
1 
 

Appendix 

Latent class analysis 

The assumption behind the longitudinal latent class analysis was that there exists distinct 

pathways of back pain, and hence the participants can be grouped into distinct clusters 

(known as latent classes) based on their profile of back pain over the 6-months, with each 

subject belonging to one cluster. Specifically, longitudinal latent class analysis aims to obtain 

the smallest number of clusters that accounts for the associations between the monthly pain 

levels.  

Latent class models were fitted successively, starting with a one cluster model and then 

sequentially adding another cluster for each successive model. There is no gold standard 

goodness of fit criteria for longitudinal latent class analysis models and so the final number of 

clusters was determined by examining the optimal models based on each of Akaike’s 

Information criterion (AIC, and revised version AIC3), Bayes information criterion and the 

Consistent Akaike’s Information criterion (1). The optimal number of clusters for each 

criterion is where the information criterion value is at its lowest. The percentage reduction in 

the model fit likelihood ratio chi-squared statistic (L2) from the model with one cluster, was 

also calculated, with the optimal number of clusters where the percentage reduction is 

considered minor. The resultant optimal models were then compared on size (clusters should 

include at least 10% of participants) and with regards to having distinct cluster characteristics 

to determine the final number of clusters. LatentGold version 4.0 was used to perform the 

analyses. LatentGold uses both the EM and Newton-Raphson algorithms to estimate model 

parameters. 1000 different random starting values were used, each of which included 100 

iterations. The bivariate residuals were used to assess violation of the local independence 

assumption for the optimal model. Local independence means that within clusters the 
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probability of a certain level of pain for any month is not related to the level of pain for any 

other month. Restricted latent class analysis models to address any violation were developed 

where the bivariate residuals between monthly pain ratings was greater than the 

recommended level of 1 (2).  

 

The goodness of fit statistics for the longitudinal latent class analysis are shown in the 

Appendix Table 1. Between 3 and 6 clusters were considered optimal by the different 

goodness of fit measures, but the 6 cluster model included a cluster with only 2% of 

participants and so was dropped from consideration. A restricted 4 cluster model was 

ultimately selected as optimal, as the clusters were distinct, and included at least 10% of 

participants in each cluster. The fifth cluster in the 5-cluster model was a subgroup of a 

cluster in the 4-cluster model and did not have distinct characteristics. 

 

An alternative to longitudinal latent class analysis which explicitly takes the time order into 

account is latent class growth analysis. Derivation of clusters using latent class growth 

analysis (not shown here) yielded similar trajectories presumably due to the relative stability 

of pain in participants. The pain profiles of individuals in each longitudinal latent class 

analysis cluster matched that of the cluster as a whole, and the clusters themselves revealed 

distinct pathways of pain and related health status. Some of the health status measures 

exhibited some skewness in scores but analysis comparing median and interquartile range 

scores showed the same patterns across clusters and led to the same conclusions as for the 

main analysis. 
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Appendix Table 1. Goodness of fit statistics for the longitudinal latent class analysis 

 

Model L2 % reduction in 

L2 from H0 

AICLL AIC3LL BICLL CAICLL 

1 Cluster (H0) 1150·56 - 1759·65 1773·65 1800·43 1814·43 

2 Cluster   748·35 35 1373·44 1395·44 1437·52 1459·52 

3 Cluster   556·74 52 1197·83 1227·83 1285·21a 1315·21a

4 Cluster   528·27 54 1185·36 1223·36 1296·04 1334·04 

5 Cluster   501·80 56 1174·90 1220·90 1308·89 1354·88 

6 Cluster   476·81 59 1165·90a 1219·90a 1323·19 1377·19 

7 Cluster   461·89 60 1166·98 1228·98 1347·56 1409·56 

8 Cluster   447·62 61 1168·71 1238·71 1372·60 1442·60 

a optimal unrestricted model for that goodness of fit statistic 

AIC= Akaike’s Information criterion; BIC= Bayes information criterion; CAIC= Consistent Akaike’s Information criterion. 
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