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Background: The applicability of the Short Form (SF36) questionnaire to
disparate populations led us to use this tool to investigate how health-related
quality-of-life (HRQoL) for patients who underwent coronary artery bypass
grafting (CABG) is related to gender, age and survival.

Method: SF36 data and the presence of cardiac symptoms were collected
from 44 women and 166 men prior to surgery and from consenting survivors at
one and eight-year follow-ups. Survival data were collected from government
records for 18 years post operation. Paired t-tests, Pearson correlation
coefficients, chi-squared tests and the log-rank test were used to investigate
connections between HRQoL and age, presence of angina/breathlessness and
survival within and across genders.

Results: HRQoL improved significantly for males and females in almost all
health domains at the one year follow-up. At the eight year follow-up most
female domain scores showed further improvement whereas the majority
of male domain scores declined. Cardiac symptoms were present in 75.8% of
women and 68.3% of men (x2=0.7120, p=0.3988) at the one-year follow-up, and
84.2% of women and 70.2% of men at the eight-year follow-up. Male long term
survival (53.6% after 18 years) depended significantly on retaining post-operative
improvements in HRQoL to the medium term (p<0.002 in 4 of 8 domains). Female
long term survival (40.9%) was significantly less than male survival (p=0.0108)
and depended on maintaining a steady upward trend in HRQoL over the medium
term. Age was not a determinant in HRQoL following CABG. Long term male and
female survival was not significantly different and approached those of age and
gender matched samples from the general population.

Conclusion: Strategies to improve HRQoL in women may support improved
survival by reducing excess short term female mortality, but the effectiveness
of the same strategy for men is less apparent.

Introduction

Coronary Artery Bypass Grafting (CABG) is a standard routinely
performed revascularization procedure in the management of CHD
(Coronary Heart Disease), showing results in improved longevity®.
The majority of procedures are performed for patients with
continued symptoms of CHD after optimal medical management.
However, longer term follow-up information on symptomatic and
wider health outcomes is not collected and collated routinely other
than at the level of individual care management. Data in the public
domain are typically 30 day mortality and numbers of hospital
procedures with rates of mortality?3. The female and male patients
investigated in this work had respective 30 day mortality rates of
11.4% and 3.6%*and are noticeably larger than more recent rates
for the same procedure®. We have no further information as to why
the short term female mortality is so high.
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Long term data pertaining to the relative survival of
male and female patients following CABG is sparse. The
predominant view from the literature’- is that women fare
worse than men following CABG, although there is some
evidence to suggest that the gender gap is slowly closing®.
Suggested explanations for this disparity in survival rate
between the sexes are that women present at older ages
with more advanced states of disease>®?, and that women
also have, on average, more comorbidities®. These effects
are potentially compounded by the smaller diameters
of female coronary vessels making these more difficult
to revascularise and more susceptible to the effect of
narrowing than equivalent vascular damage in men'’.
However, contrary to the prevailing view, a 5 year study in
the Emilia-Romagna region of Italy involving a comparison
of two matched cohorts of 1331 female patients with
a cohort of 5976 male patients found male and female
survival rates to be similar!®.

This work extends the temporal horizon of a cohort
study which has reported previously on earlier outcomes
of patients who had undergone CABG surgery*!*'®. Survival
to 1°* January 2014 (approximately 18 years post surgery)
is reported together with health related quality of life
(HRQoL) data to eight years post surgery as measured by
the Short Form 36 (SF36) assessment questionnaire!. This
questionnaire is recognized as a valid and reliable tool for
evaluating general health status in a normal population®’
and in the context of patients undergoing percutaneous
transluminal angioplasty and changes in symptoms
following intervention'®. We have reported on its use in
this cohort to assess improvements in HRQoL one year
following CABG?®.

The impact of CABG on HRQoL is investigated separately
for male and female patients from data collect at three
times pre and post surgery, and how HQRoL relates to
gender, age and long term survival.

Methods

Ethical approval

Ethical approval was obtained for the initial study
investigation. Approval for additional follow up of health
status was gained from the Local Research Ethical
Committee (LREC), Glasgow Royal Infirmary, UK, after
assurance that survival status was confirmed before
contacting previous participants. This was included in the
study procedures*.

Short form 36

HRQoL was measured using the Short Form 36 (SF36)
questionnaire developed by Ware et al.®. The questionnaire
has 36 individual questions which are used to generate
scores from zero to one hundred in each of eight domains
of health!®. Higher scores in any domain relate to better

health status in that domain. The eight domains are
Physical Functioning (PF, 10 Questions), Role Limitation
due to physical health problems (RP, 4Q), Bodily Pain (BP,
2Q), General Health (GH, 5Q), Energy and Vitality (EV, 4Q),
Social Functioning (SF, 2Q), Mental Health (MH, 5Q) and
Role Limitation due to mental health problems (RE, 3Q).
Each participant was sent a self-completion questionnaire
prior to review and collected at the time of interview.

Methods of analysis

Paired and unpaired differences in mean SF36 domain
scores were compared using Student’s t-test rejecting
the Null hypothesis at the 5% level of significance. Tests
comparing numbers of female and male patients used
Pearson’s chi-squared test with the appropriate number
of degrees of freedom and a 5% level of significance.
Correlations were calculated using Pearson’s product
moment coefficient using a 5% level of significance. Survival
curves for female and male patients over a period of 18
year are constructed using the Kaplan-Meier estimator and
these curves are compared using the Log-rank test.

Results

Study sample

The methods for the establishment of the study cohort,
the assessment instruments used and the follow up
procedures are reported elsewhere'®. Briefly, a random
sample of patients was recruited from elective surgery
at approximately one month prior to operation. Three
interviews were conducted: one at baseline within one
month of the operation and at follow-up interviews one year
and eight years post operation. Long term survival data to 18
years were collected from government records of deaths®.
An initial cohort of 210 (44F166M) underwent CABG,
reducing to 199 (39F 160M) at the one year follow-up, 165
(30F135M) at the eight year follow-up and 105 (16E89M)
after 18 years. Self-rated severities of cardiac symptoms or
their presence/absence were also collected at interview.

Age profile of study participants

Patient ages were grouped in age bands of 5 years as
shown in Figure 1. The fractions of women and men in
each age band were tested and found not to be significantly
different (x?=1.3949, p=0.8451). Female ages range from
40.7 years to 73.7 years (58.7, SD=7.6) at the time of
operation while male ages range from 39.8 years to 79.3
years (58.0, SD=7.7).

Figure 2 shows that mean male scores exceed mean
female scores in the majority of domains at baseline and at
the one year follow-up, but at the eight year follow-up this
situation is reversed. However, no statistically significant
differences were found at baseline, or at the one year or
eight year follow-ups.
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Figure 1: Histogram of the numbers of female/male (clear/solid
column) patients distributed in bands of 5 years from less than 50
years to 65 years or more at the time of CABG surgery.

patients at the one year follow-up and (19F91M) patients
at the eight year follow-up. Table 1 shows that the mean
changes (paired) in domain scores for women and men
between baseline and the one year follow-up are increased
in all domains at the one year follow-up with the majority
of improvements being statistically significant.

Women show further non-statistically significant
increases in six out of eight domains and decreases in
two domains between the one year and eight year follow-
ups. However, for men domains RP and RE show further
significant increases, 4 domains are unchanged but
domains PF and EV show significant decreases. In overview,
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Figure 2: Mean scores for the eight health domains of SF36 at baseline, one year and eight year follow-ups are plotted for women and men.

Table 1: Mean paired change in SF36 domain scores from baseline to the one year follow-up and from the one year to the eight year follow-up

for women and men. Changes without an associated p-value are not statistically significant.

Change in SF36 domain score from baseline to the one year Change in SF36 domain score from the one year to eight year

follow-up
Female (p-value)

Male (p-value)

follow-ups
Female (p-value)

Male (p-value)

PF 15.54 (p < 0.001) 22.47 (p < 0.001) -6.08 -12.79 (p < 0.001)
RP 22.79 (p = 0.004) 26.13 (p < 0.001) 4.69 11.21 (p = 0.052)
RE 27.08 (p < 0.001) 10.21 (p=0.032) 8.33 13.95 (p = 0.011)
SF 10.21 (p=0.051) 20.07 (p < 0.001) 6.94 0.31
MH 2.41 5.09 (p = 0.004) 3.75 -0.03
EV 3.92 12.56 (p < 0.001) 8.13 -4.59 (p = 0.034)
BP 12.12 (p = 0.024) 17.10 (p < 0.001) 6.95 -4.58
GH 14.96 (p = 0.002) 18.25 (p < 0.001) -2.25 -8.31 (p = 0.002)
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these findings suggest that female HRQoL is stable with a
modest trend for improvement, whereas male HRQoL is
less stable being a mixture of significant improvements in
some domains and declines in others.

Correlations between age and HRQoL

Female age at baseline is significantly negatively
correlated with RP and positively correlated with MH, but
at one year post operation no significant correlations were
found between age and domain scores. These findings
suggest that older women are more physically limited at
baseline, but have above average quality of mental health.
The important finding, however, is that age is not a critical
determinant of female HRQoL post CABG.

Male age at baseline and at the one year follow-up
is positively correlated with all domains of HRQoL. In
particular, the correlations with Mental Health at baseline
and Energy Vitality and General Health at the one year
follow-up are statistically significant. Thus the CABG
intervention preferentially benefits HRQoL in older men in
the short term.

Correlations between age and changes in HRQoL

The impact of surgery to a patient’'s HRQoL is
determined by the size and direction of the changes in their
domain scores, in the short term from baseline to the one
year follow-up and in the longer term from the one year to
the eight year follow-ups.

No significant correlations were found between age
and changes in female HRQoL scores between consecutive
times of data collection. Between baseline and the one year
follow up 7 of the 8 domains of HRQoL were negatively
correlated with age, but 7 of the 8 correlations between
age and changes in HRQoL between the one and eight year
follow-ups were positive. Thus younger women initially
experience greater improvements in HQRoL, but surviving
older women show long term above average upward trends
in their HRQoL.

Correlations of male age with the change in domain
scores from baseline to the one year follow-up were mixed,
but none were significant. However, 7 of the 8 correlations
of male age with the change in domain scores between
the one year and the eight year follow-ups were negative,
and in particular the correlation with Role Physical was
negative and statistically significant. Thus male age is not
detrimental to the benefit of the CABG intervention, but
over the longer term older men struggle to maintain early
gains.

Health-related Quality of Life and Angina/
Breathlessness

At baseline 41/43 women (95.3%) and 159/161 men
(98.8%) suffered from angina, breathlessness or both.

Although the CABG intervention reduced the severity
or angina and/or breathlessness symptoms in the vast
majority of patients, nevertheless cardiac symptoms
persisted at the one year follow-up in 25 of 33 women
(75.8%) and 99 of 145 men (68.3%). Abbate et al.?' also
report a high persistence of angina following coronary
revascularization with approximately 90% of patients
experiencing one or more episodes of angina in the six
months following surgery, and at least one third of patients
experiencing several bouts of angina per week.

At the eight year follow-up a cardiac symptom was
present in 16 of 19 (84.2%) women and 66 of 94 (70.2%)
men. Comparisons of the presence of cardiac symptoms
at baseline and the eight year follow-up are difficult
because of the small numbers of female patients, but at
the one year follow-up a chi-squared test comparing the
presence of a cardiac symptom between women and men
gave (x?=0.7120, p=0.3988) indicating no difference in the
presence of a cardiac symptom between women and men.

Correlations of female HRQoL with presence of
angina/breathlessness

Correlations between female HRQoL and the presence
of angina/breathlessness were negative at baseline in
7/6 out of eight domains, but none were significant. All
correlations with HRQoL and the presence of angina were
negative at the one year and eight year follow-ups, but
again none were significant. Correlations of HRQoL and
the presence of breathlessness were negative in 7 out of
8 domains at the one year and eight year follow-ups, with
2 significant correlations at the one year follow up and 5
significant correlations at the eight year follow-up. The
exception was Role Emotional which correlated positively,
but not significantly, with the presence of breathlessness.
These findings indicate that it is the relief of breathlessness
rather than angina that is the more important factor in
improving the HRQoL of women.

Correlations of male HRQoL with presence of angina/
breathlessness

Correlations between male HRQoL and the presence of
angina/ breathlessness at baseline were negative in 7/6
out of 8 domains, but none were significant. Correlations
between male HRQoL and the presence of angina/
breathlessness at the one year and eight year follow-ups
were all negative and significant (p<0.05). Post surgery
HRQoL for men is thus dominated by the effectiveness of
the CABG intervention to relieve angina and breathlessness
symptoms.

Health-Related Quality of Life and Survival

Comparison of female and male survival

Female and male survival rates are compared over a
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period of 18 years from the date of operation using the
Kaplan-Meier estimator?’.. Figure 3 plots the value of
this estimator for the female (solid red) and male (solid
blue) sample populations. The dashed red and blue lines
correspond to the survival experience of a gender and age-
matched cohort of the general population?.

Twenty eight (N=28) and seventy seven (N=77) female
and male deaths respectively occurred during the period
of the study. The estimated median survival for female
patients was 12.97 years, and the mean survival was
12.06 years with 95% confidence interval (10,03,14.10).
The mean survival for male patients was 15.02 years with
95% confidence interval (14.17,15.88), but the median
survival could not be estimated because less than half of
the male sample died during the period of the study. A Log-
rank comparison of the Kaplan-Meier survival curves for
the female and male patients gave x?=7.1514 (p=0.0075)
indicating significantly different survival risk for female
and male patients over the period of the study. Figure
3 shows two periods of excess female mortality, one
period immediately following CABG and a second period
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Figure 3: Survival curves (solid lines) for the male (blue) and
female (red) cohorts of the study are shown together with the
expected survival curves (dashed) for an age and gender matched
cohort from the general public?.

approximately ten years following CABG. This behaviour
has also been noted in other studies?*%.

The Log-rank test applied to the Kaplan-Meier survival
curves for female and male patients surviving beyond
twelve years gave x?=0.9125 (p=0.3394) indicating that
survival rates for male and female patients beyond 12 years
post intervention are not different, a result which agrees
with the findings from other studies?*?’. Figure 3 supports
this result and shows long term male and female survival
curves declining at approximately the same rates. Figure 3
also suggests that long term survivors of CABG experience
similar mortality to that of the general population.

The relationship between HRQoL and survival

Columns 1 and 2 of Table 2 show separately the
difference in mean scores at the one year follow up for
women and men who survive to the eight year follow-up
and those who do not. Columns 3 and 4 of the Table repeat
the calculation at the eight year follow-up for patients who
survive to the end date of the study and those who do not.

Column 1 of Table 2 shows 4 positive and 4 negative
differences, none of which are significant in the comparison
of mean scores at the one year follow-up between female
survivors to the eight year follow-up and those who do not.
Thus short term HRQoL is unrelated to female medium
term survival. Column 3 of Table 2 shows that all differences
are positive but none are significant in the comparison of
mean scores at the eight year follow-up between female
survivors to the end date of the study and those who do
not. Thus women surviving long term have, on average,
better medium term HRQoL than those who do not.

Column 2 of Table 2 shows all differences are positive
in the case of men, two of which are significant, between
male survivors to the eight year follow-up and those who
do not. Thus short term improvement in HRQoL is related
to medium term survival of men. Column 4 of Table 2

Table 2: Difference in mean domain scores at the one year follow-up for women/men surviving/not surviving to the eight year follow-up
(cols 1,2), and at the eight year follow-up for women/men surviving/not surviving to the end date of the study (cols 3,4). Only statistically

significant differences have been given an associated p-value.

Difference in mean SF36 domain scores between surviving/not surviving female and male patients for the one year to the eight
year follow-up, and from the eight year follow-up to the end date of the study

One year follow-up for survival/not survival to the 8 year

follow-up
Female Male
PF 291 3.20
RP -0.29 25.95 (p = 0.005)
RE -19.43 26.90 (p =0.012)
SF 1.01 3.96
MH -5.52 6.62
EV 11.92 7.60
BP -7.75 4.15
GH 12.97 5.26

Eight year follow-up for survival/not survival to the end date of
study

Female Male
1.25 21.58 (p =0.001)
13.07 5.38
18.56 2.56
13.61 23.34 (p = 0.003)
12.96 8.71
10.82 0.77
2.23 15.22 (p = 0.014)
10.33 13.85 (p = 0.010)
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shows that men surviving to the end date of the study had
better HRQoL in all domains at the eight year follow-up,
four of these differences being significant, than those who
survived to the eight year follow-up but not to the end date
of the study.

The relationship between change in HRQoL and
survival

The short term and medium term benefits to HRQoL
from the CABG intervention are measured respectively by
the changes in domain scores from baseline to the one year
follow-up and from the one year to eight year follow-ups.

Column 1 of Table 3 shows mixed behavior for women
with 4 positive and 4 negative differences none of which
are significant suggesting short term gains/losses in female
HRQoL are unrelated to medium term survival for women.
Column 3, however, indicates that average HRQoL of
women surviving to the end date of the study was better in
every domain of HQQoL, and significantly better in General
Health, than women surviving in the medium term but not
to the end date of the study.

Conversely, column 2 of Table 3 indicates that male eight
year survival was related to higher early (one year) gains in
all HRQoL domains of SF36, and statistically significantly in
the domains of PF, RP, RE, SF and EV. However, column 4 of
Table 3 with 4 positive and 4 negative differences indicates
that male survival beyond the medium term was unrelated
to gains in HRQoL over the period from the one year to
eight year follow-ups.

Tables 2 and 3 taken together indicate that it is the
size of the improvement in General Health rather than the
domain score that is the significant marker of long term
survival in women. Although only one change in domain
scores is statistically significant at the eight year follow-
up, nevertheless long term female survival is, on average,
characterized by modest improvements in all domains of
HQROoL in the short to medium term.

Tables 2 and 3 taken together indicate that male medium
term survival relates to higher short term (one year) gains
in HRQoL, while longer term survival is associated with
retaining these short term gains to the medium term.

Discussion

This study took place in the West of Scotland which
in the early years of this work was well known to have a
particularly high incidence of ischaemic heart disease.
During 2002 there were 494 cases and 215 deaths per
100000 men in Scotland, which at the time was the second
highest rate in Western Europe®. The patients in this
study were largely drawn from inner city areas, exhibited
high levels of social and material deprivation and had a
significant numbers of comorbidities, particularly smoking
in women. Many followed a lifestyle diet of predominantly
fast/processed food and low consumption of fruit and
vegetables resulting in a high incidence of coronary disease
mortality in both sexes, which was exceptionally high in the
case of women?’.

Much commentary has reported on male and female
differences and experiences in CHD ranging from symptom
presentation, investigation practices and outcomes of
treatments including the investigation of outcomes
following coronary bypass surgery. Durations of study
typically divide into periods of 12 months or less?*303¢,
periods of around four to five years”'*?>373% and periods
of eight or more years*“° of which this study examining
survival to 18 years post-operatively is an example. Briefly,
the literature reports that HRQoL initially improves
significantly post surgery for both genders although
women experience excess mortality. The literature also
reports a reduction in cardiac symptoms, particularly for
men as observed in this study. Around four/five years
post surgery female HQQoL is reported to be lower than
that of males’. However, in the longer term no statistically
significant differences in HRQoL were reported between
the genders*® in agreement with the findings of Figure 2.

Table 3: Columns 1 and 2 show the difference in the mean change in scores from baseline to the one year follow-up for female/male patients
surviving/not surviving to the eight year follow-up. Columns 3 and 4 give the equivalent differences from the one year to eight year follow-ups
for female/male patients surviving/not surviving to the end date of the study. P-values are shown for significant differences only.

Difference in mean SF36 scores between surviving and not surviving female and male patients
Change from baseline to the one year follow-up for survival/not Change from the one year to the eight year follow-up for surviv-

survival to the 8 year follow-up

Female Male
PF 9.31 16.91 (p = 0.013)
RP 2.57 34.84 (p = 0.003)
RE 4.19 41.88 (p < 0.001)
SF -0.78 17.00 (p = 0.043)
MH -3.19 4.48
EV -6.64 11.06 (p = 0.018)
BP 6.73 10.42
GH -11.48 4.89

al/not survival to the end date of study

Female Male
30.87 -1.68
47.50 -17.97
31.11 -7.01

8.15 12.44
6.00 2.14
21.00 -6.57
17.04 1.58
27.07 (p = 0.010) 1.77
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Interestingly in Figure 2 average female HRQoL exceeded
average male HRQoL in 6 out of 8 domains in this study.
A possible explanation is that longer term female survival
is characterized by slowly improving HRQoL domains,
whereas over the same period male HRQoL is typically
characterized by a significant initial improvement in post
CABG followed by a slow downwards trend.

In this investigation both sexes received, on average,
an immediate and significant improvement in HRQoL as
a result of surgery (Table 1) in keeping with the findings
of other studies'®303¢40, On balance, female age was
not a discriminatory factor with regard to HRQoL after
CABG!273638  Although younger women experienced
greater short term gains in HRQoL, older women showed
these gains over the longer term (Sections 3.1, 3.2). On
balance, male age was also not a discriminatory factor with
regard to HRQoL after CABG'!?73¢38 but for the opposite
reason. While older men achieved higher short term gains
in HRQoL as a result of the CABG intervention, over the
longer term these same patients struggled to retain these
gains (Sections 3.1, 3.2). A general finding also reported by
other authors”33% is that, on average, female HRQoL scores
and female gains in HRQoL as a outcome of CABG both lie
below those for men in most domains of HRQoL.

A previous investigation showed that women and men
experience similar levels of angina and breathlessness?®.
The small numbers of female patients free of cardiac
symptom at baseline and the eight year follow-up made
gender comparisons difficult, but the finding in this work
was that women had a significantly higher incidence of
cardiac symptoms than men at the one year follow-up.

Section 4 indicates that the presence of these cardiac
symptoms is particularly detrimental to male HRQoL, a
finding that is also reported in the literature?*. In this study
all domains of male HRQoL were significantly negatively
correlated with angina and/or breathlessness, whereas
the equivalent correlations for women, although negative,
were weaker (Section 4).

Figure 3 indicates that short to medium term survival
rates were significantly lower for women than men in this
study, a finding which has been reported by a number
of authors!t?>27343841  Specifically, women experience
different cardiac symptoms from men supporting the
view that their cardiac health could be considered to be
subjectively different*2. An important contributing factor
is thought to be the smaller diameters of coronary vessels
in women making them more difficult to revascularise and
more susceptible to the effect of narrowing than would be
the case for equivalent vascular damage in men. Although
the incidences of hypertension for women (79.5%) and
men (86.3%) in this study were not statistically different
(p=0.2899), the presence of hypertension in women is

thought to magnify their susceptibility to coronary events
by comparison with similar levels of hypertension in
men'’. Also women tend to present coronary symptoms
at a later age than men resulting in an increased urgency
of coronary procedure!®?>2737, although this explanation
does not apply to the women in this study. As commented
previously, Figure 3 indicates that the long term slopes
of the survival curves for both genders are not greatly
different suggesting that the long term survival rates
for both genders are similar?®?’; the increased female
mortality occurs in the short to medium term post
operation. A long term study of survival following bypass
surgery noted increased mortality 8-10 years post
intervention*!. Figure 3 shows this effect for women,
although here it may be an artifact of a small sample. The
same effect is not apparent for men.

Tables 2 and 3 show that medium term female survival
was not significantly related to short term gains in
HRQoL, but women who improved their HRQoL over the
medium term had better long term survival prospects.
On the other hand, men surviving to the medium term
had significant initial improvements in HRQoL, but
their longer term survival was correlated with retaining
these early gains in HRQoL to the medium term. Beyond
12 years male and female survival is not different and
indeed Figure 3 suggests that it is similar to that of the
general population.

Personal health monitoring in combination with cohort
surveillance and developments in the digital world will
increase one’s ability to collect even richer real-time data.
However, time must still elapse in order to allow the long
term consequences and outcomes of interest following
major healthcare interventions to be revealed.

Conclusion

The primary finding of this work is that women initially
experience smaller improvements than men in HRQoL
from CABG but have an upwards trajectory over the
medium term. On the other hand men tend to show the
reverse behavior with initially significant improvements
in HRQoL which they struggle to retain over the longer
term. Strategies to improve HRQoL in women may support
improved survival by reducing excess short term female
mortality, but the effectiveness of the same strategies for
men is less apparent.
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