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Highlights  

 We identified five pain trajectories in individuals with chronic pain in the general 

population 

 The majority of individuals with chronic pain in the general population have stable 

pain trajectories over an extended period   

 A substantial proportion of individuals fluctuate between mild and moderate pain, 

which is an often-used cut-off 

 Pain trajectories are associated with key biopsychosocial characteristics 
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Abstract 

Epidemiological studies have to a little extent addressed the potential fluctuations of 

chronic pain over time, and there is a lack of information about the long-term course of pain 

using repeated measurements. We wanted to identify different trajectories of pain during 

eight waves of follow-up over four years among individuals in the general population 

reporting pain lasting at least six months at baseline. Secondarily, we wanted to investigate 

whether biopsychosocial factors at baseline were associated with the different pain 

trajectories.  Longitudinal Latent Class Analysis (LLCA) was performed to classify 1905 

random participants from a larger population-based study (HUNT3) into groups based on 

their longitudinal pain severity reporting. A five-class solution gave the best fit. The terms 

chosen to describe the pain trajectories were: “fluctuating” (n = 586 [31 %]), “persistent 

mild” (n = 449 [24 %]), “persistent moderate” (n = 414 [22 %]), “persistent severe” (n = 251 

[13 %]), and “gradual improvement” (n = 205 [11 %]). In a multinomial logistic regression 

model using “gradual improvement” as the reference category, the “persistent moderate”, 

“persistent severe”, and “fluctuating” pain groups were associated with chronic widespread 

pain (CWP), elevated levels of catastrophizing, and poorer mental health.  The “persistent 
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mild” group was associated with sleep difficulties only. This study finds that although most 

individuals have a stable pain course, individuals in the largest distinct trajectory reports pain 

that fluctuate between mild and moderate levels, thus fluctuating under and above the chronic 

pain definition using moderate pain or more as a criterion.  

Perspective: When examining the long-term course of chronic pain in the general 

population, five trajectories emerge. Although most individuals have stable pain, the largest 

distinct trajectory fluctuated under and above the chronic pain cut-off, using moderate pain or 

more as a criterion. A dichotomous categorization of chronic pain may be overly simplistic. 

 

Introduction 

Estimates of prevalence of chronic pain vary from 9% to 64% in the general 

population
24, 42

. One of the most important factors accounting for this substantial variance is 

inconsistency in the operational definitions used in various studies
42

.  This problem stems 

mainly from lack of a clear and standardized definition of chronic pain. The International 

Association for the Study of Pain (IASP) proposed that pain lasting for longer than three 

months
32, 46

 and for research purposes, six months, should be the working definition of 

chronic pain
32

. However, a recent meta-analysis found that variations in prevalence estimates 

are not related to the different duration criteria
42

. The IASP Task Force which has developed 

the definition for chronic pain for ICD-11, specified additional criteria such as pain severity 

or interference
46

, but without a standard way of measuring these and without a predefined 

cut-off that has been agreed upon. 

With the possible recurrent nature of pain in mind, a dichotomized cut-off seems to 

indicate that some individuals may fluctuate under and above the chronic pain classification. 

However, epidemiological studies have to a little extent addressed the potential fluctuations 
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of chronic pain over time, and there is a lack of information about the long-term course of 

pain using repeated measurements in chronic pain epidemiology. Existing studies of chronic 

pain have often had only one follow-up time point which prevents longitudinal fluctuating 

patterns from being studied
13, 14

. One statistical method suitable for identifying course 

patterns using repeated measures is Longitudinal Latent Class Analysis (LLCA), which is a 

data-driven method that aims to reduce within-group variability and increase between group 

heterogeneity. The use of LLCA in previous studies has identified four or five subgroups of 

low back pain (LBP) sufferers
3, 8, 10-12, 20, 21, 31, 44, 45

, showing that most individuals with LBP 

experience a persistent or fluctuating pain of low or medium intensity, whereas one sub-

group develops chronic severe pain and another recovers
20

. These sophisticated analyses have 

been limited to specified pain conditions such as LBP and not applied to chronic pain as one 

distinct entity
9, 34

. Further, most studies have been on treatment-seeking individuals. Now 

standing as its own diagnosis in ICD-11
54

, we believe there is a need for more information on 

the long-term natural course of chronic pain measured as a distinct disease entity.  

The primary aim of the present study was therefore to describe the natural course of 

chronic pain in the general population by identifying underlying patterns of pain in repeated 

measures over four years. Secondarily, we wanted to determine the relevance of the pain 

trajectories, by investigating several biopsychosocial characteristics measured at baseline.  

 

Methods 

Study sample and procedures 

This is a longitudinal population-based study, part of the larger ongoing HUNT study.  

To date, three HUNT studies have been conducted in which the total population of Nord 

Trøndelag County in Norway was invited to participate:  HUNT 1 (1984–86), HUNT 2 

(1995–97), and HUNT 3 (2006–08) and a fourth study (HUNT 4) is expected to be finished 
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in 2019.  The overall participation rates in the completed studies have been 90%, 70%, and 

54%, respectively 
23

. In HUNT 3, the response rate was higher among women (59%) than 

men (50%) and lowest among the youngest age groups (31% for the age group 20 to 29 

years).  A nonparticipation analysis has shown that nonparticipants had lower socioeconomic 

status, higher mortality, and higher prevalence of several chronic diseases relative to 

participants, and that participants reported a higher prevalence of musculoskeletal pain, 

urinary incontinence, and headache, relative to nonparticipants 
27

.  

A random sample of 6419 individuals from two municipalities that participated in 

HUNT 3 was invited to answer questionnaires about pain and associated characteristics at 

quarterly intervals for 12 months (five questionnaires), followed by three questionnaires at 

annual intervals for three additional years. Among these, 4782 (75%) agreed to participate, 

and all participants gave informed consent. Questionnaires were mailed every three months 

for 12 months (five questionnaires in total). Reminder questionnaires were mailed to non-

responders after one month. If the reminder was not returned, no new questionnaires were 

mailed until the 12 months follow up. The study has been described in more detail elsewhere 

24-26
.  The study was approved by the Regional Committee for Medical and Health Research 

Ethics Central Norway.  

The inclusion criteria for the current study was all individuals answering reporting 

having had pain for at least six months at baseline (n=2196), thus excluding individuals with 

acute pain. 

Measures 

Chronic pain case definition 

Chronic pain was  assessed by the question: “Do you have bodily pain which has 

lasted for more than 6 months?“ which was constructed to meet the IASP proposal for 

classification of chronic pain 
32

. Pain severity was assessed by the question: “How much 
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bodily pain have you had during the past week?”. The question is included in the SF-8 and 

the SF-36 health surveys, and has evidence supporting its validity as a single item measure of 

pain intensity 
51

. Responses are provided on a 6-point verbal rating scale (i.e., “None”, “Very 

mild”, “Mild”,” Moderate”, “Severe”, or “Very severe”). A cut-off between mild and 

moderate has been demonstrated to identify individuals with pain of a more complex nature
16

. 

For the LLCA of the current study the scale was divided into four categories: no pain 

(“None”), mild pain (“Very mild” or “Mild”), or moderate pain (“Moderate”) and severe pain 

(“Severe” or “Very severe”).  

Chronic widespread pain (CWP) 

A body map was used to measure location and spatial distribution of pain. The map 

displays a full body figure in frontal and dorsal views. Included beside the body map are 

check boxes with predefined layman labels of 16 body regions including left and right sided: 

jaw/teeth, shoulder/arm, wrists/hands, elbows, calves, hips, thighs, knees, feet/ankles, in 

addition to chest, stomach, pelvis/genitalia, neck, low back, upper back and head, which 

gives 23 possible areas. CWP was defined according to the American College of 

Rheumatology (ACR) criteria: pain on the left side of the body, pain on the right side of the 

body, pain above the waist, and pain below the waist. In addition, axial skeletal pain (cervical 

spine or anterior chest or thoracic spine or low back) need to be present
53

.  

Mental health 

Mental health was assessed using the Mental Health Inventory-5 (MHI-5) which is a 

five-item scale with three questions assessing depression and two assessing anxiety 

symptoms 
2
.  These questions are included in the SF-36 health survey

52
, and are published as 

an independent screening test.  The items are scored on a 6-point Likert scale (1 = “All of the 

time” to 6 = “None of the time”).  A total score is calculated by reversing two of the items and 

summing the ratings, and the score is then transformed to a scale from 0-100 using a standard 
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linear transformation where a higher score indicates better mental health. To ease 

comprehensibility, we further transformed this variable, so a one unit increase in MHI-5 

represents 10% of the scale. The MHI-5 is validated as a screening tool for detecting mood 

disorders 
5, 39

.  The Norwegian version of the MHI-5 has been validated and has shown 

acceptable psychometric properties 
43

. The Cronbach α for the MHI-5 in the current sample 

was .83, indicating good reliability.  

Catastrophizing 

Catastrophizing was assessed using the two-item version of the catastrophizing 

subscale of the Coping Strategies Questionnaire 
17

.  The scale measures subjective 

evaluations of helplessness and threat when experiencing pain 
38

. The items are rated on a 7-

point Likert scale (0 = “never do”, 6 = “always do that”).  The two-item version has shown 

good psychometric properties, correlates strongly with the full scale, and has been shown to 

be sensitive to change 
17

.  

Sleep difficulties 

Sleep satisfaction was measured by the question:” During the past week, have you had 

trouble sleeping?” The item is a 4-point Likert scale (“Not at all”, “Little”, “Some”, “Very 

much”).  A similar one-item measure of global sleep satisfaction has previously been shown 

to be a good indicator of the presence of a sleep disorder and discriminator of the severity of 

sleep disturbance in the general population 
36

.  For this study, the scale was dichotomized 

with a cut-off between “Not at all” and “Some” indicating sleep difficulties to a significant 

degree.  

Organ disease comorbidity  

Information on organ-specific diseases was obtained by self-report of the following: 

“During the past 12 months, have you had the following: cardiovascular disease, lung 
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disease, cancer, gastrointestinal disease, kidney disease, neurological disorder or diabetes”.  

Self-report of these chronic diseases have been found to be fairly accurate 
22

. Arthritis 

(rheumatoid arthritis, psoriasis arthritis, Bechterew’s disease), osteoarthritis, osteoporosis, 

other musculoskeletal disorders, fractures and nerve injuries were not included due to 

the close relation with pain. Responses to these questions were dichotomized into no disease 

or any comorbid disease.  

Statistical analyses 

To investigate whether it is possible to identify different trajectories of pain in the 

general population based on the eight measurement occasions, we applied Longitudinal 

Latent Class Analysis (LLCA).  LLCA is a statistical approach that assumes that there is a 

certain number of distinct time trends or trajectories to be identified in reports over time of a 

certain variable, in this case pain severity. In this approach, within-class variation is 

minimized and between-class variation is maximized. The variable “time” was entered as a 

nominal predictor, so the time estimations could take any pattern.  

We included one-class to eight-class model solutions in our analyses and inspected 

improvements in statistical fit to identify the optimal number of classes. We based our 

decision on the likelihood-ratio statistic (LL
2
) and the Bayes Information Criterion (BIC)

40
 

and for both, a lower value indicates a better statistical fit. We also calculated the percentage 

of reduction in LL
2
 per model increase. The bootstrapped likelihood ratio test was performed 

to evaluate whether an increasing number of classes would significantly improve model fit.  

Further, the average posterior probability of class membership of the possible models was 

considered. Each participant has a probability for belonging to each class (between 0 and 1), 

and participants are allocated to the class for which this probability is the largest. An average 

posterior probability above 0.7 in each class is considered acceptable for the separation of 

individuals
33

. Entropy, which is a rescaling of the posterior probability was considered for 
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overall class distinctiveness. Lastly, other factors such as class size and clinical 

interpretability of the classes were considered.  

The series of models with one-class to eight-class model solutions were repeated ten 

times to assure that the best final model reached a global maximum likelihood solution 
28

. 

When the potential best model was chosen, a bootstrapped parametric likelihood test was run 

to compare the chosen model with K classes to a model with one less (K-1) class, to evaluate 

if the addition of a class significantly improved the model fit 
35

. Results from the analysis are 

given in probabilities of a positive response to the categorical variables (a probability of 1 

means that all individuals in the subgroup responded positively to that category). Three 

individual cases were chosen randomly from each trajectory group and visual plots was made 

for inspection of the course trend. The labelling of the trajectory groups was based both on 

the observed pain severity levels over time and individual trajectories within each group.  

To investigate whether baseline biopsychosocial characteristics are associated with 

membership in the different pain trajectories, a multinomial logistic regression analysis with 

group membership as the outcome variable were performed.  Baseline characteristics of 

interest as predictors were chosen a priori based on existing literature. Preliminary analyses 

were first conducted to ensure there was no violation of the assumption of linearity for the 

continuous predictor variables. If departure from linearity was detected, the variables were 

dichotomized or trichotomized. The risk of belonging to each trajectory group for a given 

characteristic was compared to the reference category with least severe pain. First, separate 

multinomial regression analyses were performed for each independent baseline variable, 

adjusted for age and sex. In the second model, we added all the variables simultaneously.  

Results from the multinomial logistic regression are given in relative risk ratios (RRR).  
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The level of significance for all statistical tests was set at p < 0.05.  The LLCA was 

conducted using Latent GOLD 5.1
49

. Information about class membership and estimated 

posterior class membership probabilities was exported and further analyzed in Stata 15
41

. 

 

Results 

Participants, design and procedure 

For all individuals invited to participate in the HUNT pain study (n=6420), response 

rates on the pain variable ranged from 73% (4620/6420) at baseline to 53% (3372/6420) at 

the 48 months follow-up time point. Among those reporting chronic pain at baseline, a total 

of 291 (13%) individuals were excluded due to high level of missing follow-up values, 

leaving 1905 individuals for further analysis. The mean age was 56.6 years (SD 13.5) and 

61% had female gender. Further characteristics of the sample are presented in Table 1.  

Model development and descriptions of trajectories  

There was a rapid decrease in BIC from one- to four-class models (Table 2). For the 

subsequent models, the reduction evened out. When calculating the percentage of reduction 

in LL
2
 from the H0 model, there was little benefit in reducing further than five classes, which 

after had a 1% or less reduction. The LL
2
 and BIC favored a seven-class solution. However, 

as the gains in model fit was so minimal from four classes, we chose to evaluate the four and 

five and class solutions according to further criteria. The average posterior probabilities 

values were within the 0.7 criteria for all models. The bootstrap likelihood test supported a 

continuous adding of new models with p < 0.001 for all solutions.  

One is encouraged to choose the most parsimonious model, as an increasing number 

of classes often will not give new distinct classes itself, but rather divide larger groups into 

subgroups with slightly different pattern while the main pattern is similar. As the fifth group 
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in the five-class solution was a clinically meaningful group where a new distinct type of main 

pattern was added (improvement), it was therefore chosen as the best model fit for the data. 

Further, this was not the case when adding a sixth class, as this solution rather divided one of 

the main patterns (fluctuating) from the five-class solution into two smaller subgroups.  

Three of the groups had a very stable pattern of pain reports across all follow-up 

measurements and were labeled: “Persistent mild” (n = 449 [24 %]), “persistent moderate” (n 

= 414 [22 %]), and “persistent severe” (n = 251 [13%]). The “persistent mild” group had a 

high probability of reporting mild pain (range: 0.76- 0.80) at all occasions, the “persistent 

moderate” group had a high probability of reporting moderate pain (range: 0.71- 0.80) at all 

occasions, and “persistent severe” group had a high probability of severe pain (range: 0.60 - 

0.77) at all occasions. Of note, among individuals in the “persistent moderate” group, the 

probability of reporting severe pain increased gradually from 0.12 at baseline to 0.26 at the 

48 months follow up. This type of development was not seen in the other stable groups. In 

sum, the proportion of individuals within a persistent pain group was altogether 59% 

(n=1114) of the sample, indicating that most individuals are stable in their pain level. 

A fourth group was labelled “fluctuating” (n = 586 [31 %]) as individuals showed a 

fluctuating course between pain levels. This was the largest single group, as one of every 

three individuals was classified here. Individuals in this group had highest probability of 

reporting mild pain (range: 0.34 - 0.41), and moderate pain (range: 0.50 - 0.55). Individuals 

in this group had almost zero probability for reporting no pain, and the probability for severe 

pain was also low (range: 0.07-0.09). indicating that their fluctuations were mainly around 

mild to moderate pain. A fifth group was labelled “gradual improvement” (n = 205 [11 %]) as 

they displayed an increasing probability of reporting no or less severe pain throughout the 

follow up period. Accordingly, the probability of reporting no pain doubled, from 0.25 at 

baseline and stabilizing around 0.50 at nine months and continuing throughout follow-up. 
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The mean posterior probabilities with their respective 95% confidence intervals indicated 

acceptable distinctiveness and precision for assigned membership to each group (Table 3). 

 Figure 2 shows the mean pain intensity scores at all follow-up time points for each 

trajectory group. It is important to note that a fluctuating pattern cannot be seen on group 

means. This is because two individuals in the same group may have increases or decreases in 

pain at different time points and this is illustrated by individual curves (Supplementary Figure 

1).  

Associations between baseline factors and trajectory group membership 

A multinomial logistic regression analysis was performed to compare biopsychosocial 

characteristics at baseline of individuals in each trajectory group with the “gradual 

improvement” group (Table 4). 

Compared with the “gradual improvement” group, older age was significantly 

associated with membership in all groups but the “persistent mild” group. Sex was not 

associated with membership in any of the groups. Sleep difficulties showed a strong 

association with the “persistent severe” group (RRR 3.10, [95% CI 1.80-5.34]), followed by 

the “persistent moderate” group (RRR 3.05, [95% CI 1.99-4.68), the “fluctuating” group 

(RRR 2.68, [95% CI 1.83-3.93]) and the “persistent mild” group (RRR 2.13, [95% CI 1.45-

3.13]). Having a comorbid organ disease, as compared to not, was associated with the 

“persistent severe” group (RRR 2.84, [95% CI 1.66-4.86]. Having CWP, higher levels of 

catastrophizing and poorer mental health was significantly associated with all but the 

“persistent mild” group.  For CWP, the strength of association was largest for the “persistent 

severe” group (RRR 10.89, [95% CI 5.08-23.33]), followed by “persistent moderate” (RRR 

8.12, [95% CI 3.94-16.71]), and “fluctuating” groups (RRR 4.06, [95% CI 1.99-8.29]).  For 

catastrophizing, the strength of association was largest for the “persistent severe” group 
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(RRR 4.02, [95% CI 3.24-4.99]), followed by the “persistent moderate” group (RRR 2.01, 

[95% CI 1.67-2.40]), and “fluctuating” group (RRR 1.48, [95% CI 1.26-1.76]). For poorer 

mental health, the strength of association was largest for the for the “persistent severe” group 

(RRR .76 per 10% increase [95% CI .64-.90]), followed by the “persistent moderate” group 

(RRR .79 per 10% increase [95% CI .68-.93]), and “fluctuating” group (RRR .83 per 10% 

increase [95% CI .71-.97]).   

Sensitivity analyses 

The LLCA using cases with complete data only (n=1318, 69%) yielded a similar five-

class solution as the main analysis (data not shown).  

Discussion  

Our main finding is that most individuals with chronic pain in the general population 

have stable pain trajectories over an extended period of time. Five discrete pain trajectories 

were identified, of which three represented stable courses of ” persistent mild” (24%), 

“persistent moderate” (22 %), and “persistent severe” (13%), a fourth fluctuated mainly 

between mild and moderate pain levels (“fluctuating”, [31%]), and the fifth and smallest 

group showing an important pain improvement (“gradual improvement”, [11%]). Similar 

trajectories have been found in LBP cohorts of treatment-seeking individuals. Our study 

extends previous findings by demonstrating that the same patterns are shared by heterogenous 

pain conditions in the general population. Also, our follow-up period was substantially longer 

than the 12 months which has been examined earlier.  

The “fluctuating” group comprised a third of the sample (31%). The size of this group 

has been considerably smaller in other studies
8, 10, 11

. However, the only previous study from 

the general population found similar groups (although follow-up was limited to 12 months) 

45
. An argument has been made that these individuals stabilize over time

10
. In fact, we found 
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that this group had high probabilities of both mild and moderate pain at all follow-up points. 

It may be argued that these individuals have a rather stable trajectory, only fluctuating 

between mild and moderate pain, and thus seems to go under and above the definition of 

chronic pain using moderate pain or more as a criterion. In an epidemiological context, this 

fluctuation has potential for confusing prevalence estimates of chronic pain.  

A crucial finding is that an improving group was identified, with most substantial 

improvement happening within the first three to six months. This group is common in studies 

with treatment-seeking individuals
7, 8, 11, 21, 31

, but not in general population studies
45

. Possibly 

some of them had an acute onset about six months prior to the study and then the pain 

gradually improved. In that case, this reflects a single episode of chronic pain. In previous 

longitudinal studies having two measurement occasions, the proportion of individuals 

recovering from chronic pain has been 5% - 8%
13, 24

 using various case definitions, length of 

follow-up and definitions of recovery. Since these studies have one follow-up time point, 

longitudinal fluctuating patterns cannot be studied.  A recent study from HUNT defined 

recovery as a transition from chronic pain of at least moderate intensity to no chronic pain, 

and found that of the 8% who recovered at one year follow up, a substantial proportion re-

transitioned into chronic pain later
24

. Our findings are more refined in that the dichotomized 

value of pain severity is not used and show that one of every tenth participant has 

improvements, both to no pain and to mild pain. A rapid and later stabilized improving 

pattern is similar to that found in inception cohorts of neck and low back pain
47

. Whether this 

improvement is lasting, is a result of the episodic nature of the pain or due to treatment, 

remains a question unanswered.  

A second aim was to investigate whether baseline biopsychosocial characteristics 

were associated with trajectory membership. Earlier studies have shown trajectories to be 

associated with factors across biopsychosocial domains such as general health and 
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comorbidity 
7, 8, 10, 45

, activity limitation 
11, 21, 45

, work participation 
11, 45

, symptoms of 

depression and anxiety 
10, 11, 21

, recovery expectations 
7, 8, 21

, and in a single study, also 

catastrophizing and health care utilization 
11

. Our results are in line with and extends these 

findings to heterogenous pain conditions in the general population. Of note, the “persistent 

moderate” and “persistent severe” groups were associated with all biopsychosocial factors at 

baseline, compared with the “gradual improvement” group, whereas few differences were 

found between “persistent mild” and “gradual improvement”. In general, the number and 

strength of associations with negative predictors tended to increase as a function of mean 

longitudinal pain severity. Identifying the factors associated with pain trajectories are 

important as these might be factors modifiable if targeted in treatment.   

People seeking treatment for pain contemplates on whether their pain will get worse 

or can be improved
37

. It has been suggested that the word “chronic” is misleading as it gives 

the impression that pain is static and not subject to change
50

. Although our data show that 

pain tend to be stable, they do not show that the pain is a static trait. A large proportion of 

individuals experienced fluctuations to some degree, and in all groups, there was a possibility 

of experiencing mild pain. Thus, our results do not imply that one should refrain from giving 

hope that pain might improve, but they may guide health providers and patients to set realistic 

expectations and goals. 

Although we did not identify a worsening trajectory, one can see from Figure 1 that 

the “persistent moderate” group has a tendency towards a higher probability of severe pain at 

the later follow-up time points. This is a group, which in addition to the “persistent severe” 

group (who could not transition towards worse pain categories), should receive extra 

attention regarding treatment interventions.  Although we know from studies in 

multidisciplinary treatments
19

, psychological treatments
48

, and drug treatments
4
 that pain 

intensity is not generally reduced by treatment, measures should be taken to help these 
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individuals to prevent the chronic pain to become worse. Psychological distress, sleep 

problems, and adverse coping might be relevant targets for obtaining this. 

Strengths and limitations  

A strength of the current study is the large sample size and the frequency of follow-up 

time points contributing to estimates that are more precise.  This study has a follow up period 

of four years, which is a considerably longer than earlier studies, usually limited to 12-

months and less intervals. When the study was planned, sample size was calculated to  

determine incidence as low as 2% with sufficient precision
24

. Although we used only 1905 

participants from the sample, we considered our smallest group, being 11%, as well within 

the limit of acceptable precision.   

A limitation to be considered is loss to follow-up, which may reduce the 

representativeness of our estimates. This study is part of the HUNT study, which had a 54% 

participation rate, and this is likely to limit representativeness of the participants.  The current 

study had a 29% attrition rate from baseline to the four-year follow-up.  However, the 

attrition has been shown to not be largely influenced by pain
24

, and research suggests that 

declines in participation rates of survey studies are not likely to have substantial influence on 

studies of associations 
15

. The male-female ratio was similar at every measurement follow-up, 

whereas the proportion of the youngest age group declined and the proportion of middle-aged 

individuals increased from baseline to four-year follow-up
24

. Our results may therefore better 

reflect the course of chronic pain among middle-aged and older individuals than younger 

adults. Although some studies exist 
12, 30

, more research should focus on adolescence and 

young adults to see if these replicate other age groups, to confirm or reject whether these pain 

trajectories are stabilized in older age.  
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A limitation of the LLCA methodology is that evaluating the right number of classes 

is based on several statistical stopping rules which often do not indicate one specific model 

solution as the best fit. Several factors might affect which trajectories are found. Episodic 

pain is defined as pain which is interrupted by a period of no pain lasting at least one month
6
. 

Our time intervals prevented us from identifying episodic pain following this definition. For 

instance, one can speculate whether individuals in the “gradual improvement” group may 

have had episodes between the yearly measurements. To confirm or reject this hypothesis, we 

would need more frequent measurements.  

 Although pain intensity is the most common outcome measure, “bothersomeness” 
1
 

and “days in pain” 
21, 29

 have been used and might affect the results. Future research should 

explore trajectories of other factors than pain intensity, such as pain interference 
18

 or 

function, and also time-varying covariates more distantly related to pain such as depression or 

sleep problems.  

Finally, when investigating associations between baseline factors and trajectories 

some considerations need to be taken into account. Some predictors, either continuous or 

ordinal, were dichotomized to ease interpretation or to meet the assumptions of the regression 

model. This might have reduced some precision, but probably did not changed our 

conclusions. We used the “gradual improvement” group as reference category as we 

considered this group most meaningful to compare the other groups with. However, choosing 

another reference category could have displayed other relevant differences between the 

trajectories. The level of significance for the statistical tests was set at p < .05, and multiple 

comparisons were made without adjusting for this, which might increase the risk for type I 

errors.  

Conclusions 
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Five trajectories emerged when examining the natural long-term course of chronic 

pain in the general population. Although most individuals have a stable pain course, the 

largest distinct trajectory had pain levels that fluctuated between mild and moderate pain. 

Thus, the same distinct types of pain trajectories found in treatment-seeking samples, limited 

to LBP, also exist in a population-based sample reporting diverse types of chronic pain. 

These different pain trajectories are associated with different key characteristics not used in 

the subgroup formation, which further supports their relevance and may act as potential 

targets for treatment. 
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Figure 1. Proportion of individuals reporting no, mild, moderate and severe pain in the five 

different pain trajectories identified by the longitudinal latent class analysis of the individuals 

with pain 6< months at baseline (n=1905). Proportions are shown for each follow-up time 

point. 
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Figure 2. Average pain intensity values for all the five trajectory groups identified over all 

eight follow-up measures.  
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Supplementary figure 1. Examples of individual trajectories in the five trajectories identified. 

The individual curves are chosen randomly. 

 

Table 1. Descriptive characteristics of the whole sample (n=1905) and of the five pain trajectory 

groups identified. 

 

 

 

 

  Trajectory groups 

 Whole 

cohort 

Fluctuating Persistent  

mild  

Persistent 

moderate 

Persistent 

severe  

Gradual 

improvement  

 N (%) N (%) N (%) N (%) N (%) N (%) 

Total N (%) 1905 586 (31) 449 (24) 414 (22) 251 (13) 205 (11) 

Sex (male) 738 (39) 210 (36) 213 (47) 142 (34) 82 (33) 91 (44) 

Age       

     19-44 386 (20) 106 (18) 124 (28) 48 (12) 41 (16) 67 (33) 

     45-64 1002 (53) 328 (56) 219 (49) 230 (56) 127 (51) 98 (48) 

     65+ 517 (27) 152 (26) 106 (24) 136 (33) 83 (33) 40 (20) 

Organ disease [y/n] 497 (26) 135 (23) 99 (22) 119 (29) 111 (44) 33 (16) 

LBP [y/n] 838 (44) 255 (44) 145 (32) 231 (56) 161 (64) 46 (22) 

CWP [y/n] 489 (26) 135 (23) 47 (10) 167 (40) 131 (52) 9 (4) 

Sleep problems [y/n] 1231 (65) 393 (67) 343 (54) 316 (76) 208 (84) 71 (35) 

       

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Catastrophizing [0-6]  1.99 (1.34) 1.89 (1.14)  1.26 (1.10) 2.38 (1.16) 3.48 (1.18) 1.26 (1.09) 

Pain intensity [1-6] 3.56 (1.01) 3.57 (.83) 2.83 (.76) 4.07 (.46) 4.73 (.70) 2.70 (1.10) 

Mental health [0-100] 78.91 (16.05) 79.16 (14.7) 83.19 (12.3) 75.89 (17.5) 69.82 (19.5) 86.0 (12.5) 
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Table 2. Goodness of fit statistics of the longitudinal latent class analysis models using data 

from all eight follow-up measures of the individuals reporting chronic pain 6< months at 

baseline (n=1905). 

 

Note. LL = Log likelihood, BIC = Bayes Information Criterion 

 

Table 3. Mean posterior probability with 95% Confidence intervals (CI) for the five classes 

obtained from the longitudinal latent class analysis 

Assigned class Posterior 

probability 

Fluctuating (n=586) 0.80 (0.78-0.81) 

Persistent mild (n=449) 0.84 (0.83-0.86) 

Persistent moderate (n=414) 0.81 (0.80-0.83) 

Persistent severe (n=251) 0.91 (0.90-0.94) 

Gradual improvement (n=205) 0.90 (0.87-0.92) 

 

 

 

 LL
2
 % 

reduction in 

LL from H0 

BIC (LL) Average 

posterior 

probabilities 

Entropy Smallest 

group size 

(%) 

Model 1 (H0) 13236.3 - 33603.3 - - - 

Model 2 8953.3 32 29403.4  .86 50  

Model 3 7704.1 42 28237.3 .92-.94 .83 14  

Model 4 7049.2 47 27665.4 .90-.93 .82 11  

Model 5 6864.5 48 27563.8 .80-.92 .75 11  

Model 6 6739.7 49 27522.1 .73-.90 .72 10  

Model 7 6647.4 50 27512.9 .70-.90 .69 9 

Model 8 6564.5 50 27513.0 .70-.90 .69 4 
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Table 4. Results from the multinomial logistic regression analysis showing the association 

between trajectory membership and baseline factors for all individuals reporting chronic 

pain 6< months at baseline. Results based on individuals with no missing values at any of the 

baseline measures (n=1769).  

 Persistent severe 

pain  

compared to gradual 

improvement 

Persistent 

moderate pain 

compared to 

gradual 

improvement 

Fluctuating to 

gradual 

improvement 

Persistent mild to   

gradual 

improvement 

 N RRR
a
 95% 

CI 

N RRR
a
 95% 

CI 

N RRR
a
 95% 

CI 

N RRR
a
 95% 

CI 

Sex             

   Female 16

1 

1.0 Ref. 25

0 

1.0 Ref. 34

4 

1.0 Ref. 22

7 

1.0 Ref. 

   Male 71 .80 .50-

1.29 

13

3 

.93 .63-

1.39 

19

9 

.91 .64-

1.31 

19

8 

1.22 .85-

1.74 

Age             

   19-44 40 1.0 Ref.  46 1.0 Ref. 10

4 

1.0 Ref. 12

3 

1.0 Ref. 

   45-64 12

3 

1.49 .84-

2.66 

21

4 

2.53*

* 

1.54

-

4.16 

31

2 

1.78* 1.17

-

2.70 

20

9 

1.01 .67-

1.52 

   65+ 69 2.29* 1.16

-

4.51 

12

3 

3.95*

* 

2.19

-

7.13 

12

7 

1.91* 1.13

-

3.23 

93 1.14 .68-

1.92 

CWP              

   No 11

2 

1.0 Ref. 22

7 

1.0 Ref. 41

8 

1.0 Ref. 38

1 

1.0 Ref. 

   Yes 12

0 

10.89*

* 

5.08

-

23.3

3 

15

6 

8.12*

* 

3.94

-

16.7

1 

12

5 

4.06*

* 

1.99

-

8.29 

44 2.06 .98-

4.36 

Sleep 

difficulties 

            

   No 38 1.0 Ref. 93 1.0 Ref. 17

4 

1.0 Ref. 19

4 

1.0 Ref. 

   Yes 19

4 

3.10** 1.80

-

5.34 

29

0 

3.05*

* 

1.99

-

4.68 

36

9 

2.68*

* 

1.83

-

3.93 

23

1 

2.13*

* 

1.45

-

3.13 

Organ disease              

   No 13

2 

1.0 Ref. 27

4 

1.0 Ref. 42

0 

1.0 Ref. 33

5 

1.0 Ref. 

   Yes 10

0 

2.84** 1.66

-

4.86 

10

9 

1.58 .98-

2.56 

12

3 

1.27 .81-

1.99 

90 1.25 .79-

1.97 

Catastrophizi

ng [0-6]
b
 

23

2 

4.02** 3.24

-

4.99 

38

3 

2.01*

* 

1.67

-

2.40 

54

3 

1.48*

* 

1.26

-

1.76 

42

5 

.95 .80-

1.12 
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Mental health 

[0-10]
b
 

23

2 

.76* .64-

.90 

38

3 

.79* .68-

.93 

54

3 

.83* .71-

.97 

42

5 

.92 .78-

1.08 

Note. RRR = relative risk ratio; CI = confidence interval. 

a 
RRR of each variable for each trajectory group compared to the rapid improvement trajectory group 

(reference category). Adjusted for age and sex. 

b
 RRR per 10 % unit increase. Variable is reversed (higher score indicates better mental health).  
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