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Follow-up in the OPPERA 
Prospective Cohort Study

The inception cohort consisted of 
3,263 participants who did not have 
temporomandibular disorder (TMD), 
although post-enrollment audits found 
that five were ineligible, and they were 
excluded from all analysis. Sixteen percent 
(521/3,258) of the 3,258 eligible enrollees 
completed no follow-up questionnaires, 
35% (1,154/3,258) participants completed 
all intended quarterly health updates 
through May 2011 (and hence were 
administratively censored), while the 
remaining 49% (1,583/3,258) completed 
fewer follow-up questionnaires than 
intended. The 26,666 follow-up 
questionnaires represented a median of 
10 quarterly health updates per person, 
somewhat less than the median of 14 
questionnaires per person that would have 
been completed had there been no partial 
loss to follow-up prior to May 2011. The 
shortfall between the number of intended 
questionnaires through May 2011 and 
the number completed represented the 
degree of partial loss to follow-up. The 
median shortfall was 3 questionnaires per 
person, with lower and upper quartiles of 
0 and 9 questionnaires, respectively. The 

median period of follow-up was 2.8 yrs per 
person (minimum = 0.2 yrs, maximum = 
5.2 yrs), for a total of 7,403 person-years of 
follow-up.

Evaluation of Potential Bias 
Associated with Loss to Follow-up

This section summarizes findings 
from analysis of loss to follow-up in 
the OPPERA prospective cohort study 
[Bair E, Brownstein NC, Ohrbach R, 
Greenspan JD, Dubner R, Fillingim RB, 
et al. Study design, methods, sample 
characteristics and loss to follow-up: the 
OPPERA prospective cohort study. J Pain 
(submitted Feb. 6, 2013)].

The percentage of participants retained 
in the cohort varied significantly accord-
ing to gender, race, and study site, 
although not age (Appendix Table 1). As 
reported in Bair et al. (see above), loss to 
follow-up was also analyzed according to 
157 other putative risk factors measured 
at enrollment. At least 5 measures within 
each of the 4 risk factor domains were 
associated with complete loss to follow-
up to a degree that exceeded chance, as 
judged by quantile-quantile plots.

‘Hot deck’ multiple imputation was 
used to evaluate potential bias due to 
loss to follow-up [Andridge RR, Little RJ 
(2010). A review of hot deck imputa-

tion for survey non-response. Int Stat Rev 
78:40-64. PMID 21743766]. The method 
creates groups composed of people 
with similar baseline characteristics (“hot 
decks”), within which observed out-
comes from people with follow-up data 
were used to impute likely outcome val-
ues for people with no follow-up data. 
There were five steps:

 (1) Eight baseline predictor variables 
were selected because they were asso-
ciated with both loss to follow-up and 
TMD incidence: study site, age, gender, 
number of body sites that were tender 
to palpation, changes in mean arterial 
blood pressure during the Stroop emo-
tional word task, pressure pain thresh-
olds measured at the trapezius, and the 
Perceived Stress Scale. They were used 
in a multivariable binary logistic model 
regression to predict odds of complete 
loss to follow-up for all participants in 
the inception cohort.

(2) Participants in the inception cohort 
were ranked according to the value of 
the model’s linear predictor, from which 
20 equal-sized strata were calculated, 
each with a successively greater proba-
bility of complete loss to follow-up.

(3) For each of the 521 participants 
completely lost to follow-up, one par-
ticipant was sampled at random from 
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among all participants in the same stra-
tum who provided follow-up data. The 
method used simple random sampling 
with replacement. The sampled partici-

pant’s follow-up status (first-onset TMD 
or censored) and period of follow-up 
were used as the imputed estimates for 
the individual lost to follow-up.

(4) The imputed records were added to 
the records from 2,737 participants who 
had follow-up data, creating a dataset of 
3,258 individuals with complete informa-
tion about TMD incidence and follow-up 
period.

(5) Steps 3 and 4 were repeated 100 
times, with independent random sam-
pling in each replication. Incidence rates 
and hazard ratios were calculated for 
each of the 100 replicated datasets. The 
100 sets of results were combined by the 
“mianalyze” procedure in SAS to generate 
valid estimates of rates, rate ratios, and 
standard errors.

The imputed annual incidence rate of 
3.5% per annum was identical to the 
observed rate computed in complete-case 
analysis (Appendix Table 2). Baseline 
predictors of TMD incidence in the com-
plete-case analysis were likewise asso-
ciated with the imputed incidence rate, 
while gender was not. Compared with 
the complete-case analysis, hazard ratios 
differed by no more than 0.1 in absolute 
value.

Appendix Table 2.
Loss to Follow-up, OPPERA Prospective Cohort Study, 2006-2011

% of People in Follow-up Category(a)

n Complete Partial None p value(b)

All people 3,258 35.4 48.6 16.0

Age when enrolled (yrs)

 18-24 1,706 33.5 49.8 16.7 .097

 25-34 860 39.0 46.6 14.4

 35-44 692 35.7 48.1 16.2

Gender

 Female 1,862 40.9 46.7 12.5 < .001

 Male 1,396 28.2 51.2 20.7

Race/ethnicity

 White 1,637 43.4 45.1 11.6 < .001

 Black/African-American 1,012 21.9 53.8 24.3

 Asian 299 40.1 45.5 14.4

 Hispanic 211 34.1 50.2 15.6

 Other or unstated 99 30.3 59.6 10.1

(a)Complete = All quarterly follow-up questionnaires completed. Partial = Some quarterly follow-up questionnaires completed. None = No quarterly follow-up 
questionnaires completed.
(b)p value from Chi-square test of null hypothesis that distribution of follow-up categories is equivalent between demographic groups.
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Appendix Figure.
TMD-free survival in people with low and high likelihood of obstructive sleep apnea 
(OSA): OPPERA prospective cohort study 2006-2011 (n = 2,604).


