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Abstract

Background Sleep disturbance is associated with poorer
outcomes in cardiac patients, but little is known about the
independent role of sleep quality in coronary artery bypass
graft (CABG) patients.

Purpose This study aims to examine the relationship between
preoperative sleep complaints and post-operative emotional
and physical recovery in CABG surgery patients,
independently of demographic, clinical and mood factors.
Methods Two hundred thirty CABG patients (aged 67.81+
9.07 years) completed measures of self-reported sleep
complaints before surgery and health-related quality of life
(HRQoL), physical symptoms and pain 2 months after
surgery.

Results Greater sleep complaints prior to surgery were
associated with greater physical symptoms, poorer physical
HRQoL and greater sensory pain after surgery (p <0.05), but
not with affective pain or mental HRQoL. Preoperative mood
was not able to explain these associations.

Conclusions Sleep complaints may be implicated in physical
recovery from CABG surgery but further work is needed to
understand the role of causal pathways.
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Introduction

Despite high survival rates and cardiac symptom relief, many
patients fail to show improvements in their quality of life
following coronary artery bypass graft (CABG) surgery. The
reason for this is not clear and has yet to be fully accounted for
in the literature. For example, Hawkes and Mortensen [1]
reported cross-cultural data showing that 27 % of cardiac
surgery patients have a clinically significant decline in quality
of life at 6-month follow-up compared to pre-surgery levels,
and this has been supported by others [2]. In addition, many
patients continue to experience physical symptoms related to
the surgical procedure, such as pain, fatigue and swelling, in
the months following CABG [3-5].

Sleep disturbance may contribute to poorer adaptation
following CABG surgery. Sleep duration and quality are
thought to be particularly relevant to cardiac populations,
being associated with both cardiovascular disease
development and incident events [6—8]. A recent meta-
analysis of prospective studies found that both short and long
sleep duration were associated with increased risk of
developing or dying from coronary heart disease and stroke
[9]. Specific characteristics of poor sleep have also been
investigated in relation to cardiac outcomes, with evidence
for the cardiotoxic effects of difficulty falling asleep [10—12]
and restless and disturbed sleep [13]. Although sleep is
recognised to be an important issue in post-CABG recovery
[14, 15], very few studies have investigated the impact of
sleep disturbance on physical and emotional adaptation and
recovery following cardiac surgery. Hunt and colleagues [16]
studied 123 patients finding that those who reported poor
sleep quality on a single-item measure were 4.8 times more
likely to report poor health-related quality of life (HRQoL)
12 months following CABG. Redeker and colleagues [17]
studied 72 cardiac surgery patients with both self-report and
objective measures of sleep, and reported cross-sectional
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associations between poor sleep quality and worsened
physical and emotional HRQoL at 4 and 8 weeks after
surgery. Lastly, an investigation of 38 males prior to CABG
surgery used prospective analyses to show that the pre-surgery
sleep symptom of feeling unrefreshed on awakening
explained 44.5 % of variance in HRQoL 6 months after
surgery [18]. The work in this area highlights sleep as an
important factor in the prediction of mental and physical
adaptation following CABG; however, it is not clear to what
extent sleep acts independently of depressed mood in CABG
patients; this is an important area for further work given that
sleep disturbance is in itself a symptom of depression, and
depression is a key prognostic factor in CABG patients [19].
Moreover, it is not clear whether poor sleep quality has an
impact on other aspects of surgical recovery following CABG,
such as physical symptom reporting and pain.

In the current study, we aimed to examine the relationship
between preoperative sleep complaints and post-operative
physical and emotional recovery, in the months following
CABG surgery, using a prospective design. Specifically, we
hypothesised that patients who reported greater sleep
complaints before surgery would be more likely to have worse
physical adaptation and recovery in the months after surgery,
including impaired HRQoL, greater self-reported physical
symptoms and greater pain, and that the associations would
be independent of baseline depression and anxiety symptoms,
demographic, disease severity and clinical factors.

Method
Participants

We used data collected from the pilot and main phases of the
Adjustment and Recovery after Cardiac Surgery (ARCS)
Study. Participants were recruited from a pre-surgery
assessment clinic at St. George's Hospital, London. Inclusion
criteria permitted only patients who were undergoing elective
CABG surgery or CABG plus valve replacement to
participate. CABG surgery was defined to include both on-
pump (i.e. cardiopulmonary bypass) and off-pump surgical
procedures. In addition, participants had to be able to
complete the questionnaires in English and be 18 years or
older. The recruitment and retention of participants into the
ARCS Study is displayed in Fig. 1. Briefly, out of the 347
participants who completed valid baseline questionnaires,
those participants included in these analyses were the 230
CABG surgery patients (mean age, 67.81+9.07 years;
12.2 % females) with complete data for all variables at
baseline and follow-up, including covariates. Multiple
imputation was not used in these analyses. Compared to the
participants who were included in these analyses, the excluded
participants were more likely to be female (x?=8.97,
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p=0.003) and have a higher European System for Cardiac
Operative Risk Evaluation (EuroSCORE) (1=2.33, p =0.020).
All procedures were carried out with the written consent of the
participants. We obtained ethical approval from the South
West London research ethics committee.

Study Design

The ARCS study was designed to investigate the causes and
consequences of poor emotional adjustment following cardiac
surgery and was powered to assess the importance of a broad
range of psychological, behavioural and social factors. The
ARCS study uses a prospective longitudinal design to track
patients during the months after CABG surgery. The baseline
assessment took place on average 27 days before patients'
surgery (mean=27.14, standard deviation=26.66) when
participants came to the hospital for their pre-assessment
clinic appointment; all participants completed the baseline
assessment prior to surgery. The researcher conducted a
semi-structured interview with the patient to collect
demographic information and the participant was given a
postal questionnaire to self-complete at home. The follow-up
assessment occurred on average 60 days after surgery (mean=
59.62, standard deviation=25.47) and was carried out using a
postal questionnaire.

Measures
Clinical and Socio-demographic Measures

Cardiovascular history, clinical factors during admission and
management were obtained from clinical notes. Clinical risk
was assessed using the EuroSCORE [20]. EuroSCORE is a
composite measure of procedural mortality risk based on 17
factors comprising patient-related factors (e.g. age, sex),
cardiac-related factors (e.g. unstable angina, recent
myocardial infarction) and surgery-related factors (e.g.
surgery on thoracic aorta). Iltems were scored in accordance
with the “logisitic EuroSCORE” method to generate a
percentage mortality risk estimate; further details of the
scoring method can be found on the EuroSCORE website
(www.euroscore.org/logisticEuroSCORE.htm) [21]. In
addition, the number of grafts a participant received and
whether they underwent cardiopulmonary bypass (yes/no)
were also recorded. Participants detailed their medications
prior to surgery and any longstanding illnesses. Patients who
reported a sleep disorder (e.g. apnoea) or who were taking any
sleep medication were used to create a binary clinical sleep
disorder variable. Socio-economic status was assessed using
yearly household income on a five-point scale ranging from <
£10,000 per year to >£40,000 per year (coded 0—4). Smoking
was measured as a binary variable (current smoker/non-
smoker). Body mass index (BMI) was assessed at the
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Fig. 1 Flow diagram of
participants' progression through
the ARCS study [
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preoperative clinic appointment and calculated using the
standard formula (kilogram per square metre).

Sleep and Mood Factors

Subjective sleep disturbance was assessed at baseline and
post-operative follow-up using an adapted version of the
Jenkins Sleep Problems Scale [22], a widely used brief self-
report instrument, which assesses sleep complaints. This scale
has previously been used in sleep studies [23—27] and has
been administered in CABG samples [28]. In line with

previous work by our colleagues, in addition to the original
four-item scale, a fifth item was included: “how often in the
past month did you have disturbed or restless sleep?” [24]
since this item has been found to be important for cardiac
health [13]. Participants respond by estimating the number of
days each sleep complaint was experienced during the
previous month. Individual item scores range from 0 (not at
all) to 5 (22 to 31 days a month) with total scores ranging
from 0 to 25, with higher scores indicating greater sleep
complaints (baseline Cronbach's «a=0.85; follow-up
Cronbach's a=0.88).
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The Beck Depression Inventory (BDI) [29] was used to
measure depression symptoms at baseline. We removed items
16 (sleep disturbance) and 17 (fatigue) from the total score
throughout these analyses. The remaining 19 items were
scored by summing responses (on a scale of 0 to 3), with
higher scores indicating greater emotional disturbance
(Cronbach's a:=0.83).

The Hospital Anxiety and Depression Scale (HADS) was
designed as a self-report, 14-item measure of anxiety and
depression for use in outpatient settings [30]. Only the
seven-item anxiety scale was utilised in the ARCS study, with
questions being answered on a Likert scale ranging from 0 to
3, to indicate the extent to which the symptom had been
experienced over the past 2 weeks. Items were summed to
generate an overall score, with reverse coding on item 4 and
item 5; higher scores indicate greater anxiety (Cronbach's o =
0.84).

Recovery Outcome Measures

The Short Form health survey—12-item (SF-12) [31] was used
in this study at baseline and follow-up as a brief measure of
mental and physical HRQoL. The SF-12 is comparable to the
SF-36 in detecting change across time in longitudinal studies,
for both the mental and physical component scores [32].
Responses to the questions were calibrated to give mental
and physical HRQoL scores with normative values of 50;
scores below 50 are suggestive of poor quality of life.

The Coronary Revascularisation Outcomes Questionnaire
(CROQ) [33] was designed to assess quality of life and health
outcomes following cardiac surgery. This study used the
adverse effects subscale from the version adapted for CABG
surgery. Patients were asked to rate the extent to which they
had experienced a series of physical symptoms related to their
surgery such as bruising, numbness and tingling and swelling,
using a five-point Likert scale ranging from 0 (not at all) to 4
(a lot); higher scores indicate greater negative symptoms
(Cronbach's a=0.79).

The McGill Pain Questionnaire—Short Form (MPQ-SF)
[34] was developed as a brief version of the standard MPQ
and is suitable for use in post-surgical patients. Two scores
were calculated: the affective pain score is the sum of the
intensity values for the affective descriptor words and the
sensory pain score is the sum of the intensity values for the
sensory descriptor words. Higher scores indicate greater pain
(sensory pain Cronbach's a:=0.90; affective pain Cronbach's
a=0.77).

Statistical Analysis
Paired sample ¢ tests were used to assess changes in measures

over time. Hierarchical multiple regression was used to
examine the relationship between preoperative sleep
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complaints and post-operative recovery. The independent
variable in analyses was baseline sleep complaints and the
dependent variables were physical and mental HRQoL,
physical symptom reporting and sensory and affective pain.
We included covariates in each model that might potentially
relate to the outcomes. Covariates were entered in steps; first
we entered age and sex into the models, followed by marital
status, BMI, smoking status and household income. Next, we
entered clinical sleep disorder, cardiopulmonary bypass,
number of grafts and EuroSCORE. Finally, we entered
baseline scores on the BDI (items 16 and 17 removed) and
the anxiety subscale of the HADS. Baseline SF-12 scores
were also entered into the final step of the models predicting
follow-up scores on this measure. Preoperative measures of
physical symptoms and pain were not collected and so were
not included as covariates in models predicting follow-up
scores on the CROQ or MPQ-SF. Since removing the
participants who reported a sleep disorder from the analyses
did not affect the results, these participants were retained in the
analyses we report here. Variance inflation factor values were
generated for all regression models to assess the assumption of
multicollinearity; all were within the acceptable range. All
analyses were conducted using SPSS version 21.

Results

Characteristics of the sample at the pre-surgical baseline are
summarised in Table 1. The sample had an age range between
22 to 90 years, was predominantly male (87.80 %) and
overweight (BMI>25=81.70 %). The majority of participants
were hypertensive, and approximately one in five patients
suffered from diabetes. The majority of participants had on-
pump cardiopulmonary bypass surgery in isolation.
Participants reported significantly greater sleep complaints
after surgery (mean=10.47, standard deviation=7.11) than
before surgery (mean=9.52, standard deviation=7.02; =
—2.15 p=0.033). The only significant association between
baseline sleep complaints and the demographic and clinical
variables was with marital status (1=2.61, p=0.010), with
unmarried participants (mean=11.70, standard deviation=
7.24) having higher Jenkins total scores at baseline compared
to married participants (mean=8.87, standard deviation=
6.84). Scores on the Jenkins questionnaire were not correlated
with the presence of a clinical sleep disorder (»=0.12, p=
0.078). Baseline sleep complaints were positively associated
with both baseline anxiety (»=0.33, p <0.001) and baseline
depression symptoms (=0.42, p <0.001). Interestingly, post-
operative physical HRQoL was lower in the patients who had
received cardiopulmonary bypass (mean=34.51, standard
deviation=8.35) compared to those who had not (mean=
38.39, standard deviation=8.14; t=2.95, p =0.004). Similarly,
the patients who had received cardiopulmonary bypass
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Table 1 Demographic and clinical characteristics of the sample at
baseline (N=230)

Table 2 Recovery characteristics of the sample at 2 months post-surgery
follow-up (N=230)

Outcome measure Range Mean Standard deviation

Baseline characteristic Mean+SD or N (%)
Age (years) 67.81+£9.07
Female 28 (12.2)
Married/cohabiting 177 (77.0)
Ethnicity—White British/other White 203 (88.3)
Yearly household income

<10,000 GBP 33 (14.3)

10,000-19,999 GBP 70 (30.4)

20,000-29,999 GBP 50 (21.7)

30,000-40,000 GBP 38 (16.5)

>40,000 GBP 39 (17.0)
BMI (kg/m?) 28.37+3.86
Smoker 16 (7.0)
Anxiety (HADS subscale) 6.02+4.46
Depression symptoms (BDI—sleep items 6.89+6.10

removed)
Co-morbidities

Diabetes 51(22.2)

Hypertension 186 (80.9)

Pulmonary disease 16 (7.0)

Neurological disorder 16 (7.0)

Extracardiac ateriopathy 16 (7.0)
Disease severity

Logistic EuroSCORE (%) 4.04+2.77
Surgical procedure

CABG in isolation 175 (76.1)

Number of grafts 2.97+1.09

Cardiopulmonary bypass 179 (77.8)
Sleep

Clinical sleep disorder 522

Jenkins total score 9.52+7.01

N.B. GBP Great British Pounds, BDI Beck Depression Inventory, BMI
body mass index, CABG coronary artery bypass graft, EuroSCORE
European System for Cardiac Operative Risk Evaluation, H4DS Hospital
Anxiety Depression Scale

(mean=14.91, standard deviation=7.57) reported greater
physical symptoms following surgery on the CROQ,
compared to those who had off-pump surgery (mean=12.39,
standard deviation=6.91; r=-2.14, p=0.033).

Mean scores of the dependent variables are displayed in
Table 2. Participants reported significantly poorer physical
HRQoL on the SF-12 after surgery (mean=35.37, standard
deviation=8.44) than before surgery (mean=39.02, standard
deviation=10.83; r=4.36, p<0.001). This is consistent with
results from cross-sectional correlations between the
dependent variables, which revealed that lower physical
HRQoL scores at follow-up were correlated with greater
sensory pain (r=-0.29, p<0.001), greater affective pain (r=
—0.21, p=0.001) and greater CROQ physical symptom scores

Physical HRQoL (SF-12)
Mental HRQoL (SF-12)

18.77-55.92 3537 8.44
41.52-73.68 57.67 6.87

Physical symptoms (CROQ) 041 1435 748
Sensory pain (MPQ-SF) 0-31 451 554
Affective pain (MPQ-SF) 0-12 120 198

N.B. CROQ Coronary Revascularisation Outcomes Questionnaire,
HRQoL Health-related Qualtiy of Life, MPQO-SF McGill Pain
Questionnaire-Short Form, SF-7/2 Short Form health survey-12-item

(r=-0.34, p<0.001). Regression analyses were carried out to
assess whether baseline sleep complaints predicted physical
HRQoL at follow-up. The results displayed in Table 3 show
that baseline total sleep complaints were a significant predictor
in the model (r=-2.83, p=0.005) after controlling for
covariates. This is a negative association such that higher
preoperative sleep complaint scores were associated with
lower physical HRQoL. The only other significant predictors
of lower physical HRQoL in the final model were use of
cardiopulmonary bypass (t=—3.25, p=0.001) during surgery
and, contrary to our hypothesis, lower EuroSCORE values (¢ =
2.21, p=0.028). The complete model accounted for 14.6 % of
the variance in post-CABG physical SF-12 scores. Participants
reported significantly better mental HRQoL on the SF-12 after
surgery (mean=>57.67, standard deviation=6.87) than before
surgery (mean=>56.03, standard deviation=6.78; t=—3.30, p=
0.001). However, baseline total sleep complaints were not a
significant predictor of lower post-operative mental HRQoL
(t=—0.57, p=0.571), with the only significant predictors in
this model being greater baseline anxiety (1=-2.18, p=0.031)
and lower mental HRQoL scores (¢=3.40, p=0.001).

Table 4 displays the regression coefficients for the models
predicting post-operative CROQ physical symptoms scores.
Baseline total sleep complaints were a significant predictor of
greater physical symptoms (=2.90, p =0.004) independent of
covariates. The other significant predictors in the final model
were female sex (¢1=2.23, p =0.027), lower household income
(t=-2.35, p=0.020), greater number of grafts (r=3.25, p=
0.001) and use of cardiopulmonary bypass (1=2.96, p=
0.003). The complete model accounted for 21.2 % of the
variance.

Table 5 shows the regression analyses using baseline sleep
complaint scores to predict sensory pain at follow-up. The
results show that greater total preoperative sleep complaints
(t=2.28, p=0.024) were a significant predictor of high sensory
pain scores after surgery, independent of covariates. Lower
income (t=—2.27, p=0.024), higher BMI (¢t=2.17, p=0.031)
and higher anxiety (#=2.26, p =0.025) at baseline were all also
significant predictors in the final model. The final model
accounted for 15.4 % of the variance. Baseline sleep complaints
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Table 3 Multiple regression on
baseline sleep complaints
predicting SF-12 physical
HRQoL at follow-up

N.B. significance values in bold
text p <0.05

N.B. BDI Beck Depression
Inventory, BMI body mass index,
EuroSCORE European System
for Cardiac Operative Risk
Evaluation, HADS Hospital
Anxiety Depression Scale,
HRQoL health related quality

of life, SF-12 Short Form health
survey—12-item

Model B SE 15 95 % CI p value
Step 1
Baseline total sleep complaints —0.291 0.078 —0.242 —0.444 to —0.139 <0.001
Age 0.015 0.060 0.017 —0.102 to 0.133 0.796
Sex —2.769 1.661 —0.108 —6.043 to 0.504 0.097
Step 2
Baseline total sleep complaints —0.285 0.079 -0.237 —0.442 to —0.129 <0.001
Age 0.011 0.064 0.012 —0.116 to 0.138 0.860
Sex —2.455 1.727 —0.095 —5.859 to 0.949 0.157
Marital status —0.247 1.395 —-0.012 —2.996 to 2.503 0.860
Household income 0.248 0.453 0.039 —0.645 to 1.142 0.585
Smoking status —0.879 2210 —0.027 —5.235 t0 3.477 0.691
BMI —0.111 0.144 —0.051 —0.39410 0.172 0.441
Step 3
Baseline total sleep complaints —0.294 0.079 —0.244 —0.450 to —0.138 <0.001
Age —0.097 0.088 —0.104 —0.271 t0 0.077 0.275
Sex —3.462 1.776 —0.134 —6.962 t0 0.039 0.053
Marital status —0.838 1.393 —0.042 —3.583 to 1.907 0.548
Household income 0.316 0.445 0.049 —0.560 to 1.193 0.478
Smoking status —0.562 2.164 —-0.017 —4.827 to 3.703 0.795
BMI —0.118 0.142 —0.054 —0.398 t0 0.162 0.408
EuroSCORE 0.603 0.296 0.198 0.021 to 1.186 0.042
Number of grafts 0.032 0.510 0.004 —0.973 to 1.038 0.950
Cardiopulmonary bypass —4.261 1.331 -0.210 —6.884 to —1.638 0.002
Clinical sleep disorders 4.650 3.699 0.081 —2.641 to 11.941 0.210
Step 4
Baseline total sleep complaints —-0.249 0.088 -0.207 —0.423 to —0.075 0.005
Age —0.115 0.093 —0.123 —0.298 t0 0.069 0.219
Sex -3.184 1.797 —0.124 —6.726 10 0.358 0.078
Marital status —0.769 1.399 —0.038 —3.527t0 1.988 0.583
Household income 0.216 0.453 0.034 —0.676 to 1.108 0.634
Smoking status —0.690 2.204 —0.021 —5.034 to 3.654 0.754
BMI —0.104 0.145 —0.047 —0.390 to 0.182 0.475
EuroSCORE 0.668 0.303 0.219 0.071 to 1.264 0.028
Number of grafts 0.054 0.512 0.007 —0.956 to 1.064 0.916
Cardiopulmonary bypass —4.356 1.340 -0.215 —6.996 to —1.716 0.001
Clinical sleep disorders 4.716 3.747 0.082 —2.669 to 12.101 0.209
Baseline physical HRQoL (SF-12) 0.058 0.055 0.074 —0.051 to 0.166 0.298
Baseline anxiety (HADS) —0.249 0.088 —0.207 —0.393 t0 0.278 0.736
Baseline depression symptoms (BDI) —0.115 0.093 —0.123 —0.298 to 0.224 0.782

were not a significant predictor of post-operative affective pain
(t=1.36, p=0.176), with the only significant predictor in this
model being baseline anxiety (1=3.87, p<0.001).

Discussion

In the present study, we examined the associations between
self-rated sleep complaints in the month prior to CABG
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surgery with physical and emotional recovery in the 2 months
following surgery. The main findings of this study were that
greater sleep complaints before surgery were associated with
poorer physical HRQoL, greater physical symptoms and
greater sensory pain after CABG surgery independently of
baseline mood, disease severity and demographic factors.
Baseline sleep was not associated with emotional HRQoL or
affective pain following surgery, after controlling for
covariates. Baseline depression symptoms were not a
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Table 4 Multiple regression on
baseline sleep complaints Model B SE B 95 % CI p value
predicting CROQ physical
symptoms at follow-up Step 1
Baseline total sleep complaints 0.262 0.069 0.246 0.127 to 0.397 <0.001
Age —-0.010 0.053 -0.012 —0.115 to 0.094 0.846
Sex 2.877 1.468 0.126 —0.016 to 5.769 0.051
Step 2
Baseline total sleep complaints 0.244 0.069 0.228 0.108 to 0.379 <0.001
Age —0.031 0.056 —0.038 —0.141 t0 0.079 0.577
Sex 2.200 1.499 0.096 —0.755t0 5.154 0.144
Marital status 0.894 1.211 0.050 —1.492 t0 3.280 0.461
Household income —0.949 0.393 —0.166 —1.724 t0 —0.173 0.017
Smoking status —0.526 1.918 —0.018 —4.306 to 3.254 0.784
BMI 0.238 0.125 0.123 —0.008 to 0.483 0.058
Step 3
Baseline total sleep complaints 0.268 0.068 0.251 0.134 to 0.402 <0.001
Age 0.015 0.076 0.018 —0.135t0 0.164 0.846
Sex 3.510 1.527 0.154 0.501 to 6.519 0.022
Marital status 1.105 1.197 0.062 —1.254 t0 3.464 0.357
Household income —0.958 0.382 —0.168 —1.712 to —0.205 0.013
Smoking status —0.449 1.860 -0.015 —4.115t0 3.216 0.809
BMI 0.221 0.122 0.114 —0.020 to 0.461 0.072
EuroSCORE —0.303 0.254 -0.112 —0.804 t0 0.197 0.234
Number of grafts 1.449 0.439 0.210 0.585t02.314 0.001
Cardiopulmonary bypass 3.232 1.144 0.180 0.978 to 5.487 0.005
Clinical sleep disorders 3.832 3.180 0.075 —2.435 to 10.099 0.229
Step 4
Baseline total sleep complaints 0.214 0.074 0.200 0.069 to 0.359 0.004
Age 0.068 0.079 0.083 —0.087 t0 0.224 0.389
Sex 3.380 1.516 0.148 0.393 to 6.367 0.027
Marital status 0.991 1.190 0.056 —1.354t0 3.335 0.406
o . Household income —0.894 0.381 —0.157 —1.645 to —0.143 0.020
Zﬁ'psfg‘loﬁ; ance values in bold Smoking status 0762 1856  —0.026  —4421102897 0682
N.B. BDI Beck Depression BMI 0.212 0.123 0.109 —0.031 to 0.455 0.087
Inventory, BMI body mass EuroSCORE —0.416 0.257 —0.154 —0.922 t0 0.091 0.107
index, CROQ Coronary Number of grafts 1.414 0.436 0.205 0.556 to 2.273 0.001
Revascularisation Outcomes Cardiopulmonary bypass 3373 1139 0.188 1.128 10 5.618 0.003
Questionnaire, EuroSCORE .
European System for Cardiac Clinical sleep disorders 2.936 3.182 0.057 —3.336 t0 9.209 0.357
Operative Risk Evaluation, Baseline anxiety (HADS) 0.268 0.145 0.147 —0.017 to 0.553 0.065
HADS Hospital Anxiety Baseline depression symptoms (BDI) ~ 0.032 0.111 0.024 ~0.186 t0 0.250 0.773

Depression Scale

significant predictor of recovery in any of the models.
However, greater preoperative anxiety was a significant
predictor of greater post-operative mental HRQoL and
sensory and affective pain.

A number of studies have shown improvements to HRQoL
following CABG surgery [35-38]. However, in our study, we
reported an overall decrease in physical HRQoL from
preoperative to 2-month post-operative values. The reason
for the discrepancy between our data and previous studies is
not entirely clear, though is potentially due to differences

concerning the study method. For example, differences in
participant demographic and disease severity and the timing
of quality of life assessments are all likely to be contributing
factors. The fact that our participants reported an overall
decline in physical HRQoL at follow-up was consistent with
the pain and physical symptom data, suggesting that
participants were still in an active stage of physical recovery
2 months following surgery. While we report a decline in
mean physical HRQoL over time (39.02 pre-CABG to 35.37
post-CABGQG), the scores are not dissimilar to scores reported
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Table 5 Multiple regression on

baseline sleep complaints Model B SE B 95 % CI p value
predicting MPQ-SF sensory pain
at follow-up Step 1
Baseline total sleep complaints 0.165 0.051 0.209 0.063 to 0.266 0.002
Age -0.012 0.040 —-0.020 —0.090 to 0.066 0.759
Sex 1.913 1.099 0.113 —0.252t0 4.078 0.083
Step 2
Baseline total sleep complaints 0.146 0.051 0.185 0.045 to 0.246 0.005
Age —0.008 0.041 —0.012 —0.089 t0 0.074 0.856
Sex 1.070 1.110 0.063 —1.118 to 3.258 0.336
Marital status 0.084 0.897 0.006 —1.683 to 1.851 0.925
Household income —0.669 0.291 —0.158 —1.243 to —0.094 0.023
Smoking status 2.156 1.421 0.099 —0.644 t0 4.955 0.131
BMI 0.219 0.092 0.153 0.037 to 0.401 0.018
Step 3
Baseline total sleep complaints 0.159 0.052 0.201 0.056 to 0.262 0.003
Age 0.050 0.058 0.082 —0.065 to 0.165 0.391
Sex 1.561 1.171 0.092 —0.747 to 3.869 0.184
Marital status —0.138 0918 -0.010 —1.947 t0 1.672 0.881
Household income —0.696 0.293 —0.165 —1.274 t0o —0.118 0.018
Smoking status 2.187 1.426 0.101 —0.625 to0 4.998 0.127
BMI 0.198 0.094 0.138 0.014 to 0.383 0.035
EuroSCORE —0.283 0.195 —0.142 —0.667 to 0.101 0.147
Number of grafts 0.231 0.336 0.045 —0.432 10 0.894 0.493
Cardiopulmonary bypass -0.339 0.877 —0.026 —2.069 to 1.390 0.699
Clinical sleep disorders —1.447 2439 —0.038 —6.253 to 3.360 0.554
Step 4
Baseline total sleep complaints 0.129 0.056 0.163 0.017 to 0.240 0.024
Age 0.086 0.061 0.141 —0.033 t0 0.206 0.155
Sex 1.456 1.162 0.086 —0.834 t0 3.746 0.212
Marital status —0.195 0912 —0.015 —1.992 to 1.603 0.831
Household income —0.663 0.292 —0.157 —1.239 to —0.087 0.024
N.B. significance values in bold Smoking status 2.044 1.423 0.094 —0.761 to 4.849 0.152
text p <0.05 BMI 0.205 0.095 0.143 0.018 to 0.391 0.031
N.B. BDI Beck Depression EuroSCORE —0.358 0.197 —0.179 —0.747 10 0.030 0.070
Inventory, BMI body mass index, Number of grafts 0.200 0.334 0.039 —0.458 t0 0.858 0.550
EuroSCORE Emropean System Cardiopulmonary bypass ~0277 0873  —0021 1998t 1444 0751
for Cardiac Operative Risk . .
Evaluation, HADS Hospital Clinical sleep disorders —2.215 2.440 —0.058 —7.023 to 2.594 0.365
Anxiety Depression Scale, MPQ- Baseline anxiety (HADS) 0.250 0.111 0.185 0.032 to 0.469 0.025
SF McGill Pain Questionnaire— Baseline depression symptoms (BDI) ~ —0.039  0.085  —0.039  —0.206 to 0.128 0.647

Short Form

by other authors investigating HRQoL in CABG patients.
Thomson and colleagues [39] reported a mean pre-CABG
physical SF-12 score of 30.45 and a 4-month post-CABG
score of 41.47, and Lie and colleagues [40] reported a
mean physical SF-36 score of 38.6 before surgery and
40.9 six weeks after surgery. These figures can be seen to
reflect reduced physical HRQoL in this patient group when
viewed in light of UK population norms on the physical
component of the SF-12 of between 36.48 and 48.80 for
>45 year olds [41].

@ Springer

Our findings are in line with the results from Hunt and
colleagues [16] and Redeker and colleagues [17] who reported
cross-sectional associations between poor sleep quality and
worsened quality of life after CABG. The results from our
study were prospective in that greater sleep complaints prior to
surgery were associated with poorer physical recovery
following surgery. Poor sleep is also thought to be closely
linked to emotional well-being. For example, Edéll-
Gustafsson and Hetta [18] found that those CABG patients
reporting greater anxiety were more prone to sleep
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disturbance. We found that baseline sleep complaints and
anxiety were associated at baseline, but that in regression
models Jenkins total scores were a significant independent
predictor of physical HRQoL and physical symptom reporting
even after controlling for anxiety. Anxiety and sleep
complaints were both significant predictors of sensory pain
following surgery. In addition, research has shown an
association between poor sleep quality and depression [42,
43]. Depressive symptoms after CABG have been shown to
be associated with a host of poorer outcomes including
increased risk of graft disease progression [44], greater
hospital readmissions [45], poorer functional recovery such
as shorter walking distances [46] and poorer physical recovery
including more infections, impaired wound healing [46, 47]
and greater pain [48]. However, we found no evidence for
preoperative depression being associated with short-term
post-operative recovery, suggesting sleep quality exerted
independent effects on CABG outcomes. Additionally, we
controlled for the possible influence of sleep medication and
history of sleep disorders in our analyses, with the effect of
sleep complaints on physical recovery remaining.

Possible alternative pathways linking sleep complaints
with CABG recovery include the role the neuroendocrine
system and, in particular, cortisol [49]. Changes to the
neuroendocrine system have been observed after sleep loss,
although the findings are inconsistent, with some studies
reporting a slight elevation in cortisol in response to sleep
deprivation [50, 51], while others have reported no changes or
even small decrements in cortisol levels [52, 53]. Modulation
of cortisol responses may have particular importance as
greater cortisol output has been associated with slower wound
healing [54, 55]. In addition, sleep deprivation or disruption
may act as a stressor, leading to increased sympathetic
nervous system activation. If sleep recovery is insufficient,
these effects have been shown to continue, with studies
showing persistent elevated heart rate and blood pressure
[56, 57]. Other mechanisms are also likely to be involved,
such as dysregulation of inflammatory responses [58, 59]; this
is likely to be particularly salient in CABG patients since the
surgical procedure itself is known to be associated with an
acute inflammatory response [60]. Impaired behavioural
adaptation may also be at play, with the link between poor
sleep and poor quality of life potentially attributable to a host
of health behaviours. We were able to adjust for smoking and
BMI in our analyses, still demonstrating an independent effect
of sleep complaints on poor recovery; however, other health
behaviours such as physical inactivity and alcohol
consumption may also be important. These biological and
behavioural pathways warrant future investigation in sleep
studies in cardiac patients. Other, non-causal, pathways
should also be borne in mind. For example, since sleep
disorders were self-reported, it cannot be entirely ruled out
that undiagnosed sleep apnoea was not responsible for the

reported association between sleep complaints and
recovery.

The timing of the follow-up assessment is likely to affect
how well the results can predict long-term prognosis. For
example, Hedner and colleagues [61] assessed sleep in over
1,200 individuals prior to CABG surgery and 1 year following
surgery, and reported that baseline sleep disturbance was not
generally associated with survival at 5-year follow-up. This
study has shown baseline sleep complaints to be associated
with short-term differences in recovery; however, we do not
know to what extent these effects would be maintained in the
longer term or the impact of sleep complaints on mortality
risk. Future work is needed to address these issues.

Sleep measurement is also likely to be important in studies
of this type. Marked discrepancies have been observed
between subjective and objective measures of sleep [62—-65],
with self-rated sleep being modulated by psychosocial
characteristics and affect [26]. As with other self-report
measures, questionnaire measures of sleep disturbance are
likely to be subject to recall bias. However, since the baseline
assessment occurred on average a month prior to participants'
surgery, it is unlikely that acute sleep disturbance in
anticipation of the operation affected participants' responses
on this measure. In addition, it should be noted that the Jenkins
Sleep Problems Scale that we utilised here has not previously
been validated against objective measures of sleep disturbance
such as polysomnography, and thus our observations are
restricted to the subjective experience of sleep.

Our study had a number of strengths. We used a
longitudinal design so were able to demonstrate a prospective
relationship from pre- to post-operative periods. In addition,
we included a large number of demographic and clinical
covariates in our analyses and a wide range of recovery
outcome measures, showing sleep complaints to have
independent effects on several different markers of physical
recovery. However, our sample was restricted to elective
surgery participants and therefore does not capture the full
range of disease severity and co-morbidities that may be
apparent in patients undergoing cardiac surgery. Attrition is
another limitation of our study, since female participants and
those with higher EuroSCOREs were more likely to be
excluded from our analyses; we endeavoured to address this
issue by controlling for these variables in all analyses, but care
must be taken when generalising our results to the wider
CABG population. Reverse causality should also be borne
in mind given that we did not measure pain and physical
symptoms on the CROQ preoperatively, since these measures
were focused on experiences following surgery. It is
conceivable that preoperative physical symptoms contributed
to the preoperative poor sleep of some patients. In addition,
we used self-report measures of sleep and this may be
influenced by negative affectivity [26]. We tried to overcome
this by controlling for anxiety and depressive symptoms in our
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regression models and indeed the associations between poor
sleep and recovery remained significant even after these
adjustments. While we identified preoperative sleep
complaints as a significant predictor of poorer recovery, other
factors that were not taken into consideration in these analyses
are also likely to be at play given the total variance explained
across our models varied from between 14.6 and 21.2 %. Our
findings have important clinical implications, suggesting that
interventions to target sleep quality prior to surgery could have
beneficial effects on several aspects of physical recovery
following surgery.

In conclusion, our findings suggest greater sleep
complaints before surgery may partly explain why some
patients fail to show improvements in physical adjustment
after CABG surgery. Future work would benefit from both
objective and subjective measures of sleep and larger sample
sizes for the exploration of biological pathways to delineate
the causal mechanisms by which sleep can affect recovery in
cardiac surgery patients.
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