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Abstract Chronic rheumatic conditions are typically

characterized by chronic pain and are uniquely associated

with increased rates of cigarette smoking and poor sleep

quality. However, no study has examined the possible

additive or interactive effects of these two health behaviors

in individuals diagnosed with a chronic rheumatic condi-

tion. The goal of this study is to examine the relationship

between cigarette smoking and sleep in a population

sample of individuals diagnosed with a chronic rheumatic

condition and related functional impairment. Cross sec-

tional survey data was obtained from the 2007 National

Health Interview Survey. Individuals diagnosed with a

chronic rheumatic condition were more likely to be a for-

mer or current smoker compared to non-diagnosed indi-

viduals. Individuals with a chronic rheumatic condition

were more likely to report \6 h of sleep per night and

endorsed significantly more insomnia and daytime sleepi-

ness. There was no interaction between diagnosis of a

chronic rheumatic condition and smoking status on any of

the sleep outcomes assessed. Finally, an interaction was

observed suggesting individuals with a chronic rheumatic

condition who currently smoke are more likely to report

averaging \6 h of sleep per night and frequent insomnia

compared to individuals with a chronic rheumatic condi-

tion who never smoked. These results suggest both a

unique and additive relationship between smoking and

sleep in individuals with a chronic rheumatic condition.

Findings can likely be generalized to other conditions

commonly associated with chronic pain.
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Introduction

It has been well documented that the rates of smoking in

individuals with chronic pain conditions are higher than

that of the general population. This is particularly true of

people with musculoskeletal and connective tissue disor-

ders (Andersson et al., 1998; Brage & Bjerkedal, 1996;

Leino-Arjas, 1998; Mitchell et al., 2011; Palmer et al.,

2003; Scott et al., 1999; Strine et al., 2005; Ulrich et al.,

2006; Yunus et al., 2002). Moreover, it has been shown

that cigarette smoking is associated with exacerbated pain

intensity and related symptoms (Biering-Sorensen &

Thomsen, 1986; Eriksen et al., 1997; Goldberg et al., 2000;

Jamison et al., 1991; Pamuk et al., 2009; Vogt et al., 2002).

For example, Weingarten et al. (2009)compared tobacco

users to nonusers seeking treatment for fibromyalgia and

found that tobacco use was significantly associated with

increased levels of pain intensity, higher scores on a

measure of fibromyalgia symptoms, and greater work

interference. Similar results have also been found using
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population-based samples. For instance, Jakobsson (2008)

conducted a cross-sectional population study of Swedish

residents and found that amongst respondents who

endorsed experiencing chronic pain, current smokers

reported greater levels of pain intensity. Despite the evi-

dence suggesting this link between cigarette smoking and

pain intensity, the mechanism driving this relationship is

unclear and likely multifactorial.

In addition to cigarette smoking, chronic pain conditions

are also associated with other negative health behaviors,

such as poor sleep. Individuals with chronic pain report

averaging less sleep efficiency (i.e. amount of restful sleep in

proportion to time spent in bed (Buysse et al., 1989) com-

pared to the general population. Specifically, pain is asso-

ciated with fewer hours of sleep, insomnia, early waking,

and general reports of poor sleep quality (Belt et al., 2009;

Marty et al., 2008; Okura et al., 2008; Theadom et al., 2007).

Furthermore, sleep laboratory studies have found that indi-

viduals with chronic pain experience less deep slow-wave

sleep and more brief arousals and awakenings compared to

those without pain Anch et al. (1991); Branco et al., 1994;

Hirsch et al., 1994). This lack of restorative sleep is partic-

ularly detrimental to individuals with chronic pain as it is

predictive of a number of negative outcomes including

increased pain (Edwards et al., 2008; Tang et al., 2007),

depressed mood, and poorer overall functioning (McCrac-

ken & Iverson, 2002; Naughton et al., 2007; Palermo et al.,

2008; Pilowsky et al., 1985).

Cigarette smoking has also been shown to be related to

sleep quality. Findings from clinical and population based

studies have consistently found that smokers experience

poorer sleep compared to nonsmokers (Conway et al.,

2008; Lexcen & Hicks, 1993; Phillips & Danner, 1995;

Soldatos et al., 1980, Wetter & Young, 1994; Wetter et al.,

1994). For instance, Zhang et al. (2006) used polysom-

nography to examine differences in sleep architecture of

smokers and nonsmokers in a large population study. They

found that compared to nonsmokers, smokers tended to

have longer initial sleep latency (i.e., amount of time in bed

before falling asleep), less total sleep time, and more time

in the lighter less restorative phases of sleep (i.e., more

stage 1 and less slow wave sleep). While it not fully

understood why cigarette smoking adversely affects sleeps,

there is some data to suggest that one possibility may be

related to both the stimulative effects of nicotine in the

early part of the night and nicotine withdrawal occurring

during the later part of the night (Zhang et al., 2008). As

such, it is possible that frequency of cigarette use may be

related to sleep quality, with heavy smoking associated

with poorer sleep than light or intermittent smoking.

Given the individual relationships between chronic pain

conditions, cigarette smoking, and sleep quality, it would

be informative to understand whether or not an additive

effect exists, such that the presence of both a chronic pain

condition and smoking predict even greater sleeping diffi-

culties compared to either condition alone. One study that

compared smokers and nonsmokers from a pain clinic on a

number of health outcomes found that smokers were more

likely to report greater sleep interference as a result of their

pain (Weingarten et al., 2009). However, this study used a

general one-item measure of sleep quality and instructed

respondents to base their answers specifically within the

context of their pain. Thus, to date, no study has explicitly

examined the relationship between cigarette smoking, sleep

quality, and chronic pain conditions. As such, the goal of

this study is to provide an initial examination of these

associations using a United States population based sam-

ple. Specifically, we expect to find that (1) individuals with

a chronic rheumatic condition associated with pain will be

more likely to smoke cigarettes compared to those without

a chronic rheumatic condition; (2) individuals with a

chronic rheumatic condition will report poorer overall

sleep quality compared to those without a chronic rheu-

matic condition; (3) there will be an interaction between

smoking and a chronic rheumatic condition on sleep where

smoking status serves as moderator; and (4) there will be a

relationship between smoking frequency and sleep such

that those individuals with a chronic rheumatic condition

who are heavy smokers will report greater sleep difficulties

than those who are light/moderate smokers.

Method

Sample population

The current study included 22,850 individuals, aged 18–84

drawn from the 2007 National Health Interview Survey (NHIS;

CDC, 2007). The NHIS is a nationwide population-based

household health survey that has been conducted annually

since 1957 by the Centers for Disease Control and Prevention.

The survey includes approximately 30,000–40,000 households

in the civilian, non-institutionalized population, and is used to

track trends in illness and disability in the United States. The

NHIS utilizes a complex survey design involving clustering,

stratification, and multistage sampling. Each survey year rep-

resents a different sample and blacks and Hispanics are over-

sampled. The final response rate for the adult sample was

approximately 68 % (National Center for Health Statistics,

2008).

Dependent variable

A chronic rheumatic condition was defined in this study as

the presence of a current diagnosis of a rheumatological

condition plus general functional impairment. This was
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captured using the following questions from the NHIS:

‘‘Have you ever been told by a doctor or other health

professional that you have some form of arthritis, rheu-

matoid arthritis, gout, lupus, or fibromyalgia?’’ and ‘‘Are

you now limited in any way in any of your usual activities

because of arthritis or joint symptoms?’’ A total of 2,176

(8.8 %) of the total sample met this criteria for chronic

pain. The breakdown of the group by type of diagnoses was

as follows: arthritis 79.5 %, rheumatoid arthritis 13.4 %,

fibromyalgia 10.2 %, gout 4.6 %, lupus 1.7 %, and other

7.6 %. The mean age of the chronic rheumatic condition

sample was 59.1 years and the average number of years

since diagnosis was 13.9 (as defined by the question, ‘‘How

long have you had arthritis or rheumatism?’’). Approxi-

mately 89 % of the sample had been diagnosed with a

rheumatological condition for at least 2 years, 10 %

between 6 months and 2 years, and 1 % had been diag-

nosed less than 6 months.

Independent variables

Sociodemographic characteristics

Demographic variables included in these analyses con-

sisted of age, gender, education level (\high school, high

school diploma/equivalent, and [high school diploma),

employment status (working, looking for work, and not

working), marital status (married/living with partner,

divorced/separated/widowed, and never married), and race/

ethnicity (non-Hispanic White/Caucasian, non-Hispanic

black/African American, Hispanic, non-Hispanic Asian,

and non-Hispanic other).

Affective status

Measures of global depression and anxiety symptoms were

assessed using two separate questions that asked respondents

whether or not they had experienced frequent feelings of

depression or anxiety over the past 12 months. Specifically,

respondents were asked ‘‘During the past 12 months, have

you been frequently depressed?’’ and ‘‘During the past

12 months, have you been frequently anxious?’’

Smoking history

In this study, smoking status was determined using two

questions which assessed whether or not the respondents

had smoked at least 100 cigarettes in their lifetime and if he

or she was currently smoking. Those respondents who

endorsed current smoking were then asked a follow-up

question to determine on average how many cigarettes they

smoked per day. For the purpose of our analyses, those

individuals who reported smoking less than 100 cigarettes

in their lifetime were classified as never smokers and those

who had smoked more than 100 cigarettes in their lifetime

but were not currently smoking were categorized as former

smokers. However, for several of the analyses these two

groups were collapsed together and the respondents were

considered nonsmokers. For those individuals who were

currently smoking, those consuming one pack or more of

cigarettes per day (C20 cpd) were classified as heavy

smokers while those who smoked less one pack a day

(\20 cpd) were classified as moderate/light smokers.

Sleep quality

Three questions from the NHIS were used to capture the

overall sleep quality of the respondents. Sleep duration was

assessed using the question ‘‘On average, how many hours

of sleep do you get in a 24-hour period?’’ Individuals who

reported 6–9 h of sleep were considered normal sleepers,

while those endorsing \6 were categorized as ‘‘short’’

sleepers and those getting [9 were considered ‘‘long

sleepers’’. Other measures of sleep quality were assessed

using the following yes/no questions: ‘‘During the past

12 months, have you regularly had insomnia or trouble

sleeping?’’ and ‘‘During the past 12 months, have you

regularly had excessive sleepiness during the day?’’

Statistics

Analyses were performed using SAS-callable SUDAAN,

release 10.0.1, which corrects standard errors to account for

the complex sampling design of the NHIS survey. Using

classic contingency table analysis, we compared individuals

with versus without a chronic rheumatic condition and indi-

viduals with a chronic rheumatic condition who smoked

versus individuals with a chronic rheumatic condition who did

not smoke and individuals without a chronic rheumatic con-

dition who smoke. Reported P values are based on Chi-square

using corrected standard errors derived from SUDAAN

PROC CROSSTAB. A series of Logistic regressions were

performed comparing sleep quality (i.e. average hours of

nightly sleep, insomnia, and excessive daytime sleepiness) on

smoking status, diagnosis of a chronic rheumatic condition,

depressed mood, and anxious mood while also controlling for

age, gender, race/ethnicity, education, employment status and

marital status. Odds ratios and 95 % confidence intervals were

calculated using the SUDAAN procedure PROC RLOGIST.

Finally, Chi-square was used to make comparisons regarding

sleep characteristics for individuals with a chronic rheumatic

condition who were current versus never smokers, and indi-

viduals with a chronic rheumatic condition who were light/

moderate smokers versus heavy smokers.
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Results

Demographics, smoking, and sleep variables

Comparisons between individuals with and without a

chronic rheumatic condition on a variety of sociodemo-

graphic characteristics are presented in Table 1. Specifi-

cally, individuals with a chronic rheumatic condition were

much more likely to be older (65+ years), Caucasian, not

working, less educated, divorced/separated/widowed, and

have more current feelings of depression and anxiety

compared to respondents without a chronic rheumatic

condition.

Mean differences between those with a chronic rheu-

matic condition and those without on a number of sleep and

smoking variables are also presented in Table 1. With

respect to smoking history, individuals with a chronic

rheumatic condition were significantly more likely to

endorse being a current or former smoker compared to

those without a chronic rheumatic condition (P \ 0.001).

Moreover, smokers with a chronic rheumatic condition

reported smoking an average of 17 cigarettes compared to

the 13.4 in the non-chronic rheumatic condition group. We

found no significant difference in age of onset of regular

smoking between the two groups. With respect to sleep,

those with a chronic rheumatic condition were more likely

to have reported being a short sleeper (i.e., \6) or long

sleeper ([9) compared those without a chronic rheumatic

condition (P = 0.001). Furthermore, individuals with a

chronic rheumatic condition were significantly more likely

to have endorsed regular insomnia and excessive daytime

sleepiness, suggesting that these individuals may have

poorer sleep quality compared to those without a chronic

rheumatic condition (47.2 vs. 15.2 % and 28.9 vs. 8.2 %,

respectively).

Individuals with a chronic rheumatic condition were

then categorized into smokers and nonsmokers and their

demographic comparisons are presented in Table 2. In

particular, compared to nonsmokers with a chronic rheu-

matic condition, smokers were more likely to be male,

younger, working or looking for work, and have less formal

education. In addition, they endorsed much higher rates of

feeling depressed (46.1 vs. 28.7 %) and anxious (42.7 vs.

25.4 %) compared to their nonsmoking counterparts. In

order to examine whether these demographic differences

are unique to smokers with a chronic rheumatic condition,

we also compared smokers with a chronic rheumatic con-

dition to smokers without a chronic rheumatic condition

(data not shown). We found that smokers with a chronic

rheumatic condition were significantly more likely to be

female (55.1 vs. 44.4 %), over age 35 (91 vs. 60.3 %), not

working (64.3 vs. 26.3 %), have less formal education

(25.6 vs. 19.4 %), be divorced (34 vs. 18.3 %), and report

higher levels of depressed mood (46.1 vs. 15.5 %) and

anxiety (42.7 vs. 15.8 %) compared to smokers without a

chronic rheumatic condition.

Logistic regression

Results from multiple logistic regressions are presented in

Table 3. After controlling for age, gender, ethnicity, edu-

cation, employment, feelings of depression, and feelings of

anxiety, individuals with a chronic rheumatic condition

were more likely to have reported less than 6 h of sleep per

night (OR = 1.98) compared to individuals without a

chronic rheumatic condition. In addition, they were 2.4 and

2.6 times more likely to experience regular insomnia and

excessive daytime sleepiness, respectively. Current smok-

ers were also more likely to endorse less than[6 h of sleep

per night (OR = 1.58) and experience regular insomnia

(OR = 1.35) compared to nonsmokers. The interactions

between the presence of a diagnosis of a chronic rheumatic

condition and smoking status on sleep outcomes were not

significant.

Relationship between smoking and sleep quality

in individuals with CRP

In order to assess the unique contribution of smoking on

sleep quality in individuals with a chronic rheumatic

condition, analyses were conducted looking at the rela-

tionship between smoking status and sleep in individuals

diagnosed with a chronic rheumatic condition (Table 4).

Specifically, current smokers with a chronic rheumatic

condition were significantly more likely to have endorsed

less than 6 h of sleep (25.4 %) compared to individuals

with chronic rheumatic condition who never smoked

(15.2 %). They also experienced more frequent insomnia

(61.1 vs. 40.9 %) and excessive daytime sleepiness (38.8

vs. 21.7 %). In order to address whether these differences

in sleep quality were unique to smokers with a chronic

rheumatic condition, we also compared smokers with a

chronic rheumatic condition to smokers without (data not

shown). Again, we found that smokers with a chronic

rheumatic condition were significantly more likely to

report less than 6 h of sleep (25.4 %) compared to smokers

without (10.1 %), and also endorsed greater rates of

insomnia (61.1 vs. 21.1 %) and excessive daytime sleepi-

ness (38.8 vs. 11.5 %).

To examine the potential relationship between these

sleep variables and amount of cigarettes smoked per day,

Table 5 presents a second set of analyses that looked at the

relationship between those individuals with chronic rheu-

matic pain who were heavy smokers (C20 cpd) versus

light/medium smokers (\20 cpd). While we found no

association between smoking level and average number of
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Table 1 Comparisons between individuals with and without a chronic rheumatic condition on demographics, smoking, and sleep characteristics

Variable Chronic rheumatic condition Statistic P

Yes (n %) No (n %)

Gender

Male 759 (38.7) 9,416 (49.4) X2 = 64.95 \0.001

Female 1,417 (61.3) 11,223 (50.6)

Age

18–34 91 (4.8) 6,594 (33.9) X2 = 377.38 \0.001

35–64 1,203 (59.7) 10,898 (53.4)

65+ 882 (35.6) 3,147 (12.6)

Ethnicity

Caucasian 1,456 (76.9) 12,141 (68.3) X2 = 35.89 \0.001

African American 398 (12.3) 3,247 (11.7)

Hispanic 257 (8.3) 3,902 (14.1)

Asian 36 (1.2) 1,177 (5.0)

Other 29 (1.3) 172 (0.9)

Employment type

Working 549 (29.2) 13,312 (66.4) X2 = 281.55 \0.001

Looking for work 46 (2.0) 602 (2.9)

Not working 1,581 (68.8) 6,692 (30.7)

Education

Less than HS diploma 568 (22.7) 3,473 (14.6) X2 = 34.14 \0.001

HS diploma/GED 662 (31.7) 5,682 (28.6)

More than HS diploma 927 (45.6) 11,257 (56.8)

Marital status

Married/living with partner 994 (62.0) 10,877 (63.1) X2 = 196.02 \0.001

Divorced/separated/widowed 965 (30.9) 4,663 (14.8)

Never married 207 (7.1) 4,985 (22.1)

Frequently depressed (12 months)

Yes 716 (32.7) 1,927 (8.6) X2 = 298.17 \0.001

No 1,454 (67.3) 18,684 (91.4)

Frequently anxious (12 months)

Yes 622 (29.4) 1,920 (9.0) X2 = 197.19 \0.001

No 1,547 (70.6) 18,694 (91.0)

Smoking status

Never 970 (43.5) 12,339 (60) X2 = 75.56 \0.001

Former 683 (33.2) 4,079 (20.2)

Current (total) 469 (23) 3,799 (19.5)

Light/moderate 252 (11.7) 2,550 (12.7)

Heavy 217 (11.3) 1,249 (6.8)

Average # cigs per day 17 13.4 t = 5.33 \0.001

Age of smoking regularly (years) 17.5 17.6 t = -0.29 0.770

Average hours of sleep per night

\6 325 (16.2) 1,391 (6.5) X2 = 66.40 \0.001

6–9 1,607 (76.8) 18,083 (90.6)

[9 158 (7) 632 (2.9)

Regular insomnia (12 months)

Yes 998 (47.2) 3,274 (15.2) X2 = 343.03 \0.001

No 1,174 (52.8) 17,344 (84.8)

Regular excessive daytime sleepiness

Yes 597 (28.9) 1,717 (8.2) X2 = 222.85 \0.001

No 1,573 (71.1) 18,900 (91.8)
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hours of sleep per night or excessive daytime sleepiness,

there was a significant relationship for frequent insomnia,

with 68.7 % of heavy smokers endorsing this problem

compared to 54.2 % of other smokers.

Discussion

Given the individual associations and negative outcomes of

cigarette smoking and poor sleep on individuals with

chronic rheumatic conditions, the purpose of this study was

to examine the relationships and possible interactive or

additive effects of these variables in a nationally-repre-

sentative health survey.

Consistent with previous research, we found that indi-

viduals with a chronic rheumatic condition were signifi-

cantly more likely to smoke cigarettes compared to those

without a diagnosis. Furthermore, those individuals with a

chronic rheumatic condition endorsed smoking an average

of 17 cigarettes per day as compared to 13.4 for those

without a chronic rheumatic condition. These findings are

in line with population estimates of smoking (16.8 cpd;

CDC, 2005). While increased rates of cigarette smoking

have been demonstrated in individuals with musculoskel-

etal and connective tissue disorders, the directionality and

underlying mechanisms driving this relationship are

unclear. For example, some studies support the notion that

cigarette smoking may contribute to the onset of a number

of chronic pain conditions (Feldman et al., 1999; Battie

et al., 1991). Conversely, there is also evidence to suggest

that many individuals with pain may use cigarette smoking

as a coping mechanism (Ditre & Brandon, 2008). One

study looking at smoking behavior in back pain patients

found that 57 % of smokers reported an increased desire to

smoke when they were in pain, despite the fact that the

majority of these individuals (91 %) did not believe that

smoking ultimately influenced their pain level (Jamison

et al., 1991). Data on the physiological effects of smoking

on pain have been mixed, as some studies found an an-

tinociceptive effect of nicotine on pain (Fertig et al., 1986;

Han et al., 2005; Jamner et al., 1998) and others found no

evidence of decreased sensitivity to pain processing asso-

ciated with cigarette use (Knott, 1990; Sult & Moss, 1986;

Waller et al., 1983).

We found that individuals with a chronic rheumatic

condition endorsed poorer sleep quality across all domains

compared to individuals without a diagnosis. With respect

to number of hours of sleep per night, those with a chronic

rheumatic condition were almost twice as likely

(OR = 1.98) to endorse being a short sleeper (i.e.,\6 h of

sleep per night), suggesting that these individuals are at a

higher risk for not getting an adequate amount of rest each

night. On a related note, we found that individuals with a

chronic rheumatic condition endorsed significantly more

insomnia (OR = 2.4) and excessive daytime sleepiness

(OR = 2.6) than those without a chronic rheumatic con-

dition. These findings are consistent with previous research

which has found diminished sleep quality in individuals

with chronic pain. Depending upon the nature of the source

of pain, a number of hypotheses may help explain this

association. However, one possibility that has grown out of

basic research is that chronic long term pain may lead to

functional changes in an area of the brainstem (raphe

magnus) that is responsible for modulating pain during

Table 2 Comparisons between smokers and nonsmokers with a

chronic rheumatic condition on demographic characteristics

Variable Current smoker X2 P

Yes (n %) No (n %)

Gender

Male 209 (44.9) 534 (36.6) 5.99 0.015

Female 270 (55.1) 1,119 (63.4)

Age

18–34 37 (9.0) 52 (3.4) 50.29 \0.001

35–64 352 (78.1) 826 (54.1)

65+ 90 (12.9) 775 (42.6)

Ethnicity

Caucasian 324 (78.9) 1,100 (76.1) 2.04 0.089

African American 101 (12.6) 289 (12.3)

Hispanic 38 (5.6) 218 (9.3)

Asian 5 (0.7) 28 (1.2)

Other 11 (2.2) 18 (1.1)

Employment type

Working 123 (31.8) 414 (28.3) 5.43 0.005

Looking for work 22 (4.0) 23 (1.3)

Not working 334 (64.3) 1,216 (70.4)

Education

Less than HS diploma 135 (25.6) 425 (21.9) 4.89 0.008

HS diploma/GED 166 (36.4) 488 (30.6)

More than HS diploma 172 (37.9) 730 (47.6)

Marital status

Married/living with

partner

182 (57.3) 792 (63.5) 1.88 0.155

Divorced/separated/

widowed

238 (34.0) 144 (6.5)

Never married 56 (8.8) 711 (30.0)

Frequently depressed

(12 months)

Yes 225 (46.1) 475 (28.7) 34.59 \0.001

No 253 (53.9) 1,175 (71.3)

Frequently anxious

(12 months)

Yes 197 (42.7) 410 (25.4) 26.96 \0.001

No 280 (57.3) 1,240 (74.6)
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sleep (Foo & Mason, 2003). It is also possible that certain

medication used to treat pain conditions, such as opioids,

steroids, and nonsteroidal anti-inflammatory drugs may

influence sleep architecture (Lamberg, 1999).

One of the goals of this study was to examine the

relationship between the presence of a chronic rheumatic

condition and smoking on sleep quality. We found that

those with a chronic rheumatic condition were significantly

more likely to endorse shorter amounts of sleep, frequent

insomnia, and excessive daytime sleepiness. However, we

did not find an interaction between the presence of a

diagnosis of a chronic rheumatic condition and smoking

status on sleep outcomes. This suggests that the increased

rates of smoking and sleeping difficulties in individuals

with a chronic rheumatic condition are unique and additive.

One of the novel components of this study was exami-

nation of the relationship between smoking and sleep

in individuals with a chronic rheumatic condition.

Table 3 Logistic regression of smoking, chronic rheumatic condition, and affective variables on sleep characteristics

Variable Average hours of sleep per night Regular insomnia (12 months) Daytime sleepiness (12 months)

[6 vs. B6 Yes vs. No Yes vs. No

OR CI P OR CI P OR CI P

Smoking status

Current 1.58 1.34–1.86 0.000 1.35 1.20–1.53 0.000 1.09 0.94–1.28 0.251

Never/former 1.00 1.00 1.00

Diagnosis

Chronic rheumatic condition 1.98 1.60–2.45 0.000 2.44 2.09–2.86 0.000 2.46 2.05–2.96 0.000

No chronic rheumatic condition 1.00 1.00 1.00

Smoking diagnosisa

Yes/Yes 1.07 0.68–1.69 0.768 1.36 1.00–1.85 0.0517 1.08 0.71–1.62 0.724

Frequently depressed (12 months)

Yes 2.32 1.92–2.81 0.000 3.69 3.23–4.21 0.000 3.96 3.32–4.72 0.000

No 1.00 1.00 1.00

Frequently anxious (12 months)

Yes 1.68 1.39–2.03 0.000 3.75 3.28–4.29 0.000 2.96 2.50–3.50 0.000

No 1.00 1.00

a Controlling for age, gender, ethnicity, education, employment, marital status, depression and anxiety

Table 4 Comparisons between current smokers and never smokers

with a chronic rheumatic condition on sleep characteristics

Variable Smoking status X2 P

Current

(n %)

Never

(n %)

Average hours of sleep per

night

\6 106 (25.4) 142 (15.2) 4.85 0.008

6–9 331 (69.2) 745 (79.8)

[9 28 (5.4) 63 (5.0)

Frequent insomnia

(12 months)

Yes 282 (61.1) 389 (40.9) 37.54 \0.001

No 196 (38.9) 581 (59.1)

Excessive daytime

sleepiness

Yes 169 (38.8) 213 (21.7) 25.24 \0.001

No 308 (61.2) 756 (78.3)

Table 5 Comparisons between heavy smokers and light/moderate

smokers with chronic rheumatic conditions on sleep characteristics

Variable Smoking status X2 P

Heavy

smoker

(n %)

Light/moderate

smoker (n %)

Average hours of

sleep per night

\6 53 (25.2) 50 (25.6) 0.04 0.960

6–9 146 (69.7) 182 (68.6)

[9 14 (5.1) 14 (5.8)

Frequent insomnia

(12 months)

Yes 145 (68.7) 132 (54.2) 3.88 0.050

No 72 (31.3) 120 (45.8)

Excessive daytime

sleepiness

Yes 89 (45.1) 78 (33.4) 2.51 0.114

No 127 (54.9) 174 (66.6)
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Specifically, of those individuals with a chronic rheumatic

condition, we found that those who were current smokers

were significantly more likely to be short sleepers and

experience frequent insomnia and daytime sleepiness

compared to both nonsmokers with a chronic rheumatic

condition and smokers without a chronic rheumatic con-

dition. These findings are consistent with another study that

found that smokers with fibromyalgia were more likely to

report feeling fatigued and awaking unrefreshed on the

Fibromyaglia Impact Questionnaire (FIQ) compared to

nonsmokers (Weingarten et al., 2009). Conversely, Fishb-

ain et al. (2007) did not find a difference on a measure of

fatigue between smokers and nonsmokers with lower back

pain. However, it is important to note that this study did not

examine sleeping characteristics specifically.

In order to assess for a dose response relationship, we

further categorized current smokers with a chronic rheu-

matic condition into heavy (i.e., C20 cpd) and moderate/

light (\20 cpd) smokers. While we found no between

group differences on the average hours of sleep per night,

heavy smokers were significantly more likely to report

insomnia and showed slightly elevated reports of excessive

daytime sleepiness compared to the light/moderate smok-

ers. While this dose response relationship has been docu-

mented with respect to heavy smokers and number of pain

locations and intensity (Ulrich et al., 2006), to the best of

our knowledge this is the first study to demonstrate that the

number of cigarettes consumed is significantly associated

with insomnia and sleep quality in individuals with a

chronic rheumatic condition typically associated with pain.

Finally, we found a relationship between mood and the

presence of a chronic rheumatic condition such that those

with a diagnosis were significantly more likely to endorse

current feelings of depression (32.7 vs. 8.6 %) and/or

anxiety (29.4 vs. 9 %). A number of studies have demon-

strated individual associations between mood disorders,

smoking (Breslau et al., 1993; Weingarten et al., 2009) and

sleep (Blair et al., 2003; Castro & Daltro, 2009; Goodrich

et al., 1998) in individuals with a chronic pain condition.

However, in this study the relationship between smoking

and sleep in individuals with a chronic rheumatic condition

persisted even after controlling for current feelings of

depression and anxiety, suggesting that these behaviors

contribute their own unique variance and cannot be

accounted for solely by comorbid affective symptoms.

The use of cross sectional survey data has a number of

inherent limitations which should be noted. First, our

sample consisted of individuals who were defined as hav-

ing a chronic rheumatic condition as evidenced by the

presence of a diagnosis of a rheumatological disorder and

accompanying functional impairment. While we believe

that this sample likely represents a patient population that

typically experiences chronic pain, we had no way of

assessing whether or not these individuals indeed experi-

ence chronic pain, and if so, at what level of severity.

Therefore, future studies using clinical samples and more

precise measures of chronic pain are warranted. On a

related note, the controls in this study were all respondents

who did not meet criteria for the chronic rheumatic con-

dition group. It is likely that a number of these individuals

also have illnesses or conditions which could cause pain

and related impairments. As such, future inquiries should

include a clearly defined pain free comparison group.

Second, due to methodological limitations of the survey

instrument, this study focused specifically on individuals

with a chronic rheumatic condition as opposed to using a

more broad definition of chronic pain. While epidemio-

logical surveys have found arthritis and rheumatism to be

among the most common sources of chronic pain (Clark,

2002; Elliott et al., 1999), it is possible that there are fac-

tors unique to these conditions that may limit generaliz-

ability to other types of chronic pain conditions.

Smoking and sleep related variables were assessed via

single-item self-report which is subject to a number of biases

and may not accurately capture the true prevalence of these

behaviors. With respect to smoking, there is some evidence

to suggest that self-reports may offer an underestimation of

true smoking behavior when compared to cotinine levels

(Gorber et al., 2009). Moreover, discrepancies have also

been found in self-report measures of sleep when compared

to more objective diagnostic tools (Espit et al., 1989; Landis

et al., 2003; Palermo et al., 2007). However, it must be noted

that these differences tend to be small and are more likely to

be a factor when collecting more detailed sleep information

(e.g., sleep latency) as opposed to the general questions

asked in this study. While the nature of this study precluded

the use of more objective measures of smoking (e.g., coti-

nine, Time-Line Follow-Back (TLFB) calendar) and sleep

(e.g., actigraphy, polysomnography) additional studies using

smaller samples may be able to employ such methods to

obtain more precise estimates and gain a better understand-

ing of the specific relationships between these variables.

Finally, the use of a cross sectional design did not allow

for examination of temporal order, and as such it was

impossible to determine the directionality of the relation-

ship between the presence of a chronic rheumatic condi-

tion, smoking, and sleep. Future studies employing

prospective and longitudinal designs will be useful to help

tease apart issues of causality.

Despite these limitations, the current study offers an

important first step in understanding the additive relation-

ship between cigarette smoking and sleep in individuals

with a chronic rheumatic condition typically associated

with pain. These findings remained significant even after

controlling for a number of potential covariates suggesting

a unique relationship between smoking and sleep in
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individuals with a chronic rheumatic condition that does

not appear to be accounted for by other commonly iden-

tified factors. Moreover, while this study focused specifi-

cally on rheumatic conditions, it is plausible that these

findings would generalize to other types of chronic pain

conditions. These findings point towards the importance of

better understanding the relationship between smoking and

sleep in chronic pain populations.
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