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Purpose: The aim of this study was to identify and describe somatic symptom profiles in the
general adult population in order to enable further epidemiological research within multiple
somatic symptoms.

Methods: Information on 19 self-reported common somatic symptoms was achieved from a
population-based questionnaire survey of 36,163 randomly selected adults in the Capital Region
of Denmark (55.4% women). The participants stated whether they had been considerably both-
ered by each symptom within 14 days prior to answering the questionnaire. We used latent class
analysis to identify the somatic symptom profiles. The profiles were further described by their
association with age, sex, chronic disease, and self-perceived health.

Results: We identified 10 different somatic symptom profiles defined by number, type, and
site of the symptoms. The majority of the population (74.0%) had a profile characterized by no
considerable bothering symptoms, while a minor group of 3.9% had profiles defined by a high
risk of multiple somatic symptoms. The remaining profiles were more likely to be characterized
by a few specific symptoms. The profiles could further be described by their associations with
age, sex, chronic disease, and self-perceived health.

Conclusion: The identified somatic symptom profiles could be distinguished by number, type,
and site of the symptoms. The profiles have the potential to be used in further epidemiological
studies on risk factors and prognosis of somatic symptoms but should be confirmed in other
population-based studies with specific focus on symptom burden.

Keywords: epidemiology, somatic symptoms, subjective health complaints, multiple symptoms,
functional somatic syndromes, health status

Introduction

Multiple somatic symptoms, such as headache and musculoskeletal (MS) pain, have
been associated with an increased risk of poor health status'* and high health care
use®? independently of the etiology of the symptoms. This indicates an importance
of focusing on multiple symptoms in health research and not only on a few specific
symptoms or diseases. Studies looking at the epidemiology of multiple symptoms
have mainly used the number of symptoms to identify groups at risk'* using standard
symptom questionnaires, eg, the Patient Health Questionnaire® and the Symptom
Checklist.” However, it can be questioned if this method identifies the persons at
the highest risk of poor health and hence leads to blurred or distorted results.®® For
example, in a recent study, we found that the associations between symptoms and
health status depended on both the specific symptoms and the co-occurrence of
symptoms.® This emphasized the need for a better and more precise identification
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of persons at risk for poor health based on their symptom
reporting than merely counting symptoms. This knowledge
would improve the quality of epidemiological research on
risk factors, prevention, and prognosis of somatic symptoms
and hence create basis for better patient management. Iden-
tification of persons at risk accounting for both the particular
symptom and the number of symptoms could be done by
identifying and delimitating groups of people with similar
symptom patterns, ie, identifying different somatic symptom
profiles in the population.

Previous studies investigating symptom profiles have
reached different results.’'* Thus, 2,'>4 3,210 5,12 and 11"
profiles have been identified either based merely on numbers
of symptoms”!®13!4 or based on number, site, and type of
symptoms.!!12 However, all the studies differed consider-
ably in material and methods. Only two of the studies were
conducted on a population-based sample,'>!* while the others
included more selected populations, eg, patients from primary
or secondary care. This selection might have led to consid-
erable bias in the identification of classes including higher
symptom prevalence in the study population. Furthermore,
most of the studies included only few symptoms'? or groups
of symptoms®!! in their analyses on symptom profiles, which
may have decreased the possibility of identifying nuanced
and multiple profiles. Similarly, the relatively small study
populations used in some of the studies may also have limited
the nuances.!*!11314

To overcome some of the limitations in prior studies, we
aimed to identify and describe somatic symptom profiles
in the general adult population using latent class analysis
(LCA) of 19 self-reported somatic symptoms in a Danish
population-based health survey.

Participants and methods
Study population

The data have been described in previous articles.®' Briefly,
we used information from a cross-sectional health and
life-style survey “The Regional Health Survey 2006/2007”
conducted in the Capital Region of Denmark. Municipality-
stratified random samples of the general population aged
25-79 years were drawn from the Danish Civil Registration
System using computer-generated random numbers. The
selected individuals (N=69,800) were sent an invitation to
complete an enclosed questionnaire, and a postal reminder
was sent once. Of those invited, 36,472 (52%) returned a
completed questionnaire.

All participants in the Regional Health Survey gave
written informed consent before taking part in the study.

According to Danish legislation, the study did not require
ethical approval.

Somatic symptoms

The participants were asked to which extent they had been
bothered by 19 listed somatic symptoms 14 days prior to
answering the questionnaire (“not at all”, “a little”, or “a
lot”). The list covered the most frequent symptoms reported
in other studies'é and included three MS symptoms, three
gastrointestinal (GI) symptoms, four cardiopulmonary
(CP) symptoms, four general symptoms (eg, tiredness
and headache), two urinary tract symptoms, and three
other symptoms (Table 1).® In the analyses, we focused on
those being considerably bothered by the symptoms and

Table | Characteristics of the population

N= %*
Age, mean (SD) 50.8 (14.2) -
Sex
Women 20,025 55.4
Men 16,138 44.6
Symptoms®
Back pain 4072 1.5
Pain in leg/hip/knee 4087 1.5
Neck/shoulder pain 4032 1.4
Stomach pain 1716 4.8
Indigestion 1586 44
Nausea 501 1.4
Cold/coughing 2028 5.8
Respiratory distress 1144 32
Rapid heartbeat 512 1.4
Chest pain 365 1.0
Tiredness 3832 10.7
Sleeplessness 2089 5.9
Headache 2209 6.2
Dizziness 784 22
Urinary incontinence 728 2.0
Urinary retention 229 0.6
Skin rash/itching 1207 34
Impaired hearing 1090 3.1
Impaired vision 787 22
Chronic diseases
Musculoskeletal® 10,826 30.8
Cardio-metabolic? 6913 19.6
Mental® 3352 9.4
Pulmonary’ 3209 9.1
Self-perceived health
Poor 4549 12.7

Notes: The Regional Health Survey 2006/2007, the Capital Region of Denmark.
N=35,122-35,810. *All presented numbers except age are the frequency (N) and
proportion (%) of participants with the given characteristic. For age, the presented
numbers are mean (SD). "Presence of symptom defined as being considerably
bothered by the sensation during 14 days preceding the survey; self-reported.
Arthrosis/arthritis, osteoporosis, and herniated disk; self-reported. “Angina,
diabetes, and hypertension; self-reported; *Mental disorder, eg, depression and
anxiety; self-reported. ‘Asthma and chronic bronchitis; self-reported.
Abbreviation: SD, standard deviation.
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compared it with the combined group of not at all and a
little bothered.

Covariates
Characteristics of the somatic symptom profiles were
described according to sex, age, and chronic disease. Sex and
age were extracted from the personal registration number.
Chronic disease was self-reported using a list of nine com-
mon chronic diseases and operationalized as the presence
of disease in the following four categories: 1) diseases in
the MS system (arthritis, osteoporosis, and herniated disk),
2) cardio-metabolic diseases (angina, hypertension, and
diabetes), 3) mental disorders (eg, depression and anxiety),
and 4) pulmonary diseases (asthma and chronic bronchitis).
To evaluate the impact of the somatic symptom profiles, we
related them to self-perceived health measured by the question
“In general, would you say your health is:” with the answers
categorized into good (combination of “excellent”, “very good”,
and “good”) and poor (combination of “fair”” and “poor”).

Final study population

Information was missing on all symptoms for 309 individuals,
leaving 36,163 for the identification of the symptom profiles
requiring information of minimum one symptom. Most
information available was used for the characterization of the
profiles based on the covariates (varying between N=35,188
and N=36,163). For the analyses on self-perceived health,
33,696 individuals were eligible due to missing data on
chronic disease (N=2,130) and self-perceived health (N=337).

Statistical methods

We identified the somatic symptom profiles using LCA in
Latent GOLD 5.0.'” LCA is a method to empirically identify
mutually exclusive latent classes or profiles in the population
based on a number of observed variables. The assumption is
that population heterogeneity regarding associations between
the observed variables can be explained by a latent categori-
cal variable. Hence, the observed variables are independent
within classes.'® In our study, each class identified in the LCA
will thus have similar symptom patterns and therefore have
the same symptom profile.

We used the expectation—maximization (EM) algorithm
followed by Newton—Raphson given a predefined number of
classes to estimate the model. We used 150 random sets of
starting values with 150 iterations per set. As convergence
criteria, we used an EM tolerance of 0.01 and an overall toler-
ance of 1076.1718 Posterior probabilities were used to classify
the participants in the latent classes.

The LCA model was identified using an iterative process
starting with a model with a 1-class solution and continuing
up to 15 classes. The Bayesian Information Criterion (BIC)
was used to identify the number of classes, as it has been
shown to be the best performing information criterion for
enumeration.!” The iterative process was conducted twice.
First, it was conducted for a model assuming local indepen-
dency between the symptoms. Problems with the assumption
were identified by investigating and comparing the bivariate
residuals in the three models with the lowest BIC and in
the model with a 1-class solution; high residuals indicated
violation of the assumption. Based on the bivariate residuals
and prior knowledge of associations between symptoms,?
we decided for which symptoms local dependency should
be allowed. Second, to identify the number of classes, the
iterative process was reconducted in a model including direct
effects between the identified locally dependent symptoms.
We compared the BIC across the models; the model with the
lowest BIC and the models with +1 class were investigated
more thoroughly.!® The final model was chosen between
the three models based on 1) model fit: BIC, the Consistent
Akaike’s Information Criterion (CAIC), classification error,
and the classification table (Tables S1 and S2), 2) clarity and
clinical meaning, and 3) simplicity.'

The final model was re-estimated in two randomly split
parts of the dataset to confirm the model. The log likelihood
values of the two models on the split dataset were compared
with the full model using likelihood ratio (LR) test. Moreover,
the BIC values were compared and potential differences were
investigated.

To describe the classes, the marginal conditional prob-
abilities of the symptoms given the classes were estimated
together with the expected number of symptoms within each
class, defined as the sum of the conditional probabilities of
symptoms (Table 2).

The associations between the symptom profiles and the
covariates were investigated using the three-step procedure in
Latent GOLD 5.0 which accounts for the uncertainty in the
class assignment.? Bivariate analyses were performed for the
independent variables age, sex, and chronic disease, and odds
ratios (ORs) were estimated with the largest profile as refer-
ence (Table 3). Self-perceived health was treated as depen-
dent on the symptom profiles, and the analysis was therefore
adjusted for sex, age, and chronic disease (Table 4). All the
analyses were based on posterior probability estimates. The
maximum likelihood approach was used for estimation of sex,
chronic disease, and self-perceived health, while a modified
approach by Bolck, Croon, and Hagenaars was used for age.?

Clinical Epidemiology 2017:9

submit your manuscript

423

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Eliasen et al

Dove

Table 2 Conditional probabilities of the 19 symptoms given the 10 classes in the LCA model, including class size and expected number

of symptoms

Profile label No Few, mixed Headache MS Gl Fatigue Pulmonary MS+ MS + All
symptoms symptoms GS Gl + GS symptoms
Class size 0.740 0.049 0.052 0.068 0.020 0.018 0.015 0.023 0.012 0.004
Expected number of 0.2 1.7 1.9 2.6 3.0 3.0 3.6 5.8 6.7 1.5
symptoms
Back pain 0.03 0.09 0.14 0.72 0.3 0.1l 0.18 0.81 0.69 0.74
Pain in leg/hip/knee 0.03 0.28 0.05 0.64 009 0.08 0.22 0.82  0.68 0.85
Neck/shoulder pain 0.02 0.12 0.34 0.53 009 020 0.11 0.87 0.77 0.80
Stomach pain 0.0l 0.02 0.06 003 0.88 0.I13 0.10 0.08 0.99 0.75
Indigestion 0.00 0.06 0.03 0.04 079 0.08 0.13 0.15 0.80 0.62
Nausea 0.00 0.01 0.04 0.00 0.5 0.07 0.06 0.06 0.23 0.47
Cold/coughing 0.03 0.08 0.18 0.06 008 0.08 0.35 0.19 0.13 0.44
Respiratory distress 0.0 0.04 0.02 0.03 0.03 0.01 0.81 0.22 0.16 0.75
Rapid heartbeat 0.00 0.0l 0.01 0.00 0.0l 0.10 0.25 0.13 0.10 0.59
Chest pain 0.00 0.01 0.01 0.01 0.00 0.04 0.20 0.09 0.09 0.43
Tiredness 0.02 0.18 0.29 0.19 027 0.85 0.46 0.67  0.64 0.86
Sleeplessness 0.0l 0.13 0.05 0.10 0.13 0.66 0.16 0.46 0.36 0.70
Headache 0.0l 0.01 0.48 0.09 009 023 0.09 0.36 0.32 0.64
Dizziness 0.00 0.06 0.07 0.02 003 o0.l0 0.11 0.22 0.18 0.67
Urinary incontinence  0.00 0.11 0.01 0.03 002 003 0.08 0.15 0.14 0.47
Urinary retention 0.00 0.04 0.00 0.00 0.0l 0.02 0.04 0.04 0.05 0.24
Skin rash/itching 0.0l 0.14 0.05 0.04 007 0.09 0.13 0.13 0.16 0.41
Impaired hearing 0.0l 0.19 0.02 0.04 004 0.6 0.09 0.14 0.08 0.44
Impaired vision 0.00 0.10 0.04 0.03 0.04  0.05 0.05 0.16 0.11 0.63

Notes: The table shows the profile label, class size, expected number of symptoms, and conditional probability of the symptoms given the classes. Numbers in bold indicates
a symptom probability of >0.30. The profiles are sorted according to number of expected symptoms. The model includes direct effects between rapid heartbeat and chest
pain and between urinary incontinence and urinary retention. GS includes headache, tiredness, and sleeplessness. N=36,163.

Abbreviations: Gl, gastrointestinal; GS, general symptoms; MS, musculoskeletal.

In the primary analyses, we included all somatic symp-
toms available in the questionnaire. However, it could be
questioned if all the symptoms were a part of the same latent
variable as they varied considerably in type, eg, when compar-
ing being considerably bothered by cold/coughing, impaired
hearing, and back pain. Moreover, many symptom scales
do not cover symptoms with a more objective character, eg,
coughing.'s To investigate the impact of including many vary-
ing symptoms and to help comparing results between studies,
we conducted a sensitivity analysis including only the more
commonly measured symptoms, thus excluding cold/cough-
ing, urinary retention, urinary incontinence, impaired hear-
ing, impaired vision, and skin rash/itching (Tables S3—-S5).

Missing information on symptoms was handled in the
latent class model using the information available for the
other symptoms assuming missing at random.!” In the analy-
ses on the associations with sex, age, chronic disease, and
self-perceived health, persons with missing information on
the external variables were excluded.

Results

Characteristics of the population
Of'the 36,163 persons included in the study, 55.4% were women
and the mean age was 50.8 years (Table 1). Being considerably

bothered by at least one symptom during the 14 days preceding
the survey was reported by 39.4% of the persons, and 12.6%
reported being considerably bothered by three or more symptoms.
The prevalence of being considerably bothered by each of the 19
symptoms is listed in Table 1 together with other characteristics of
the population. The most frequent symptoms were MS symptoms
and tiredness. Poor self-perceived health was reported by 12.7%.

The LCA model

The search for the final LCA model showed problems with the
assumption of local independency between rapid heartbeat
and chest pain and between urinary incontinence and urinary
retention. Therefore, direct effects between these symptoms
were included in the model. The models with 9—11 classes
were chosen to be investigated more thoroughly based on the
BIC values (Table S1). Looking at model fit, the BIC and
CAIC were the lowest in the model with 10 classes, while the
classification error was the lowest in the model with 9 classes.
The classification tables indicated classification problems in
mainly two to four classes in the three models (for the 10-class
model refer Table S2). Especially one class with relatively
low conditional probabilities for all symptoms was poorly
identified in all three models (referred to as “few, mixed
symptoms”’). We identified violations of the assumption of
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2.7

(Ref)

Pulmonary, OR

(95% Cly
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03-17)

(1.5-2.5) (1.8-2.6) (1.2-2.3)

(2.1-3.5)

(Ref)

35,188-36,163. GS includes headache, tiredness, and sleeplessness.

Notes: The model includes direct effects between rapid heartbeat and chest pain and between urinary incontinence and urinary retention. N

Abbreviations: Gl, gastrointestinal; GS, general symptoms; MS, musculoskeletal; OR, odds ratio; Ref., reference profile.

Table 4 The probability of poor self-perceived health within each
of the 10 symptom profiles

Symptom profiles Poor self-perceived health

% (95% CI)

No symptoms 1.2 (0.9-1.5)

Few, mixed symptoms 353 (29.541.2)
Headache 14.1 (H.1=17.1)
MS 47.1 (44.1-50.1)
Gl 17.7 (13.6-21.8)
Fatigue 529 (46.3-59.4)
Pulmonary 68.9 (63.5-74.2)
MS + GS 87.4 (83.1-91.8)
MS + Gl + GS 733 (67.1-79.5)
All symptoms 91.6 (84.7-98.4)

Notes: The numbers are adjusted for sex, age, and chronic disease. N=33,696. GS
includes headache, tiredness, and sleeplessness.
Abbreviations: Gl, gastrointestinal; GS, general symptoms; MS, musculoskeletal.

local independency between tiredness and sleeplessness in the
model with nine classes. Only minor issues with the assump-
tion were present in the models with 10-11 classes, and we
therefore accepted the assumption for these models. Concern-
ing the clarity, meaning, and simplicity of the models, the
two models with 9 and 10 classes performed relatively well,
while many of the classes in the 11-class model were diffi-
cult to interpret. The difference between the 9- and 10-class
models was an extra class in the 10-class model described by
high conditional probabilities of tiredness and sleeplessness
and low probabilities for other symptoms equivalent to the
local dependency between these two symptoms in the 9-class
model. Based on the observations, we chose the LCA model
with 10 classes as the final model.

The LR test of the model in two randomly split halves of
the data was significant (P<0.001) indicating lack of model
fit. The BIC value was however smaller in the full model
(BIC =209,191) than in the two small models together (BIC
=210,748), indicating that randomly splitting the data in two
did not improve the model. When we investigated the differ-
ences in the models, no specific difference was identified. We
identified the same classification problems in the two small
samples as in the full sample, especially with the few, mixed
symptoms profile. Thus, we assumed that the main problems
with the model were due to these classification problems, and
we therefore accepted the model with 10 classes and direct
effects between rapid heartbeat and chest pain and between
urinary incontinence and urinary retention to be the best model.

Somatic symptom profiles

Table 2 shows the conditional probabilities of the 19 symp-
toms in the 10 identified symptom profiles (also depicted
in Figure 1) including label, size, and expected number
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Figure | Ten graphs each representing a symptom profile.

Notes: The graph indicates the probability of being considerably bothered by the symptoms given at the X-axis when belonging to the specific symptom profile. The names
of the graphs represent the profile labels. The symptoms at the X-axis are sorted according to type/site of the symptom (categories in brackets below the graph). The model
includes direct effects between rapid heartbeat and chest pain and between urinary incontinence and urinary retention. GS includes headache, tiredness, and sleeplessness.
Abbreviations: CP, cardiopulmonary; Gl, gastrointestinal; GS, general symptoms; MS, musculoskeletal; OS, other symptoms.
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of symptoms for each profile. The largest profile with a
prevalence of 74.0% consisted of those without any consid-
erably bothering symptoms thus labeled “no symptoms”.
A partially similar profile with relatively low probability
for all the symptoms but still with 1.7 expected symptoms
was labeled few, mixed symptoms. However, as mentioned
earlier, this profile was poorly defined and had great overlap
with the no symptoms profile (Table S2). Five profiles were
mainly characterized by high probabilities for symptoms
from one body part/organ system: one profile with neck/
shoulder pain and headache (thus labeled “headache”), one
with MS symptoms (MS), one with GI symptoms (GI), one
with tiredness and sleeplessness (fatigue), and one with cold/
coughing, respiratory distress, and tiredness (pulmonary).
The expected number of symptoms in the five profiles was
1.9-3.6 with a prevalence of 1.5-6.8%, summing to 17.3%
of the population being considerably bothered by symptoms
from primarily one organ system. The last three profiles were
characterized by multiple symptoms (5.8—11.5 expected
symptoms) and had a total prevalence of 3.9%. Two of these
profiles were symptom specific with considerable overlap.
Thus, one consisted of those with MS symptoms, tiredness,
sleeplessness, and headache (MS + general symptoms), while
the others also had high probabilities of GI symptoms (MS
+ GI + general symptoms). The last profile was character-
ized by relatively high probabilities of all the 19 symptoms
(all symptoms).

Associations with sex, age, chronic

disease, and self-perceived health

Overall, the symptom profiles varied according to their
association with age, sex, and chronic disease (Table 3). Age
was associated with noticeable high ORs for being in the
few, mixed symptoms profile, while it was associated with
low ORs for the headache, the GI, and the fatigue profiles.
Women had high ORs for being in most of the profiles with
symptoms compared to the no symptoms profile, especially in
the headache, GI, and MS + GI + general symptoms profiles
(Table 3). In general, reporting a chronic disease, especially
a mental disorder, was associated with high ORs for being
in the profiles with symptoms, however with varying sizes
of the ORs (Table 3). Noticeably, all four disease categories
and particularly mental disorders were associated with high
ORs for being in the three multisymptom profiles. In contrast,
the ORs were relatively close to 1 in the headache and the
GI profiles. The rest of the profiles were strongly associ-
ated with specific diseases. Thus, being in the few, mixed

symptoms profile was strongly associated with having MS
and cardio-metabolic diseases, the MS profile with having
MS diseases, the fatigue profile with having mental disorders,
and the pulmonary profile with having cardio-metabolic and
pulmonary diseases (Table 3).

Poor self-perceived health tended to be positively associ-
ated with the number of expected symptoms in the profiles
(Table 4). For example, the risk was 91.6% in the multisymp-
tom profile and 1.2% in the no symptoms profile. Still, the
risk of poor self-perceived health differed substantially for
the profiles characterized by specific symptoms. Thus, the
headache and the GI profiles were associated with a low risk
of poor self-perceived health (14.1 and 17.7%, respectively),
while the fatigue and pulmonary profiles were associated with
a relatively high risk of poor self-perceived health (52.9 and
68.9%, respectively).

LCA on |3 more commonly measured
symptoms

When excluding the more objective and rarely measured
symptoms from the LCA, we identified the best model to
have nine classes and include a direct effect between dizzi-
ness and nausea (Table S3). Most of the profiles described
by the nine classes were similar to those found in the LCA
on all symptoms. The main differences concerned the fol-
lowing two profiles: the few, mixed symptoms profile, which
was not identified, and the pulmonary profile, which included
higher probabilities of cardio symptoms in the limited LCA
(thus labeled CP instead). The prevalence of the nine profiles
was almost equivalent to that of the 10 profiles in the main
analysis when combining the no symptoms and few, mixed
symptoms into one group. Exceptions were the fatigue profile
(0.02 in the full LCA and 0.05 in the limited LCA) and the
headache profile (0.05 vs 0.03, respectively).

We found similar tendencies in the symptom profiles’
associations with age, sex, and chronic disease in the two
LCA models (Table S4). Exceptions included that women
had higher ORs for being in the all-symptoms profile in
the limited model and that having a pulmonary disease was
associated with higher odds for being in the fatigue profile.
Similar risks of poor self-perceived health according to pro-
file membership were found in the two models (Table S5).

Discussion
Main findings

In this large epidemiological study, we identified 10 different
symptom profiles described by number and type/site of the
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symptoms: one without symptoms, one with few nonspecific
symptoms, five with symptom-specific profiles (headache,
MS, GI, fatigue, and pulmonary), and three with multiple
symptoms (MS + general symptoms, MS + GI + general
symptoms, and all symptoms). The no symptoms profile
contained three quarters of the population, while the three
multisymptom profiles contained 3.9% of the population.
The profiles could further be distinguished by their associa-
tion with sex, age, and chronic disease. Poor self-perceived
health was associated with the number of expected symptoms
in the profiles with some exceptions: the headache and GI
profiles had a low risk of poor self-perceived health, while
the few, mixed symptoms profile had a high risk. Similar
results were found when excluding symptoms with a more
objective character from the analyses.

Interpretation and explanations of the
findings
The identified profiles described clinical recognizable
symptom patterns from both well-defined diseases and more
unexplained syndromes, eg, fibromyalgia. For example, the
headache profile is often seen among people with tension
headache or migraine and the pulmonary profile is seen
among people with chronic obstructive pulmonary disease or
an ordinary cold. This was also reflected by the relatively high
OR for being in a profile characterized by symptoms similar
to symptoms of the respective disease. Still, a large part of
symptoms cannot be explained by well-defined diseases.?!-?
The symptom profiles could therefore also indicate possible
delimitations of more unexplained syndromes. However,
until the profiles have been explored more thoroughly, the
symptom profiles should not be interpreted as definitions of
diseases or new classifications of disorders but as complexes
of considerably bothering symptoms of different origin.
The few, mixed symptoms profile was vaguely character-
ized by its symptom prevalence but was recognizable when
including information on sex, age, and chronic disease as
it then could be interpreted as a profile for healthy seniors
with age-related health problems. Still, the risk of poor self-
perceived health was relatively high in this group. This indi-
cates that the absence of considerably bothering symptoms
is not equivalent with having a good self-perceived health.
Neither was the opposite, thus being considerably bothered
by symptoms and having poor self-perceived health, indicated
by the low risk of poor self-perceived health in the headache
and the GI profiles. Thus, health status was also associated
with the specific symptom combinations and not merely with
the quantity of symptoms.

Relation to other studies
The findings of symptom profiles with no/few symptoms
and with multiple symptoms were comparable with previ-
ous findings,”'* while only two of the previous studies also
found symptom profiles defined by specific symptoms.'"
However, the number and description of the profiles differed
from our findings except for an MS/pain profile,'"'? a GI
profile,'!? and an MS + GI profile." The divergent findings
could be a result of different materials and methods. Thus,
different symptoms were included in the analyses of symptom
profiles and some included groups of symptoms instead of
single symptoms.®!! This could limit the identification of
potential nuances in the profiles and thus limit the number
of profiles identified. Moreover, all the previous studies
focused on medically unexplained symptoms or functional
disorders, hence symptoms viewed as medically explained
were excluded in many of the studies.!®!1>!* Most of the pre-
vious studies were further clinical studies and thus based on
ahighly selected population,® '3 which could result in fewer
or biased profiles if transferred to the general population.
Many studies have investigated associations between
symptoms and groups of symptoms mostly using factor
analysis.®!%!%2-2 The findings differ, but in general, they have
found an MS, GI, and CP factor and some have also found
an overall factor comprising multiple symptoms from several
factors.?”?* Thus, these findings correspond well with our
findings of an MS, GI, pulmonary/CP, and the all-symptoms
profile. Furthermore, our findings also correspond surpris-
ingly well with findings of patient groups with “unexplained”
syndromes, such as fibromyalgia,*® irritable bowel syn-
drome,*! and bodily distress syndrome.!%*2 We found similar
prevalence as other epidemiological studies on these single
unexplained syndromes.**3! Furthermore, we confirmed the
finding that the GI symptom profile is very common in the
general population, but only in cases with multiple other
(non-GI) symptoms, it is associated with poor self-perceived
health.** Our study using LCA added further information on
symptom profiles, as we did not use predefined syndrome
definitions but still identified symptom profiles that were
originally described in the clinical literature. As we used an
explorative approach that enabled grouping of persons based
on symptom reporting instead of grouping of symptoms,
the considerable similarity of our findings with studies in
unexplained syndromes is remarkable.

Methodological considerations
Strengths of the study included that it is the first large pop-
ulation-based study to explore symptom profiles based on a
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variety of somatic symptoms covering the most frequently
reported symptoms in other studies.'® The use of LCA on
all the symptoms directly enabled a nuanced identification
and description of the somatic symptom profiles. Moreover,
the profiles were provided directly by the LCA model and
assignment to the profiles based on posterior probabilities.
Hence, the choice of cut points and underlying structure of the
symptoms were avoided and the uncertainty in the model was
included in the class assignment.> By relating the profiles to
age, sex, chronic disease, and self-perceived health, a better
understanding of the profiles was obtained.

However, the study also has some limitations. Some of the
profiles could be a result of chance findings and may be too
complex due to the large data sample and the many symptoms
included directly in the LCA. For instance, the relatively rare
multiple symptom profiles were rather similar and the differ-
ences may not be detectable in smaller samples. Nevertheless,
the interpretation of the profiles was clinically meaningful
and supported by many studies, and the complexity of the
model must be seen in the light of the disease complexity in
the general population. Also, limiting the analyses to fewer
symptoms did not reduce the number or interpretation of
the profiles considerably. A further implication of the large
data sample may be the lack of model fit according to the
LR test, as even minor chance associations may have been
given weight in the analyses. Therefore, we accepted the
model based on the exploration of model characteristics
including the BIC, even though the LR test was significant.
Another potential limitation was the use of a predefined
list of symptoms, as the symptoms included in the LCA
directly influenced which profiles could be identified. Yet,
as mentioned earlier, the list covered all the important and
frequently assessed symptoms identified in a recent review
of symptom assessing,' indicating that no major symptoms
were lacking. Moreover, the similarities between the LCA
on all symptoms and on 13 selected symptoms indicated a
robustness of the profiles. Still, the profiles were a result of
the assessed symptoms and they should be confirmed in other
similar studies focusing on symptom assessment. Another
limitation was the poor classification of some of the profiles
in the model, especially the few, mixed symptoms profile.
However, as mentioned earlier, the profile was distinguished
by higher OR for age and age-related diseases pointing toward
a profile consisting of healthy seniors with age-related health
problems.

The survey used in the study had a response rate at 0.52,
and the participants could be expected to be healthier than
nonparticipant.®3 This could have affected the identification

and size of the symptom profiles as other nonidentified pro-
files could exist among the nonparticipants and the prevalence
of'the profiles with symptoms may have been underestimated.
Furthermore, the identified profiles could also be affected if
the selection resulted in some symptoms were given too much
weight in the modeling process. However, as the profiles were
interpretable and clinically meaningful, we believe that this
bias may be minor.

Conclusions and implications of the
study

In this large population-based study, we found that symptom
profiles in the general adult population could be described
by both number and site/type of symptom presentations. The
symptom profiles were further characterized by their associa-
tion with sex, age, chronic disease, and self-perceived health.
The profiles were clinically recognizable but should not be
labeled with any disease or disorder categories. Instead, the
profiles can broaden the perspectives and provide additional
insight into the health status at both individual and population
level than if merely using disease status or single symptoms.?
Also, using the symptom profiles in further epidemiological
research, possible risk factors, pathophysiology, and prog-
nosis of multiple symptoms can be explored. This can add
valuable information to patient and public health management
beyond the knowledge of well-defined diseases. Furthermore,
the symptom profiles including a broad focus on multiple
symptoms may help guiding the delimitation and manage-
ment of more unexplained syndromes. However, the analyses
were explorative and based on a predefined list of consider-
ably bothering symptoms, and the validity of the symptom
profiles needs to be explored and confirmed in other popu-
lations preferable with a focus on symptom measurement.
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Supplementary materials

Table S| Model fit statistics for latent class models with 1-15
classes based on data on 19 self-reported symptoms

Number of LL BIC CAIC Classification
classes error
I —121,722 243,664 243,685

2 -107,331 215,093 215,134 0.044
3 —106,073 212,786 212,847 0.068
4 —104,923 210,697 210,778 0.087
5 —104,298 209,655 209,756 0.095
6 —104,080 209,430 209,551 0.099
7 —103,926 209,331 209,472 0.111
8 —103,790 209,270 209,431 0.119
9 —103,657 209,214 209,395 0.123
10 —103,541 209,191 209,392 0.127
I —103,466 209,252 209,473 0.132
12 —103,409 209,347 209,588 0.144
I3 —103,354 209,448 209,709 0.139
14 —103,309 209,567 209,848 0.149
I5 —103,260 209,680 209,981 0.140

Note: The model includes direct effects between rapid heartbeat and chest pain and
between urinary incontinence and urinary retention.
Abbreviations: BIC, Bayesian Information Criterion; CAIC, Consistent Akaike’s

Information Criterion; LL, log likelihood statistics.

Table S2 Classification table for the latent model with 10 classes based on 19 self-reported symptoms

Profiles No MS Headache Few, mixed MS Gl Fatigue Pulmonary MS + All Total
symptoms symptoms + Gl + symptoms
GS GS

No symptoms 24,6174 4139 6858 818.8 57 640 800 60.2 1.2 0.3 26,747.2
MS 4139 1417.0 163.4 175.4 177.0 17.6 348 254 15.5 0.9 2440.8
Headache 685.8 1634 7184 104.4 31.3 332 897 31.2 6.7 0.4 1864.3
Few, mixed symptoms 818.8 1754 1044 503.8 272 268 653 46.8 27 1.2 1772.4
MS + GS 5.7 1770 313 27.2 4838 3.0 266 284 36.3 227 841.9

Gl 64.0 176 332 26.8 3.0 4937 249 1.2 46.4 0.6 7212
Fatigue 80.0 348 897 65.3 266 249 288.0 18.5 8.8 1.3 637.9
Pulmonary 60.2 254 312 46.8 284 112 185 307.8 72 3.6 540.5
MS + Gl + GS 1.2 155 67 27 363 464 88 72 2924 20.8 437.9
All symptoms 0.3 0.9 0.4 1.2 227 06 1.3 36 20.8 107.2 158.9
Total 26,747.2 2440.8 1864.3 1772.4 841.9 7212 6379 540.5 437.9 158.9 36,163.0

Notes: The table shows the cross-tabulation of the true profile membership against the predicted profile membership based on proportional assignment. The shaded diagonal
represents those who have been assigned correctly. The model includes direct effects between rapid heartbeat and chest pain and between urinary incontinence and urinary
retention. GS includes headache, tiredness, and sleeplessness.
Abbreviations: Gl, gastrointestinal; GS, general symptoms; MS, musculoskeletal.
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Table S3 Conditional probabilities of the symptoms given the 9 classes in the LCA model based on 13 more commonly measured

symptoms including class size and expected number of symptoms

Profile No Headache Fatigue MS Gl CP MS+ MS+ All
symptoms GS Gl +GS  symptoms

Class size 0.773 0.026 0.052 0.078 0.020 0.009 0.026 001l 0.006
Expected number of symptoms 0.2 2.0 2.0 2.1 28 38 4.5 6.1 8.4
Back pain 0.02 0.20 0.11 0.61 0.13 0.24 0.84 0.74 0.75
Pain in leg/hip/knee 0.03 0.04 0.14 0.60 0.10 0.30 0.81 0.73 0.78
Neck/shoulder pain 0.03 0.47 0.16 0.44 0.10 0.22 0.91 0.80 0.84
Stomach pain 0.0l 0.06 0.09 0.03 0.87 0.13 0.05 0.98 0.60
Indigestion 0.0l 0.03 0.07 0.04 0.84 0.15 0.13 0.79 0.47
Nausea 0.00 0.05 0.05 0.00 0.16 0.09 0.04 0.23 0.34
Respiratory distress 0.0l 0.02 0.10 0.05 0.05 0.67 0.13 0.17 0.63
Rapid heartbeat 0.00 0.0l 0.04 0.00 0.01 0.57  0.04 0.00 0.84
Chest pain 0.00 0.00 0.0l 0.01 0.01 0.49  0.02 0.03 0.59
Tiredness 0.02 0.25 0.64 0.14 0.28 0.47  0.63 0.69 0.77
Sleeplessness 0.01 0.04 0.36 0.09 0.14 0.17 0.39 0.38 0.67
Headache 0.02 0.74 0.18 0.04 0.10 0.09 0.35 0.34 0.61
Dizziness 0.00 0.09 0.09 0.02 0.04 0.17 0.15 0.19 0.51

Notes: The table shows the class size, expected number of symptoms, and symptom probability given the classes. Numbers in bold indicate a symptom probability of >0.30.
The profiles are sorted according to the number of expected symptoms. The model includes a direct effect between dizziness and nausea. GS includes headache, tiredness,

and sleeplessness. N=36,163.

Abbreviations: CP, cardiopulmonary; Gl, gastrointestinal; GS, general symptoms; LCA, latent class analysis; MS, musculoskeletal.

Table S4 OR for being in the symptom profiles compared to the healthy profile, based on the LCA on |3 symptoms

Profile No Headache Fatigue MS Gl CP MS+GS MS+ All
symptoms Gl + GS symptoms

Age

Average (year) | 0.93 0.98 1.05 0.98 1.06 1.02 1.02 1.01

(95% Cl) (Ref.) (0.91-0.94) (0.98-0.99) (1.04-1.05) (0.97-0.99) (1.04-1.07) (1.01-1.03) (1.01-1.03) (1.00-1.02)
Sex

Women vs men, OR | 8.6 2.0 1.5 2.6 0.6 2.5 2.8 2.1

(95% Cl) (Ref.) (5.0-14.7) (1.7-24) (1.3-1.7) (2.1-3.2) (0.4-0.8) (2.0-3.1) (2.1-3.7) (1.5-2.9)
Chronic disease

Musculoskeletal, OR | 1.3 1.5 114.5 1.5 37 14.8 1.3 1.7

(95% Cl) (Ref) (1.0-1.6) (1.2-1.7) (48.0-273.3) (1.2-1.9) (2.8-5.1) (11.7-18.7) (84-152) (7.8-17.3)

Cardio-metabolic, OR | 0.3 2.0 3.0 1.4 10.7 32 32 6.3

(95% Cl) (Ref.) (0.1-0.6) (1.7-2.4) (2.6-3.4) (1.1-1.7) (7.5-15.2) (2.6-3.9) (2.54.1) (4.5-8.6)

Mental, OR [ 3.0 16.1 2.7 6.1 73 155 14.9 293

(95% Cl) (Ref.) (2.14.3) (13.6-19.0) (2.1-3.3) (4.9-7.6) (5.1-10.5) (12.8-18.8) (I1.5-19.2) (20.8-41.2)

Pulmonary, OR | 1.2 32 2.6 1.8 1.6 38 5.1 8.0

(95% Cl) (Ref.) (0.8-1.9) (2.6-3.9) (2.2-3.0) (1.3-2.4) (8.6-15.7) (3.0-4.8) (3.9-6.7) (5.7-11.3)

Notes: The model includes a direct effect between dizziness and nausea. N=35,188-36,163. GS includes headache, tiredness, and sleeplessness.
Abbreviations: CP, cardiopulmonary; Gl, gastrointestinal; GS, general symptoms; LCA, latent class analysis; MS, musculoskeletal; OR, odds ratio; Ref., reference profile.
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Table S5 The probability of poor self-perceived health within
each of the 9 symptom profiles based on the LCA on |3 symptoms

Symptom profiles

Poor self-perceived health

% (95% CI)

No symptoms 2.0 (1.7-2.2)

Headache 16.9 (12.7-21.1)
Fatigue 45.0 (41.4-487)
MS 40.7 (37.943.4)
Gl 20.5 (16.2-24.8)
CpP 65.9 (57.5-74.2)
MS + GS 87.9 (83.7-92.2)
MS + Gl + GS 76.0 (70.0-82.1)
All symptoms 845 (78.3-90.7)

Notes: The model is adjusted for sex, age, and chronic disease. The model includes
a direct effect between dizziness and nausea. N=33,696. GS includes headache,
tiredness, and sleeplessness.

Abbreviations: CP, cardiopulmonary; Gl, gastrointestinal; GS, general symptoms;
LCA, latent class analysis; MS, musculoskeletal.
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