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Abstract

Objectives. Most treatment outcome studies for people with chronic low back pain (CLBP) have based analyses on
and reported only the mean levels of these factors. However, high levels of pain, mood, function, and sleep volatility
may represent unique factors contributing to diminished quality of life. Our goal was to determine whether bright
light treatment affected both mean levels of pain, mood, function, and sleep and reduced volatility in these out-
comes. Methods. US military veterans with CLBP (N¼ 22) underwent an open trial with a seven-day baseline, fol-
lowed by 13 days of a one-hour morning bright light treatment self-administered at their home and a 30-day follow-
up. Participants completed daily diary measures at 12 PM and 6 PM every day during the three study epochs. Results.

Using location scale modeling, results suggested that, in addition to being associated with changes in mean levels
of pain intensity, pain interference, negative affect, and sleep quality, bright light treatment was also related to
reductions in the volatility of pain intensity and negative affect, reductions that were largely maintained during fol-
low-up. Conclusions. Changes in mean levels and volatility were independent factors, suggesting that bright light
treatment was related to participants experiencing fewer “pain flares.” These findings underscore the potential
importance of volatility as a future treatment target.
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Introduction

Most studies of pain intensity, mood, function, and sleep

among people with chronic low back pain (CLBP) have

based analyses on and reported only the mean levels of

these factors [1]. This is almost exclusively the case for

treatment outcome studies in which pre- to post-

treatment changes in mean levels of pain, mood, func-

tion, and sleep are reported. Indexes that may reflect

pain flares or frequent fluctuations in pain, mood,

function, and sleep have typically not been analyzed,

with only occasional exceptions [2,3]. We echo the argu-

ments of others who claim that high levels of pain volatil-

ity may exacerbate the unpredictability and uncertainty

of chronic pain and contribute to diminished quality of

life [4]. If so, then it is critical to study the effects of

chronic pain interventions on the volatility of pain,

mood, function, and sleep, in addition to effects on mean

levels.
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Electronic daily diary methods employing repeated

assessments over the course of hours or days can be used

to capture measures of central tendency (e.g., mean

scores for outcomes collapsed over observations) and in-

dexes of volatility (e.g., variance of outcomes across

many observations [5]). The implementation of intensive

longitudinal data collection has contributed to increased

research on within-subject variation in behavioral

processes including pain and pain-related impairments

[3,6]. Figure 1 illustrates the phenomenon of pain volatil-

ity with the raw baseline data from two participants in

the study described below. They have similar mean levels

of pain intensity (2.8 vs 2.5) but markedly different stan-

dard deviations (1.97 vs 0.82). Thus, Subject 1’s scores

range from 0 to 8, whereas Subject 2’s scores range from

0 to 4. Moreover, as we have reported [6], pain intensity

may be related not only to mean levels of negative emo-

tions, but uniquely to variability in negative emotions. As

these results and those of others suggest [3], volatility

may describe an independent factor affecting the well-

being of people with chronic pain.

Results of meta-analyses indicate that exposure to

bright light in the morning can improve sleep [7] and

mood [8]. In our program of research, which examines

the possible beneficial effects of bright light for people

with chronic pain, we extrapolate from the observation

that chronic pain is a multidimensional phenomenon, in-

terrelated with many factors, including negative mood

and poor sleep. We recently reported results from a small

sample of women with fibromyalgia who underwent

bright light treatment. The women reported clinically

meaningful improvements in pain and function in re-

sponse to morning bright light [9]. The present study is

based on data collected during a home-based morning

bright light treatment for US military veterans with

CLBP [10]. The purpose of the original study was to ex-

amine the feasibility, acceptability, and effects of a bright

light treatment on pain, mood, sleep, and circadian tim-

ing in US military veterans with chronic low back pain.

To our knowledge, bright light treatment had not there-

tofore been tested as a potential treatment for chronic

low back pain. Participants (N¼ 37) underwent an open

trial with a seven-day baseline, followed by 13 days of a

one-hour morning bright light treatment self-

administered at their home and a 30-day follow-up.

Using standardized questionnaires at approximately

weekly intervals, we found that pain intensity and pain

behavior decreased significantly, and physical function

and sleep quality improved significantly [10].

In the present study, we analyzed electronic daily di-

ary data that were not reported in the original article.

Participants completed the diary measures at 12 PM and

6 PM every day during the seven-day baseline period, 13-

day treatment period, and 30-day follow-up. Electronic

daily diary items assessed pain intensity, pain interfer-

ence, negative affect, and sleep quality. Put simply, fre-

quently assessed measures of pain, mood, function, and

sleep—as in a daily diary format—are critical for reveal-

ing patterns of volatility and change over time. We

expected that changes in mean levels of the diary factors

would reveal improvement during treatment, consistent

with changes found with the questionnaires reported pre-

viously [10]. Our focus, however, was less on revealing

changes wrought by bright light treatment per se, and

more on demonstrating the existence of substantial vola-

tility and illustrating whether volatility could be affected

by a complementary/integrative treatment. Thus, we also

examined whether volatility in outcomes would decrease

from baseline to treatment and whether these gains

would be maintained into follow-up.

Methods

Design Overview
This was a single-arm trial, in which all subjects received

morning bright light treatment. The study consisted of a

seven-day baseline during which subjects slept at home on

their usual sleep schedule (ad lib). This baseline was fol-

lowed by a daily morning bright light treatment. The

morning light treatment was for one hour per day for a to-

tal of 13 days and started each morning at the subject’s av-

erage wake time (derived from the baseline week of wrist

actigraphy) or up to one hour earlier to accommodate

morning social responsibilities (e.g., work, child care) [11].

Participants
Thirty-seven US military veterans who reported CLBP

were enrolled in the study. Participants were required to

provide proof of veteran status (e.g., DD Form 214, a

Figure 1. Illustration of individual subject means and within-
subject variation in pain intensity. This figure depicts raw base-
line data from two participants who have similar mean levels
of pain intensity. Both subjects have similar mean levels of
pain intensity (Subject 1 mean ¼ 2.86, Subject 2 mean ¼ 2.50),
but Subject 2’s standard deviation (1.97) is nearly twice as
large as Subject 1’s standard deviation (0.82).
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certificate of release or discharge from active military

duty). The presence of significant CLBP was determined

from a self-report of CLBP for at least the previous six

months, with an average pain intensity of at least 4/10 (1

¼ no pain to 10 ¼ worst pain possible). Participants also

signed an authorization form to obtain their medical

records regarding their back pain, which was used to ver-

ify a preexisting complaint of chronic low back pain to a

medical provider.

Exclusion criteria were: a) other significant chronic

disease (apart from medication-controlled diabetes and

hypertension); b) other condition associated with chronic

pain (including chronic headaches, fibromyalgia, com-

plex regional pain syndrome, rheumatoid arthritis); c)

past or present psychosis or bipolar disorder; d) present

alcohol or substance abuse problems; e) suicidal ideation;

f) high risk for obstructive sleep apnea or restless leg syn-

drome or seasonal affective disorder [12–14]; g) taking

daily nonsteroidal anti-inflammatory medications

(NSAIDs) and/or beta-blockers [15,16]; h) high risk for

seasonal affective disorder [14]. Accepted participants

reported no retinal pathology or eye surgery, and none

were taking photosensitizing medications. No partici-

pants were color blind, as determined from the Ishihara

test, and none had any prior experience with bright light

treatment. Prescribed or over-the-counter sleep aids

(apart from exogenous melatonin) and antidepressants

were permitted, provided medication use remained stable

30 days before and during the study. We did exclude

based on seasonal affective disorder, recent jet travel,

and shift work. No participants had worked any night

shifts or traveled outside the Central Time Zone in the

month preceding the study. All participants had normal

baseline wrist actigraphy not suggestive of any other cir-

cadian rhythm sleep disorder (advanced sleep phase,

delayed sleep phase disorder, non-24-hour disorder, and

irregular sleep wake disorder). The study was approved

by the Rush University Medical Center Institutional

Review Board, and all participants gave written informed

consent before participation. This clinical trial was regis-

tered as NCT02373189 on clinicaltrials.gov.

Five participants failed drug and alcohol screening on

the first day of the study and did not participate further.

An additional seven participants dropped out before the

start of the light treatment, due to a variety of reasons in-

cluding jail time, job offers, and family crises. Therefore,

a total of 25 participants started the bright light treat-

ment. One veteran dropped out after six days of light

treatment in order to go on a vacation, and the electronic

diary failed for two participants. Thus, electronic diary

data from 22 participants were analyzed. See Table 1 for

demographic information.

Electronic Diary
The personal digital assistant (PDA) program signaled

participants to complete two assessments each day at

12:00 PM and at 6:00 PM. These times were chosen to en-

sure the alarms would not disturb the participants’ sleep.

Frequent assessments helped minimize retrospective bias

in ratings [3]. Daily diary data obtained in this manner

also appear to suffer little from reactivity effects that are

sometimes caused by monitoring [17,18]. Variability in

ratings within the day is also captured well by this

method [18]. Previous studies support the reliability, va-

lidity, and compliance with electronic diary strategies

when used to assess pain, affect, and behavior [17–20].

Electronic diaries with time-stamped entries also allowed

us to accurately assess when ratings were made, some-

thing that cannot be done with paper diary methods [18].

Participants completed electronic diary measures

throughout baseline, treatment, and follow-up for a total

of 49 consecutive days. We used the Experience

Sampling Program (ESP) [21] on handheld Palm Zire 22

PDAs running the Palm OS platform. The PDA program

blocked participants from altering the items or alarm

times.

The 22 participants were prompted twice daily across

49 days, resulting in 2,156 possible diary prompts. Data

were completed for 76.6–82.1% of the 2,156 total

prompts across the various items in the diary. This

amount of missing records was in the range typically ob-

served in other electronic diary studies involving people

with chronic pain [22].

Measures

Pain-Related Variables
At each assessment, participants rated the questions

“How intense was your pain?” and “To what degree did

your pain interfere with you being physically active?”

during the past three hours. These responses were rated

on nine-point scales with anchors at 0 (not at all), 2

(somewhat), 4 (much), 6 (very much), and 8 (extremely).

Table 1. Demographic characteristics

Characteristic Total Sample (N¼22)

Sex, No. (%)

Female 5 (23)

Male 17 (77)

Age, y

Mean (SD) 48.4 (13.9)

Race, No. (%)

African American 11 (50)

White 10 (45.5)

Other 1 (4.5)

Partner status, No. (%)

Single 8 (36)

Domestic partner 14 (64)

Educational status, No. (%)

Postgraduate degree 1 (5)

College graduate 11 (50)

Some college 10 (45)

Body mass index, kg/m2

Mean (SD) 29.9 (4.6)
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State Negative Affect
At each assessment, participants rated the extent to

which they felt on edge, tense, sad, discouraged, irritated,

and angry during the past three hours. These items were

summed and averaged to create a composite State

Negative Affect rating. Responses were made on the

same nine-point scales described above.

Sleep
At the 12 PM assessment, participants were asked, “Last

night, your sleep quality was. . .?” Responses were made

using a five-point scale with anchors 1 (very poor), 2

(poor), 3 (fair), 4 (good), and 5 (very good).

Bright Light Treatment at Home
After the seven-day baseline, research staff visited partici-

pants in their homes to set up the light boxes. Two

broad-spectrum white light boxes (33�18�55 cm,

EnergyLight HF3318/60, Philips, Inc. Andover, MA,

USA) were set up to the left and right at a distance that

allowed the subject to view a TV or computer in front of

them. Each participant’s comfort was first maximized us-

ing comfortable chairs and/or cushions, as appropriate,

and then the light boxes were positioned to maximize light

intensity (>3,000 lux; Extech EA33 light meter, Nashua,

NH, USA). A 60-cm string was taped to the base of each

light box to remind the participants how close they needed

to sit near the light boxes, and painter’s tape was placed

around the base of each light box to show where the boxes

should remain. The morning light treatment was for one

hour per day for a total of 13 days and started each

morning at the participant’s average wake time or up to

one hour earlier to accommodate morning social respon-

sibilities (e.g., work, child care [11]). A photosensor

(Actiwatch Spectrum, Philips, Inc.) was taped facing in-

wards to the outside of each light box to confirm adher-

ence. An alarm clock was set to the start of the bright

light treatment and was placed near the light boxes (sub-

jects also set their home alarm clock). Participants were

given a list of written reminders, including a) not to per-

mit anyone to touch the light boxes, b) only to turn on

the light boxes during the scheduled time, and c) to turn

on all ambient lighting during light treatment time.

Research staff phoned each participant daily, shortly

after the start of the light treatment to confirm correct

use of the light boxes, ensure that the photosensor on

their wrist monitor was uncovered, and assess potential

side effects. Research staff also visited participants at

home at midtreatment (after six days of light treatment)

to confirm that the light box setup was unchanged and at

post-treatment (after 13 days of light treatment) to collect

the light boxes.

Statistical Analysis
Descriptive statistics were computed with SPSS, version

22. We computed person-level means and standard

deviations for each of the study variables during baseline

and examined their bivariate correlations. However, this

approach masks the underlying structure of longitudinal

data, including nesting and autocorrelation, and does not

account for the possibility of compounding correlated

measurement error. Therefore, the primary study hypoth-

eses were tested using the Mixregls Package in R. The

Mixregls package was used to estimate location scale

models in which mean levels and within-subject var-

iation—our index of volatility—were regressed across the

three study epochs (i.e., baseline, bright light treatment,

and follow-up). In brief, location scale models can model

several characteristics of intensive longitudinal data in-

cluding mean levels and variation in a data series. These

variables can then be regressed on predictors. For this

study, the predictors of interest were study epochs (base-

line, bright light treatment, and follow-up). Epochs were

entered as dummy-coded variables in order to compare

treatment and follow-up epochs with baseline. Random

location can be computed to determine whether the

mean level of a data series is associated with the variance

in the same series. For instance, participants with higher

levels of pain intensity might also experience greater vari-

ation. Random scale estimates determine whether there is

significant variation between subjects with regard to their

within-subject variation after adjustment for covariates.

In this analysis, the covariates were the three study

epochs.

Mixregls computes the location scale models in three

stages. In the first model, mean levels of the dependent

variable are regressed on predictors. In this stage of the

analysis, significant effects would indicate that mean lev-

els of outcomes differed across treatment epochs. In the

second model, within-subject variation is regressed on

predictors. In this second stage of analysis, significant

effects would indicate that volatility in outcomes differed

across treatment epochs. In the third and final model, the

random location and random scale effects are added. In

this stage of analysis, significant random location effects

would indicate whether mean levels and volatility would

be significantly correlated, and significant random scale

effects would indicate whether significant volatility or

within-subject variation remained to be accounted for.

Likelihood ratio tests can be used to compare fit across

the three models.

Results

Means and standard deviations for the study variables

are presented in Table 2. At baseline, the participants

reported pain and pain-related impairments that were of

mild to moderate intensity. In general, there were pat-

terns of decreased pain and pain-related impairment over

the course of the study. Correlations between subject-

level means and standard deviations aggregated across

baseline are presented in Table 3. Higher average pain in-

tensity, pain interference, and negative affect were
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accompanied by greater volatility in these outcomes.

Higher average sleep quality was not associated with

volatility.

Location Scale Models

Pain Intensity

Fit statistics indicated that the third model that included

epochs as predictors of both means and within-subject

variation, and also included random location and scale

effects, provided the best fit to the data (Table 4). Mean

levels of pain intensity were significantly lower during

treatment (B ¼ –0.20, SE ¼ 0.04, P < 0.001) and follow-

up (B ¼ –0.21 SE ¼ 0.04, P < 0.001) than during base-

line. In addition, within-subject variation in pain inten-

sity was significantly lower during treatment (B ¼ –0.80,

SE ¼ 0.13, P < 0.001, exp(B) ¼ 0.45) and follow-up (B

¼ –0.83, SE ¼ 0.13, P < 0.001, exp(B) ¼ 0.44) compared

with baseline. The random location effect indicated that

higher mean levels of pain intensity were accompanied

by greater within-subject variation in pain intensity. That

is, both epochs and mean levels of pain intensity were sig-

nificant predictors of within-subject variability in pain in-

tensity. On average, patients with higher levels of pain

tended to have greater variation in pain variability. Even

accounting for this association, both average levels of

pain and within-subject variation of pain were lower dur-

ing treatment and follow-up compared with baseline.

Pain Interference

Fit statistics indicated that the first model that included

only epochs for the mean level of pain interference pro-

vided the best fit. Results of this model are reported in

Table 5. Within-subject variation did not differ signifi-

cantly across baseline, treatment, or follow-up. Mean

levels of pain interference were significantly lower during

treatment (B ¼ –0.24, SE ¼ 0.12, P ¼ 0.047) and follow-

up compared with baseline (B ¼ –0.34, SE ¼ 0.10, P ¼
0.002).

Negative Affect

Fit statistics indicated that the third model that included

epochs as predictors for both means and within-subject

variation, along with random location and scale effects,

provided the best fit to the data. Results of this model are

reported in Table 6. Mean levels of negative affect were

significantly lower during treatment (B ¼ –1.41, SE ¼

0.21, P < 0.001) and follow-up (B ¼ –1.68, SE ¼ 0.20, P

< 0.001) compared with baseline. In addition, within-

subject variation in negative affect was significantly

lower during treatment (B ¼ –0.76, SE ¼ 0.12, P <

0.001, exp(B) ¼ 0.47) and follow-up (B ¼ –1.33, SE ¼
0.15, P < 0.001, exp(B) ¼ 0.26) compared with baseline.

The random location effect indicated that higher mean

levels of negative affect were accompanied by greater

within-subject variation in negative affect. That is, both

epochs and mean levels of negative affect were significant

predictors of within-subject variability in negative affect.

On average, subjects with higher levels of negative affect

tended to have greater variation in negative affect. Even

accounting for this association, both mean levels of nega-

tive affect and within-subject variation of negative affect

were lower during treatment and follow-up compared

with baseline.

Sleep Quality

Fit statistics indicated that the third model that included

covariates for both means and within-subject variation,

along with random location and scale effects, provided

the best fit to the sleep quality data. Results of this model

are reported in Table 7. Mean levels of sleep quality dur-

ing treatment were not significantly different from base-

line. Sleep quality was significantly higher during follow-

up compared with baseline (B ¼ 0.26, SE ¼ 0.07, P <

0.001). Levels of within-subject variability in sleep qual-

ity did not differ across conditions. The random location

effect indicated that regardless of treatment epoch, there

was a trend for higher mean levels of sleep quality to be

associated with less within-subject variation in sleep

quality (B ¼ –0.2, B ¼ 0.10, P ¼ 0.052). The random

scale effect was also significant, indicating that signifi-

cant within-subject variation in sleep quality existed.

That is, regardless of treatment epoch, participants expe-

rienced significant levels of sleep volatility.

Discussion

Because most studies of treatments for CLBP have fo-

cused on changes in mean levels of pain intensity, mood,

function, and sleep, a critical aspect of chronic pain may

have been ignored, namely day-to-day variability in levels

of these outcomes. Our analysis of bivariate associations

between pain-related impairment and volatility revealed

that the intensity of pain and pain-related impairment is

strongly associated with greater volatility. As others have

argued, these high levels of pain volatility may worsen

the unpredictability and uncertainty of chronic pain and

contribute to diminished quality of life [4]. Thus, reduc-

ing volatility through chronic pain interventions may be

as important as improving mean levels of pain, mood,

function, and sleep. Widely used complementary/integra-

tive interventions (e.g., CBT) may indeed reduce volatil-

ity in pain, mood, function, and sleep; the problem is that

Table 2. Means and standard deviations collapsed over obser-
vations in each epoch

Baseline Treatment Follow-up

M SD M SD M SD

Pain intensity 2.50 1.28 1.94 1.10 1.98 1.63

Pain interference 1.99 1.20 1.75 1.18 1.65 1.49

Negative affect 8.30 7.93 8.20 7.60 6.51 6.75

Sleep quality 3.03 0.55 3.05 0.69 3.28 0.41
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we do know whether this is in fact the case. Using daily

diary data collected during an open trial of bright light

therapy to treat CLBP among US military veterans, we

examined whether this complementary/integrative inter-

vention may have an impact on within-subject variability

in pain, mood, function, and sleep. Results suggested

that, in addition to being associated with changes in

mean levels of pain intensity, pain interference, negative

affect, and sleep quality, bright light treatment was also

related to reductions in the volatility of pain intensity

and negative affect in particular.

It is critical to interpret these results in the context of

an open trial of bright light treatment. Although mean

levels and volatility of outcomes changed from baseline

to treatment, without comparison with effects of, for in-

stance, a placebo intervention, we cannot conclude that

bright light treatment per se exerted any effects. Instead,

we focus here on the potential importance of reducing

fluctuations in pain intensity and negative affect via some

kind of complementary/integrative intervention.

Consistent with questionnaire results reported previ-

ously [10], participants reported via daily diaries signifi-

cant baseline-to-treatment decreases in mean levels of

Table 4. Location scale model coefficients for pain intensity

Pain Intensity

Estimate SE Z P

Mean intercept 2.11 0.24 8.89 <0.001

Mean treatment –0.20 0.04 –4.52 <0.001

Mean follow-up –0.21 0.04 –5.08 <0.001

Between-subject intercept 0.12 0.32 0.39 0.370

Within-subject intercept 0.93 0.30 3.08 0.003

Within-subject treatment –0.80 0.13 –5.93 <0.001

Within-subject follow-up –0.83 0.13 –6.33 <0.001

Random location 0.93 0.24 3.80 <0.001

Random scale 0.90 0.14 6.28 <0.001

Group mean levels of pain are estimated across conditions (mean intercept,

mean treatment, mean follow-up). An intercept for between-subject variation

is estimated. Within-subject variation or volatility is estimated across condi-

tions (within-subject intercept, within-subject treatment, within-subject

follow-up).

Estimate ¼ unstandardized estimate; SE ¼ asymmetric standard error;

Z¼Z-test statistic.

Table 5. Location scale model coefficients for pain interference

Pain Interference

Estimate SE Z P

Mean intercept 1.99 0.25 7.88 <0.001

Mean treatment –0.24 0.12 –2.07 0.047

Mean follow-up –0.34 0.10 –3.23 0.002

Between-subject intercept 0.20 0.31 0.63 0.328

Within-subject intercept 0.76 0.04 21.63 <0.001

Estimate ¼ unstandardized estimate; SE ¼ asymmetric standard error;

Z¼Z-test statistic.

Table 6. Location scale model coefficients for negative affect

Negative Affect

Estimate SE Z P

Mean intercept 8.24 1.21 6.80 <0.001

Mean treatment –1.41 0.21 –6.63 <0.001

Mean follow-up –1.68 0.20 –8.45 <0.001

Between-subject intercept 3.52 0.25 14.26 <0.001

Within-subject intercept 3.66 0.35 10.43 <0.001

Within-subject treatment –0.76 0.12 –6.12 <0.001

Within-subject follow-up –1.33 0.12 –10.95 <0.001

Random location 1.33 0.15 9.14 <0.001

Random scale 1.01 0.15 6.53 <0.001

Estimate ¼ unstandardized estimate; SE ¼ asymmetric standard error;

Z¼Z-test statistic.

Table 7. Location scale model coefficients for sleep

Sleep Quality Estimate SE Z P

Mean intercept 3.03 0.11 28.62 <0.001

Mean treatment 0.08 0.08 1.01 0.240

Mean follow-up 0.26 0.07 3.73 <0.001

Between-subject intercept –1.81 0.33 –5.46 <0.001

WS intercept –0.67 0.16 –4.27 <0.001

WS treatment 0.14 0.17 0.84 0.280

WS follow-up 0.12 0.15 0.84 0.280

Random location –0.21 0.10 –2.02 0.052

Random scale 0.38 0.08 4.58 <0.001

Estimate ¼ unstandardized estimate; SE ¼ asymmetric standard error;

Z¼Z-test statistic.

Table 3. Association of person-level means and standard deviations aggregated across baseline

1 2 3 4 5 6 7 8

1 Pain intensity mean – 0.79** 0.57** –0.30 0.57** 0.69** 0.25 –0.04

2 Pain interference mean – 0.32 –0.15 0.52* 0.68** 0.07 –0.07

3 Negative affect mean – –0.43* 0.00 0.43* 0.49* –0.02

4 Sleep quality mean – –0.19 –0.47* –0.45* –0.19

5 Pain intensity SD – 0.64** 0.45* 0.34

6 Pain interference SD – 0.53* 0.28

7 Negative affect SD – 0.07

8 Sleep quality SD –

Correlations of a variable’s person-level mean and standard deviation are bolded for ease of interpretation.

*P < 0.05; **P < .01.
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pain intensity. These gains were maintained during the

follow-up epoch. In addition, findings indicate that

within-subject variability in pain intensity also decreased

significantly during bright light treatment, and these

decreases were also maintained during follow-up. Thus,

participants reported not only that their levels of pain in-

tensity were lower on average during and after treatment,

but also that their day-to-day levels of pain intensity had

become less volatile. Put another way, the intervention

may have been associated with participants experiencing

fewer “pain flares.” Recall that mean levels of pain inten-

sity, within-subject variation in pain intensity, and their

association were estimated simultaneously in the model.

Assessment of bivariate correlations and review of ran-

dom location effects revealed that mean levels and

within-subject variability in pain intensity were related

significantly, such that participants with higher mean lev-

els of pain had higher variability in pain. It is not clear,

therefore, whether the bright light treatment reduced

mean levels of pain, which in turn affected variability, or

vice versa. What is clear is that the intervention was asso-

ciated with independent changes in mean levels and vola-

tility, underscoring the potential importance of the latter

as a future treatment target.

Findings for negative affect closely parallel those for

pain intensity. In short, participants reported not only

that their levels of negative affect were lower on average

during and after treatment, but also that their day-to-day

levels of negative affect had become less volatile. The in-

tervention may have been associated with participants

experiencing fewer “mood swings.” Similar to pain in-

tensity, mean levels and within-subject variability in neg-

ative affect were related significantly, such that

participants with higher mean levels of negative affect

had higher variability in negative affect. Again, it is not

clear whether the bright light treatment reduced mean

levels of negative affect, which in turn affected variabil-

ity, or vice versa. Still, results hint at how a complemen-

tary/alternative intervention can affect potentially

problematic fluctuations in two important aspects of the

adjustment to chronic pain.

Although mean levels of pain interference changed

over the course of treatment and follow-up, contrary to

expectations, within-subject variability in this factor did

not. People with CLBP may simply not be faced with

day-to-day vacillations in how much their pain impedes

activity. Therefore, a complementary/alternative inter-

vention would face a floor effect in affecting volatility

and be less capable of reducing something already rather

low. On another level, findings could signal that volatil-

ity in pain interference is relatively independent from vol-

atility in pain intensity and negative affect, whereas

fluctuations in the latter two factors may accompany one

another.

Similarly, mean levels of sleep quality changed over

the course of treatment and follow-up, but within-subject

variability in this factor did not. Results did indicate that

participants experienced significant fluctuations in sleep

quality across the baseline, treatment, or follow-up

epochs. So, on one level, the findings imply that, on aver-

age, people with CLBP experience wide day-to-day shifts

in the quality of their sleep. Unpredictability and uncer-

tainty about how well someone will sleep on a given

night could detrimentally affect quality of life, as well as

the actual frequent day-to-day shifts from good to not-

so-good sleep. On another level, results hint that bright

light therapy may not adequately target and impact this

aspect of sleep quality, although with this small sample,

it is too early to draw firm conclusions.

The frequent assessments and dense longitudinal data

collection we used in this study may have revealed a po-

tentially critical and heretofore largely hidden aspect of

CLBP adjustment: day-to-day variability in pain, nega-

tive affect, and sleep quality. Following Schneider and

colleagues [1] and our previous findings regarding vari-

ability [6], day-to-day and even hour-by-hour variability

may need to be assessed to gain a full understanding of a

patient’s experience of and adjustment to chronic pain.

Beyond assessment, and as others have argued [1], these

phenomena may need to be deliberately addressed in

CLBP treatment to enhance the well-being of patients

and overall treatment potency. Before such efforts, re-

search will need to document the importance and unique-

ness of the effects of volatility on patient quality of life.

Our findings offer a promising glimpse into the potential

effectiveness of complementary/integrative interventions

in reducing pain flares and mood swings among people

with CLBP. Clearly, more research is needed to uncover

whether the wide array of existing complementary/inte-

grative interventions can reduce volatility, and by what

therapeutic mechanisms. To illustrate, in the present

study, bright light treatment favorably impacted volatil-

ity in two of four outcome domains. Bright light treat-

ment may not include the therapeutic mechanisms that

would drive improvements in volatility in, say, sleep

quality. Another complementary/integrative intervention

may include relaxation mechanisms and techniques that

may reduce sleep volatility. Another possibility is to in-

vestigate whether components of treatments that focus

on dysregulation of emotions, such as dialectical behav-

ior therapy [23], may aid patients in reducing volatility in

negative affect.

Caveats must be issued. First, data were collected in

an open trial. Without comparisons to some kind of con-

trol group, we cannot infer that changes in volatility

were wrought by bright light treatment. Outcome

changes during treatment may have been due to patient

expectations of improvement, or contact with study staff,

or simply due to patients self-monitoring their pain,

mood, function, and sleep over the course of the study. A

randomized controlled trial—particularly using a group

receiving a placebo light treatment—is needed to increase

confidence that exposure to morning bright light as such

exerted effects on mean levels and volatility of outcomes.
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Second, the parent study was a treatment development

project, and thus the sample was small. Confidence in

results is buoyed by the large number of diary observa-

tions made over the course of 49 days, but having such a

small sample increases the possibility that the results are

unreliable. Third, the project was funded to study US mil-

itary veterans, and high levels of acute and chronic pain

may deter some individuals from enrolling or fully partic-

ipating in the study protocol. These factors confer the

risk that the results may not be generalizable to all adults.

Fourth, we relied exclusively on self-reported sleep qual-

ity. To fully examine volatility in sleep parameters and its

impact on patient quality of life, objective measures—

such as those offered by actigraphy—will need to be

collected.

In sum, we focused on variability in pain, mood, func-

tion, and sleep because this veiled aspect of chronic pain

could contribute to decreased quality of life. First, our

results indicate that significant day-to-day fluctuations in

pain, mood, and sleep may indeed characterize the expe-

rience of people with CLBP. Second, we found that, in

addition to changes in mean levels of pain-related factors,

changes in volatility may be produced during a comple-

mentary/integrative intervention. Specifically, day-to-day

fluctuations in pain and negative affect may be reduced

through such an intervention. More work is needed to

study both the efficacy of bright light therapy and the

therapeutic mechanisms by which bright light may re-

duce volatility. In addition, the impact on volatility of

psychosocial treatments with demonstrated efficacy in

improving mean levels of pain-related factors must also

be considered.
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