mz) or obese (> 30 kg/mz). At
S2 physical activity was assessed using a modified (self-report) version of the Active Australia
Physical Activity Survey.[12, 13] The women were asked to report frequency and total duration
of walking, moderate, and vigorous intensity leisure time physical activity during the last week.
A physical activity score in metabolic equivalent (MET) minutes per week was derived using the
following formula: MET min/week = (walking minutes * 3.5 METs) + (moderate minutes * 4.0
METSs) + (vigorous minutes * 7.5 METs). Physical activity was categorized as sedentary (0-39
MET min/week), low (40-599 MET min/week), moderate (600-1199 MET min/week) and high
(> 1200 MET min/week). Alcohol intake was defined in light of the Australian National Health
and Medical Research Council (NHMRC) guidelines with ‘Risky drinkers’ (15 to 28 drinks per
week) and ‘High risk drinkers’ (more than 28 drinks per week) categorised accordingly.[14]
Given the low frequency of high risk drinkers, the latter two groups were combined for analyses.
For women identified as low risk by the NHMRC guidelines, we separately categorised women
who reported that they drink only rarely (any alcohol consumption less than once a month) and
non-drinkers, with the remainder classified as low-risk drinkers (up to 14 drinks per week).
Socioeconomic position (SEP) was determined using a range of measures collected at S1
(education and occupation) or S2 (manage on income and area-based deprivation). Education
level was classified as high (university degree or diploma), middle (trade/apprenticeship or
high school qualification(s)) or low (no formal qualifications) and own occupation was catego-
rised as high (manager/professional/paraprofessional), middle (trade/administrative service)
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or low (manual worker). For completeness, a fourth category of women who reported having
never worked or having an ‘other’ occupation was included. Women were also asked how well
they managed on their income and could respond ‘easy’, ‘not bad’, ‘difficult sometimes’, ‘diffi-
cult all of the time’ or ‘impossible’. We categorised this variable into: easy/not bad; difficult
sometimes; and difficult all of the time/impossible. Area of residence, classified as urban or
rural/remote, was included as a covariate in the statistical modelling since women from rural/
remote areas were deliberately over-sampled to ensure sufficient representation of women
from these less populated areas.

Multimorbidity outcome

We used information on symptoms and their severity as well as doctor-diagnosed diseases to
cover as wide a range of conditions as possible, and to more accurately reflect the morbidity in
the cohort. Occurrence of 18 chronic diseases and 13 symptoms at S6, as listed in Table 1, were
ascertained through self-report. Women were asked if they had been diagnosed with or treated
for each of the diseases in the past three years. They were also asked about the frequency of
symptoms— ‘Have you had any of the following problems in the last 12 months?’—and could
respond: never; rarely; sometimes; or often. For these analyses, we dichotomised the responses
to yes/no, with yes coded if the symptom was reported as occurring ‘often’. The exception was
chest pain, which was considered present if women reported that this occurred ‘sometimes’ or
‘often’, due to the serious nature of chest pain. If women reported having experienced depres-
sion or anxiety/panic attacks ‘often’ in the past 12 months, this was incorporated into the
depression and anxiety/nervous disorders disease variables.

Statistical analysis

We performed the factor analysis using SAS version 9.4 and the regression analyses using Stata
version 13.0

Factor analysis. To identify multimorbidity ‘patterns’ at S6, we performed exploratory fac-
tor analysis [15] to analyse correlations between conditions. We adopted factor analysis over
other techniques because we were interested in how conditions (as opposed to individuals)
group together. Factor analysis allowed us to identify associations between conditions, whilst
allowing these conditions to cross-load (i.e. belong to more than one factor or pattern). Since
each condition was coded as a binary variable, we computed tetrachoric correlations matrix
between all conditions [16]. This was done by using the macro “Polychor” in SAS 9.4. We then
carried out factor analysis on the correlation matrix by applying “method = Principal” option
in Proc Factor. The number of factors identified was based on their interpretability, having an
eigenvalue greater than one, and the shape of the scree plot [15]. We used a varimax rotation of
factor loading matrices, with each resulting factor loading representing the strength of associa-
tion between the condition and the latent factor. We obtained factor scores for each participant
standardised to a mean of 0 and standard deviation (SD) of 1. For ease of interpretation of the
results we created tertiles of factor scores, with the lowest third representing a low factor score
and the highest third representing a high factor score (i.e. women with a high score for the mul-
timorbidity pattern).

Association of risk factors with multimorbidity patterns. We summarised the frequency
of each lifestyle factor and SEP measure by morbidity pattern.

Given that the factor scores were not normally distributed, we used the top 25™ percentile
as a cut point to create a dichotomous variable for each factor (i.e. a high versus low score) and
used logistic regression to relate lifestyle and SEP factors to subsequent multimorbidity pat-
terns. We therefore obtained unadjusted and adjusted odds ratios (ORs) with accompanying
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Table 1. Prevalence of conditions at survey 6.

Condition

Hypertension

Other arthritis

Joint stiffness/pain*
Osteoarthritis

Back pain*

Asthma
Bronchitis/lemphysema
Osteoporosis

Other cancer

Allergies*
Anxiety/nervous disorder
Vision problems*
Depression

Severe tiredness*
Diabetes

Chest pain*

Bowel problems*

Urinary problems*

Heart disease
Rheumatoid arthritis
Severe headache/migraine*
Hearing problems*
Impaired glucose tolerance
Poor memory*

Breast cancer

Chronic fatigue syndrome
Palpitations*

Stroke

Breathing difficulties*
Other psychiatric conditiont
Cervical cancer

*Symptoms

TOther than depression or anxiety

doi:10.1371/journal.pone.0156804.t001

Prevalence at Survey 6 N (%)

1589 (32.5)
1570 (32.1)
1019 (20.8)
943 (19.3)
687 (14.0)
639 (13.1)
549 (11.2)
484 (9.9)
467 (9.5)
457 (9.3)
445 (9.1)
406 (8.3)
361 (7.4)
328 (6.7)
321 (6.6)
301 (6.2)
287 (5.9)
257 (5.3)
252 (5.2)
255 (5.2)
255 (5.2)
228 (4.7)
178 (3.6)
177 (3.6)
103 (2.1)
67 (1.4)
57 (1.2)
52 (1.1)
55 (1.1)
14 (0.3)
11 (0.2)

confidence intervals (CIs) for the effect of each determinant on the odds of having a high score
for each multimorbidity pattern. Adjusted analyses controlled for age, SEP, area of residence

and all included lifestyle factors.

The manuscript was prepared in accordance with the STROBE guidelines.

Results

Of the 10,011 women who returned S6, 5388 reported fewer than two diseases at S2. Of these,
there was complete data on conditions at S6 among 4896 (91%) women. We included these

4896 women, with a mean age of 49.5 (+1.5) at S2 and 61.5 (£ 1.5) years at S6, in the factor

analysis. The most common condition was hypertension (32.5%) and the least common was

cervical cancer (0.2%; Table 1).
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Multimorbidity patterns

We identified five factors, or multimorbidity patterns, that explained 28.5% of the variance
(Table 2); ‘psychosomatic’ (characterised by anxiety, depression and somatic symptoms includ-
ing severe tiredness, severe headache/migraine bowel problems and palpitations), ‘musculo-
skeletal’ (primarily characterised by arthritis, joint and back pain), ‘cardiometabolic’
(characterised by cardiovascular disease, diabetes and impaired glucose tolerance), ‘cancer’ and
‘respiratory’ (characterised mainly by asthma, bronchitis/emphysema and breathing difficul-
ties) (Table 2). Given the inherent subjectivity of analytic decisions made during factor

Table 2. Factor loadings® for chronic diseases and symptoms at survey 6.

Factor/pattern
Psychosomatic Musculoskeletal Cardiometabolic Cancer Respiratory

Anxiety 0.56 -0.13 0.16 -0.01 -0.03
Depression 0.55 -0.10 0.18 0.06 0

Severe tiredness® 0.53 0.17 0.05 0.10 -0.06
Poor memory® 0.42 0.03 0 0.01 -0.05
Severe headache® 0.37 0.03 -0.02 -0.05 -0.01
Chest pain® 0.36 0.03 0.09 -0.07 0.18
Vision problems® 0.35 0.11 -0.04 0.07 0.02
Bowel problems® 0.35 0.11 -0.06 0.01 0.09
Palpitations® 0.30 -0.01 0.06 -0.06 0.02
Hearing problems® 0.24 0.07 -0.06 0.04 0.07
Urinary problems® 0.24 0.12 -0.03 -0.01 0.14
Joint stiffness/pain® 0.28 0.70 -0.02 -0.03 -0.04
Other arthritis 0.05 0.65 0.08 -0.03 0.05
Osteoarthritis 0.05 0.64 0.07 0 0.04
Back pain® 0.34 0.55 -0.02 -0.03 -0.02
Rheumatoid arthritis -0.05 0.37 0.28 0.01 0.20
Osteoporosis -0.04 0.24 0.05 0.10 0.19
Impaired glucose tolerance -0.03 0.08 0.62 -0.06 -0.11
Diabetes -0.03 0.06 0.61 0.03 -0.15
Stroke -0.01 0.01 0.51 0.13 0.23
Chronic fatigue syndrome 0.11 0.03 0.41 0.17 0.18
Heart disease 0.09 0.02 0.38 0.03 0.32
Hypertension 0.02 0.20 0.37 -0.09 -0.15
Other psychiatric disorders 0.15 -0.12 0.25 0.15 0.09
Other cancers -0.03 0.03 0.04 0.81 -0.02
Breast cancer -0.01 0.05 -0.05 0.79 -0.07
Cervical cancer 0.02 -0.06 0.15 0.39 0.06
Asthma -0.04 0.01 0.09 0.02 0.57
Bronchitis/emphysema 0.04 0.05 0.07 0.01 0.55
Breathing difficulties® 0.10 0.01 -0.08 -0.04 0.53
Allergies® 0.19 0.11 -0.14 0 0.26
Eigenvalue 2.83 1.79 1.53 1.41 1.27

3Factor loadings indicate the strength of association between each variable and each factor, with a factor loading of <0.2 (non-bold loadings) generally
considered to be weak
PSymptoms

doi:10.1371/journal.pone.0156804.t002

PLOS ONE | DOI:10.1371/journal.pone.0156804 June 3,2016 6/16



@’PLOS ‘ ONE

Multimorbidity Patterns and their Determinants

analysis, we have also provided information on the four and five-factor solutions. A four-factor
solution explained 24.4% of the variability, with similar factors identified as in the 5-factor
solution, with the exception that it did not include the respiratory factor. A 6-factor solution,
which explained 32.3% of the variability, with an eigenvalue of 1.18, identified similar patterns
as in the 5-factor analysis. However, instead of identifying one factor characterised by ‘psycho-
somatic disease’, two factors were identified, which were characterised by depression, anxiety
and other psychiatric illness in one factor and somatic symptoms in the other. The scree plot
indicated an ‘elbow’ (i.e. a flattening of the eigenvalue) at six factors. We chose a five-factor
solution after careful consideration of the eigenvalues and the scree plot (bearing in mind the
general rule that components should be retained before the first point that starts the flat line
trend), and for the parsimony and interpretability of the different factor solutions.

Risk factors for multimorbidity patterns

Table 3 summarises the distribution of lifestyle and SEP factors according to multimorbidity
factor score.

In unadjusted analyses, overweight and obesity were associated with significantly increased
odds of a high score for the musculoskeletal and cardiometabolic patterns, as was increasing
BMI (Table 4). Physical inactivity was associated with increased odds of a high score for all pat-
terns, except the respiratory pattern, whilst current smoking was associated with increased
odds of a high score for all patterns except for the cardiometabolic pattern. No alcohol intake
was associated with increased odds of high psychosomatic and cardiometabolic pattern scores.

Low education and difficulties managing on income were also associated with increased
odds of high scores for the psychosomatic, musculoskeletal and cardiometabolic patterns
(Table 4).

In adjusted analyses, increasing BMI remained associated with increased odds of the muscu-
loskeletal and cardiometabolic patterns, with a unit increase in BMI associated with a 7%
increase in odds for each of these patterns. Being overweight was associated with a 1.5 fold
increased odds of a high score for the musculoskeletal and cardiometabolic patterns (OR 1.45,
95% CI 1.23 to 1.70 and OR 1.53, 95% CI 1.31 to 1.79 respectively; Table 5), whilst obesity was
associated with a more than two-fold increased odds of a high score for these patterns (OR
2.14,95% CI 1.75 to 2.60 and OR 2.46, 95% CI 2.02 to 2.98). In contrast to the other patterns,
overweight and obesity were associated with decreased odds of having a high respiratory factor
score (OR 0.74, 95% CI 0.63 to 0.87 and 0.50, 95% CI 0.39 to 0.62, respectively). Physical inac-
tivity increased the odds of a high score for the psychosomatic pattern by 41% (OR 1.41, 95%
CI 1.13 to 1.76), the musculoskeletal pattern by 39% (OR 1.39, 95% CI 1.11 to 1.74) and the
cancer pattern by 35% (OR 1.35, 95% CI 1.08 to 1.69). The associations for current smoking
observed in unadjusted analyses remained significant in fully adjusted analyses for the muscu-
loskeletal and respiratory patterns (OR 1.24, 95% CI 1.01 to 1.54 and 1.74, 95% CI 1.42 to 2.13,
respectively; Table 5). Ex-smoking also significantly increased the odds of a high respiratory
factors score in the adjusted model (OR 1.23, 95% CI 1.04 to 1.45). The association between no
alcohol intake and increased odds of having a high score for the cardiometabolic pattern per-
sisted in adjusted analyses (OR 1.18, 95% CI 1.02 to 1.37).

After controlling for all lifestyle and other SEP factors, a low education level was signifi-
cantly associated with increased odds of the psychosomatic and musculoskeletal patterns (OR
1.34,95% CI 1.03 to 1.75 and OR 1.43, 95% CI 1.10 to 1.87, respectively; Table 5), but not the
cardiometabolic pattern. Similarly, difficulty managing on income remained associated with
increased odds of a high score for the psychosomatic and musculoskeletal factors (OR 1.73,
95% CI 1.37 to 2.18 and OR 1.38, 95% CI 1.09 to 1.75, respectively) in adjusted analyses, whilst
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Table 4. Unadjusted ORs of the association between characteristics and a high versus low multimorbidity pattern score.

Characteristics

BMI (kg/m?)°

Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)

Obese (>30)
BMI (kg/m?)°°
Physical activity

High

Moderate

Low

Nil/sedentary
Smoking

Never

Ex

Current
Alcohol intake

Low risk

Non-drinker

Risky/high-risk
Education

High

Middle

Low
Occupation

High

Middle

Low

Never paid work/other
Ability to manage on income

Easy/not bad

Sometimes difficult
Impossible/difficult always

Psychosomatic
OR (95% ClI)

0.77 (0.40, 1.50)
1.00

1.09 (0.93, 1.26)

1.11 (0.92, 1.35)

1.01 (1.00, 1.02)

1.00
1.03 (0.86, 1.25)
1.09 (0.92, 1.29)
1.46 (1.19, 1.78)

1.00
0.98 (0.84, 1.15)
1.27 (1.05, 1.53)

1.00
1.18 (1.03, 1.36)
1.26 (0.93, 1.70)

1.00
1.17 (1.01, 1.36)
1.65 (1.35, 2.02)

1.00
1.21 (1.05, 1.40)
1.33 (1.08, 1.64)
1.05 (0.67, 1.65)

1.00
1.29 (1.11, 1.50)
1.86 (1.52, 2.29)

2Patterns identified at survey 6 (N = 4896)

PWe performed two models, one with BMI as a categorical variable and one with BMI as a continuous variable
°The odds ratio represent the increase or decrease in odds of the outcome relative to the reference group, per unit increase in BMI

Musculoskeletal

OR (95% Cl)

0.47 (0.20, 1.11)
1.00

1.49 (1.28, 1.74)

2.42 (2.01, 2.91)

1.08 (1.07, 1.09)

1.00

1.10 (0.91, 1.33)
1.30 (1.09, 1.54)
1.53 (1.25, 1.88)

1.00
1.11 (0.96, 1.30)
1.28 (1.06, 1.04)

1.00
1.09 (0.95, 1.25)
1.08 (0.80, 1.47)

1.00
1.23 (1.06, 1.42)
1.62 (1.33, 1.99)

1.00
1.07 (0.93, 1.23)
1.08 (0.87, 1.33)
0.96 (0.61, 1.51)

1.00
1.53 (0.99, 1.34)
1.41 (1.14, 1.74)

BMI = body mass index; Cl = confidence interval; OR = odds ratio;

doi:10.1371/journal.pone.0156804.t004

Multimorbidity pattern®

Cardiometabolic

OR (95% Cl)

1.10 (0.58, 2.05)
1.00

1.64 (1.41, 1.90)

2.65 (2.22, 3.18)

1.08 (1.07, 1.10)

1.00
0.96 (0.80, 1.15)
1.11 (0.94, 1.31)
1.26 (1.04, 1.54)

1.00
0.95 (0.82, 1.10)
1.02 (0.85, 1.23)

1.00
1.35 (1.18, 1.54)
1.24 (0.93, 1.67)

1.00
1.28 (1.1, 1.48)
1.61 (1.33, 1.97)

1.00
1.21 (1.05, 1.39)
1.19 (0.97, 1.46)
1.59 (1.06, 2.39)

1.00
1.26 (1.09, 1.46)
1.39 (1.13, 1.70)

Cancer
OR (95% Cl)

1.16 (0.66, 2.05)
1.00

0.72 (0.61, 0.83)

0.54 (0.44, 0.67)

0.95 (0.93, 0.96)

1.00

1.18 (0.98, 1.41)
0.98 (0.82, 1.17)
1.24 (1.01, 1.52)

1.00
1.07 (0.92, 1.25)
1.21 (1.00, 1.46)

1.00
1.06 (0.93, 1.22)
0.99 (0.72, 1.35)

1.00
0.81 (0.71, 0.94)
0.87 (0.70, 1.07)

1.00
0.80 (0.69, 0.92)
0.78 (0.63, 0.97)
0.93 (0.61, 1.44)

1.00
0.93 (0.80, 1.08)
1.06 (0.85, 1.32)

Respiratory
OR (95% ClI)

1.31(0.73, 2.33)
1.00

0.97 (0.83, 1.13)

1.02 (0.84, 1.24)

0.99 (0.98, 1.01)

1.00
0.86 (0.72, 1.03)
0.87 (0.73, 1.03)
0.90 (0.73, 1.11)

1.00
1.19 (1.02, 1.38)
1.68 (1.40, 2.02)

1.00
1.02 (0.89, 1.17)
1.07 (0.79, 1.45)

1.00
0.91 (0.79, 1.04)
1.02 (0.83, 1.25)

1.00
1.07 (0.92, 1.23)
1.07 (0.86, 1.33)
0.77 (0.48, 1.25)

1.00
1.09 (0.94, 1.26)
0.90 (0.72, 1.14)

the association for the cardiometabolic pattern was borderline significant. There was no associ-

ation between occupation and any of the observed multimorbidity patterns.

Discussion

We identified five multimorbidity patterns—psychosomatic, musculoskeletal, cardiometabolic,
cancer and respiratory—in a cohort of mid-aged women. Our study is one of just a few

PLOS ONE | DOI:10.1371/journal.pone.0156804 June 3,2016
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Table 5. Adjusted ORs?® of the association between characteristics and a high versus low multimorbidity pattern score.

Characteristics

BMI (kg/m?)°

Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)

Obese (>30)
BMI (kg/m?)°°
Physical activity

High

Moderate

Low

Nil/sedentary
Smoking

Never

Ex

Current
Alcohol intake

Low risk

Non-drinker

Risky/high-risk
Education

High

Middle

Low
Occupation

High

Middle

Low

Never paid work/other
Ability to manage on income

Easy/not bad

Sometimes difficult
Impossible/difficult always

Psychosomatic
OR (95% ClI)

0.68 (0.34, 1.38)
1.00

1.04 (0.88, 1.22)

1.01 (0.82, 1.25)

1.00 (0.99, 1.02)

1.00
1.10 (0.90, 1.34)
1.06 (0.88, 1.28)
1.41 (1.13, 1.76)

1.00
1.05 (0.89, 1.25)
1.23 (0.99, 1.51)

1.00
1.10 (0.94, 1.29)
1.17 (0.85, 1.63)

1.00
1.02 (0.85, 1.23)
1.34 (1.03, 1.75)

1.00
1.15 (0.96, 1.38)
1.08 (0.82, 1.40)
0.83 (0.49, 1.42)

1.00
1.31 (1.1, 1.54)
1.73 (1.37, 2.18)

Musculoskeletal
OR (95% Cl)

0.50 (0.21, 1.17)
1.00

1.45 (1.23, 1.70)

2.14 (1.75, 2.60)

1.07 (1.06, 1.09)

1.00
1.10 (0.90, 1.35)
1.23 (1.02, 1.48)
1.39 (1.11, 1.74)

1.00
1.06 (0.90, 1.26)
1.24 (1.01, 1.54)

1.00
0.96 (0.82, 1.12)
1.00 (0.72, 1.40)

1.00
1.20 (0.99, 1.44)
1.43 (1.10, 1.87)

1.00
0.97 (0.81, 1.16)
0.89 (0.68, 1.17)
0.83 (0.50, 1.39)

1.00
1.04 (0.88, 1.23)
1.38 (1.09, 1.75)

Multimorbidity pattern

Cardiometabolic
OR (95% Cl)

1.07 (0.55, 2.06)
1.00

1.53 (1.31, 1.79)

2.46 (2.02, 2.98)

1.07 (1.06, 1.09)

1.00
0.93 (0.76, 1.12)
1.02 (0.86, 1.23)
1.08 (0.87, 1.35)

1.00
0.98 (0.83, 1.16)
1.02 (0.82, 1.25)

1.00
1.18 (1.02, 1.37)
1.18 (0.85, 1.63)

1.00
1.17 (0.98, 1.41)
1.29 (1.00, 1.68)

1.00
1.02 (0.85, 1.21)
0.88 (0.68, 1.14)
1.50 (0.95, 2.38)

1.00
1.17 (1.00, 1.37)
1.23 (0.97, 1.56)

30dds ratios adjusted for all dependent variables given in the table, plus age and area of residence
PWe performed two separate models; one that included BMI as a categorical variable and one that included BMI as a continuous variable. The odds ratios

for the other exposure variables are adjusted for BMI included as a categorical variable
°The odds ratio represent the increase or decrease in odds of the outcome relative to the reference group, per unit increase in BMI

BMI = body mass index; Cl = confidence interval; OR = odds ratio;

doi:10.1371/journal.pone.0156804.t005

Cancer
OR (95% Cl)

1.02 (0.56, 1.87)
1.00

0.74 (0.63, 0.87)

0.50 (0.39, 0.62)

0.95 (0.93, 0.96)

1.00
1.20 (0.99, 1.45)
1.06 (0.88, 1.28)
1.35 (1.08, 1.69)

1.00
1.10 (0.93, 1.30)
1.21 (0.98, 1.48)

1.00
1.16 (0.99, 1.35)
1.02 (0.73, 1.42)

1.00
0.96 (0.80, 1.15)
1.02 (0.78, 1.34)

1.00
0.85 (0.71, 1.01)
0.78 (0.60, 1.03)
1.03 (0.64, 1.68)

1.00
1.01(0.85, 1.18)
1.17 (0.92, 1.50)

Respiratory
OR (95% ClI)

1.20 (0.65, 2.22)
1.00

0.96 (0.82, 1.13)

1.09 (0.89, 1.34)

1.00 (0.98, 1.01)

1.00
0.90 (0.74, 1.09)
0.89 (0.74, 1.06)
0.99 (0.79, 1.24)

1.00
1.23 (1.04, 1.45)
1.74 (1.42,2.13)

1.00
1.03 (0.88, 1.20)
0.97 (0.69, 1.34)

1.00
0.81 (0.67, 1.97)
0.94 (0.72, 1.23)

1.00
1.15 (0.96, 1.38)
1.23 (0.95, 1.60)
0.74 (0.42, 1.30)

1.00
1.04 (0.89, 1.23)
0.95 (0.74, 1.23)

population-based studies in which multimorbidity patterns have been examined and one of
even fewer to have investigated this in a younger age-group. To our knowledge, this is the first
study to relate baseline characteristics to multimorbidity patterns. Some patterns were differen-

tially associated with baseline characteristics, whereas others shared common risk factors, such
as physical activity, overweight/obesity and SEP, as measured by education and ability to man-
age on income. Importantly, our findings identify which modifiable risk factors are associated

PLOS ONE | DOI:10.1371/journal.pone.0156804 June 3,2016

10/16



el e
@ : PLOS ‘ ONE Multimorbidity Patterns and their Determinants

with increased risk of multiple patterns and thus provide evidence for where best to invest pri-
mary prevention approaches for reducing risk of these multimorbidity patterns. Our results
also identify specific risk factors which appear to be particularly important for certain patterns.
For instance, physical inactivity, but not overweight/obesity, along with education, appears to
be especially important in terms of being associated with increased risk of the patterns charac-
terised partly by poor mental health.

Our identification of five multimorbidity patterns is in keeping with the results from other
studies that investigated patterns of associative multimorbidity using the same statistical
approach, which generally identified three to six patterns [8, 10, 17-19]. Although a recent sys
tematic review identified considerable variation in the nature of disease clusters across 14 rele-
vant studies, they did find some similarities, with cardiometabolic, mental health and
musculoskeletal-related patterns consistently emerging from many studies [6], including from
those that used factor analysis, as in our study [8, 10, 18, 19]. The patterns identified in our
cohort are similar to those identified in a study that used the same analytical approach and
stratified by gender and age. This study identified three patterns—cardiometabolic, mechanical
and depressive—in women aged 45-64 years [10]. Differences in the number and nature of
multimorbidity patterns across studies likely reflects differences in study populations, method
of ascertaining chronic conditions, the number of conditions included and the analytic
approach employed.

In the studies that included obesity as a chronic disease in their analyses, obesity tended to
cluster with cardiometabolic patterns [8, 10, 18, 19] and with musculoskeletal disorders [10,

18, 20, 21]. Since we were interested in examining modifiable lifestyle factors associated with
subsequent multimorbidity patterns, we included BMI as an exposure variable in our analyses,
as opposed to a condition. Our findings on the association between being overweight or obese

and subsequent development of the cardiometabolic pattern and musculoskeletal patterns sug-
gest that overweight/obesity is a key risk factor for the development of particular disease clus-
ters, thus accounting for the co-existence of obesity with these chronic conditions.

Some of the observed associations between lifestyle factors and specific multimorbidity pat-
terns are in line with what we would expect, based on the clear understanding of associations
between certain lifestyle factors and various chronic diseases. For example, the significant asso-
ciation between smoking and an increased risk of the respiratory pattern is consistent with the
established association between smoking and respiratory symptoms such asthma, bronchitis
and breathing difficulties [22, 23]. Our study identified antecedents common to multiple multi-
morbidity patterns. Physical activity and BMI in particular appear to be important factors asso-
ciated with the development of a number of multimorbidity patterns, with the associations for
BMI especially being very strong. The prospective association between overweight/obesity and
the cardiometabolic pattern is in keeping with the known associations between excess body
weight and conditions such as hypertension, diabetes and heart disease [24]. Not only does
excess weight exert a direct effect, being a common determinant of major chronic conditions, it
also has an indirect effect due to the relationship between conditions (e.g. type 2 diabetes is asso-
ciated with subsequent increased risk of cardiovascular disease). There is a well-established
body of evidence for obesity being a risk factor for various musculoskeletal disorders [25]. Our
finding that obesity is strongly associated with an increased risk of the musculoskeletal pattern
is consistent with this evidence. In addition, our results suggest that being overweight also
markedly increases the risk of musculoskeletal conditions and appears to be an even stronger
risk factor for the musculoskeletal than the cardiometabolic pattern. The negative association
between overweight/obesity and odds of the cancer pattern is an interesting finding. Whilst the
evidence for an association between higher BMI and an increased risk of some cancers is sub-
stantial, the evidence for other cancers, such as ovarian cancer, is inconclusive [26]. The
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ALSWH survey asked women about the occurrence of specific cancers, including skin cancer,
and then asked about ‘other cancers’ in general. Whilst we didn’t include skin cancer as one of
the disease outcomes in our factor analyses, the cohort still included women with skin cancer,
which may have impacted our findings and may partly explain the observed inverse association
between overweight/obesity and the cancer pattern. Higher BMI has been found to be associated
with a decreased risk of non-melanoma skin cancer, possibly due to lower sun exposure [27].

There is a growing body of evidence linking physical activity with musculoskeletal fitness,
bone loss and risk of chronic disease such as arthritis and osteoporosis [28]. The observed asso-
ciation between little or no physical activity and increased risk of the musculoskeletal pattern
in our study contributes further to this existing research. The association between physical
activity and cancer in women is perhaps less well understood, with the strongest evidence sup-
porting a role for physical activity in reducing breast cancer [29]. Our findings provide possible
evidence for a role of physical activity in reducing the development of a multimorbidity pattern
characterised by cancer.

Although there is a growing body of evidence linking increased physical activity with
reduced risk of depression [30], the evidence for other measures of mental well-being is more
limited. Whilst there is considerable evidence for a cross-sectional association between physical
health and mental well-being, there is less prospective or interventional evidence supporting a
role for physical activity in the prevention of poor mental health [31]. Our study makes an
important contribution to this research area by highlighting the strong association between
low physical activity and development of a psychosomatic multimorbidity pattern. These find-
ings complement previous cross-sectional analyses of the same cohort of women which found
an association between physical activity and mental well-being as measured by the mental
health component of the Medical Outcomes Study Short Form-36 [32]. Our findings suggest
that physical inactivity may be just as important, if not more so, in reducing risk of multimor-
bidity patterns characterised partly by mental health as much as physical disease.

Interestingly our study did not identify any significant associations between alcohol intake
and any of the observed multimorbidity patterns, other than the positive association between
no alcohol intake and risk of the cardiometabolic pattern. The latter is in keeping with the
observed j-shaped association between alcohol intake and cardiovascular disease risk [33]. We
were probably under-powered to detect a significant association between high-risk alcohol
intake and the cardiometabolic pattern, given the low numbers of high-risk drinkers in this
cohort of mid-aged women.

Socioeconomic gradients in physical health and some measures of mental health are well
documented [34, 35]. The significant associations between education and the psychosomatic
and musculoskeletal patterns are consistent with this. The association between education
and the cardiometabolic pattern was however not quite statistically significant. Difficulty
managing on income was markedly associated with the psychosomatic pattern, and comple-
ments previous research on the association between economic circumstances and common
mental disorders [36].

Our study has various strengths. The use of factor analysis to identify morbidity patterns
has a number of benefits: it does not rely on pre-conceived assumptions as to how particular
conditions cluster together; it allows conditions to cross-load on multiple factors; and it facili-
tates a better understanding of how conditions (as opposed to individuals) naturally group
together. We also used information collected on symptoms reported as being severe, as well as
doctor-diagnosed disease, to cover as wide a range of conditions as possible, and to more accu-
rately reflect the existing morbidity that women live with. There is debate in the literature
regarding how to define multimorbidity and the need for a more holistic definition that is not
restricted by a disease-focused medical label, and which encompasses wellbeing and severity of
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problems that people face [37]. These impairments can have a marked effect on quality of life,
disability, health-care use and so on. It therefore seems appropriate to incorporate severe
symptoms of morbidity, irrespective of whether those symptoms have been attributed to a par-
ticular disease or not. In general, as expected, symptoms tended to cluster with related diseases.
Being a prospective study, we were able to examine the associations between risk factors at
baseline and subsequent multimorbidity patterns, thereby minimising the introduction of
reverse causality, whereby the development of multiple chronic conditions might in turn
impact on lifestyle behaviour, such as the ability to exercise, or impact on employment and
financial hardship. Finally, this is, to our knowledge, the first study to report on the association
between lifestyle and socioeconomic factors and multimorbidity patterns, making a novel con-
tribution to the increasingly important area of multimorbidity research.

Our study does have some limitations. The conditions used in the factor analysis were based
on self-report, which may have introduced some errors. However, studies have validated self-
report of various chronic diseases, with the most prevalent diseases in our study considered to
have good self-report validity within this age-group [38]. Although in an older age group, a
recent validation study of self-reported chronic conditions in multimorbid patients also sug-
gests that there is moderate to good validity for many of the diseases included in our study
[39]. Our list of included conditions is also not exhaustive and did not include a number of
chronic diseases such as liver or kidney disease. The investigators did however try to focus on
the most common chronic conditions when collecting these data. We also included women
free from multimorbidity (i.e. with fewer than two conditions) at baseline, which means that
some women were not completely disease-free at baseline. It is therefore possible that some
reverse causation could have been introduced, through the presence of a particular disease
affecting lifestyle or SEP. If presence of a particular disease had a positive effect on health
behaviour but also contributed to the development of multimorbidity then we may have under-
estimated lifestyle-multimorbidity pattern associations. Conversely, if disease presence led to
reduction in healthy behaviour, and also contributed to the development of multimorbidity
then we may have over-estimated observed associations. Lifestyle factors were self-reported
and thus susceptible to measurement error. However, self-reported height and weight have
been shown to be valid for calculating BMI in this cohort [40], whilst the physical activity ques-
tionnaire also has measurement properties which compare favourably to those of other com-
monly used physical activity measures [41]. Relying on self-reported smoking and alcohol
intake may have led to some measurement error, however these behaviours would tend to be
under- rather than over-reported, which would likely lead to under- rather than over-estima-
tion of effect estimates. Finally, our study included women only and so findings cannot be
extrapolated to men. However, among the few studies that have analysed disease clusters by
age and sex, there does appear to be key differences in the nature or prevalence of disease clus-
ters between men and women [7, 9, 10, 19] and between mid-age and older people [7, 10]. Mul-
timorbidity patterns are likely to differ by age and gender, and we might expect the
determinants of these patterns, or the magnitude of their effect, to also differ. For instance,
multimorbidity patterns and their determinants in post-menopausal working age women are
likely to differ from those in men or indeed older women. Thus, separate study of, or stratifica-
tion by, gender and age-groups is necessary.

Conclusions

In conclusion, our study contributes to understanding the nature of multimorbidity among
mid-aged women by identifying which conditions group together and which lifestyle and
socioeconomic factors are potentially involved in the aetiology of these multimorbidity
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patterns. In terms of preventive approaches among mid-aged women, improving physical
activity levels and reducing the proportion of women who are overweight or obese may be the
most appropriate approach to reducing the risk of these disease groups.
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